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1.

EA Evolutionary Algorithm
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DE Differential Evolution [6]
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2.

F (�x) �μ(�x) σ(�x)2

(1)

F (�x) ∼ N(μ(�x), σ(�x)2) (1)

�x ∈ �D N

{F1, · · · , Fn, · · · , FN}
(2) (3)

F (�x, N) =
1

N

N∑
n=1

Fn (2)

s(�x, N)2 =
1

N − 1

N∑
n=1

(Fn − F (�x, N))2 (3)

�x N Fn

�x

N +1 Fn+1 α (4)
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L(�x, N) ≤ FN+1 ≤ U(�x, N) (4){
L(�x, N) = F (�x, N)− β s(�x, N)

U(�x, N) = F (�x, N) + β s(�x, N)
(5)

β = t(N − 1, α/2),

√
1 +

1

N
(6)

t(N − 1, α/2) α t
α = 0.05

, (4) U(�x, N)

[
minimize U(�x, N)

subject to xj ≤ xj ≤ xj , j = 1, · · · , D
(7)

U(�x, N)

D xj ∈ �
xj xj

3. DE

DE (2)
(3) N

DE , (1)
N N

DE

3.1 DE DE-P
DE-P 1 DE

U(�xi, N)

�u (2)
N = 1 1
F (�u, 1) F (�u, 1) �xi

U(�xi, N) F (�u, 1) U(�xi, N)

U(�u, N) F (�u, 1) U(�u, N)

U(�xi, N)

U( �xb, N) �xb ∈ �P

3.2 DE DE-C
DE-C 2

γ (γ > 0) F (�u, 1) γ F (�u, 1)

γ

U(�u, N)

3.3 DE DE-PC
DE-PC DE-P DE-C

DE-PC DE-C

for (i = 1; i ≤ NP ; i++) {
Randomly generate �xi ∈ P;
Evaluate U(�xi, N);

}
i = 1; /* index of the target vector */
while (termination condition == false) {
Generate the trial vector �u;
Evaluate F (�u, 1);
if (F (�u, 1) ≤ U(�xi, N)) {
Evaluate U(�u, N);
if (U(�u, N) ≤ U(�xi, N)) {

�xi = �u;
U(�xi, N) = U(�u, N);

}
}
i = (i mod NP ) + 1;

}
Output �xb ∈ P with the minimun U(�xb, N);

1 DE-P

for (i = 1; i ≤ NP ; i++) {
Randomly generate �xi ∈ P;
Evaluate F (�xi, 1);
if (F (�xi, 1) ≤ γ) {
Evaluate U(�xi, N);

} else {
U(�xi, N) = ∞;

}
}
i = 1; /* index of the target vector */
while (termination condition == false) {
Generate the trial vector �u;
Evaluate F (�u, 1);
if (F (�u, 1) ≤ γ) {

Evaluate U(�u, N);
if (U(�u, N) ≤ U(�xi, N) )

�xi = �u;
F (�xi, 1) = F (�u, 1);
U(�xi, N) = U(�u, N);

}
} else { /* F (�u, 1) > γ */
if (F (�u, 1) ≤ F (�xi, 1))

�xi = �u;
F (�xi, 1) = F (�u, 1);

}
}
i = (i mod NP ) + 1;

}
Output �xb ∈ P with the minimum U(�xb, N);

2 DE-C

N �u

�xi U(�xi, N)

�u N U(�u, N)
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1 U

fp DE DE-P DE-C DE-PC

f1 371.718 3.709 3.198 2.780

f2 54.291 3.281 2.994 2.661

f3 75.996 19.289 18.971 18.273

f4 3500.078 4.203 6.556 3.221

f5 7.404 3.847 3.986 3.815

4.

DE DE-P DE-C DE-PC Java
U(�x, N)

F (�x) 5 fp

DE Np = 100

3 × 105 γ = 50

5 30
DE 1 1

1
DE-PC

3 DE DE-P DE-C DE-PC (7)

3 DE

5.

DE
DE DE-PC

DE-PC

γ
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Sphere function: f1

Hyper-Ellipsoid function: f2

Rosenbrock function: f3

Schwefel’s Ridge function: f4

Griewank function: f5
3 U
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