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Abstract: In solving global optimization problems, evolutionary algorithms converge slowly and tend to be trapped in

local optimal solutions. A crossover operator is designed which searches the descent-directions based on the relationship

between the best individual and the others in the population. Once it finds an individual better than the best one in the

population, the objective function is further optimized by using the projection of the intersection of two constructed lines,

so that the function can decrease faster. A method is presented to generate the initial population for the crossover operator.

To improve the performance of the algorithm, a mutation operator which increases the convergence rate and avoids to be

trapped in the local optima is given. Based on all these, an evolutionary algorithm for global optimization is proposed and

its global convergence is proved. Numerical results show the efficiency of the proposed algorithm for all test functions.
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1 (Introduction)
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2 (Novel

evolutionary algorithm for unconstraint

global optimization)
2.1 (Initial population)

[L,U ] = {x1, x2, · · · , xN}T, li �
xi � ui, ai = {1, · · · , �(pop) 1

N �}, Xi =
(xi1, xi2, · · · , xiN)T ,

N .

:
Step 1 [0, 1]N

ra. k = 1.

Step 2 X = L+(U −L)×k/�pop/m�+
(U − L) · ra/�pop/m�, k = k + 1.

Step 3 k � �pop/m�, Step2. , .

m < 1 , N .

[L,U ]
, .

2.2 (Crossover operator)
Ls : y = f(Z) − δ|f(Z)|,

Z X̃ ,

δ = ±1/10000.

[L,U ] = {x1, x2, · · · , xn}T, li �
xi � ui, 1 � i � n, L = (l1, · · · , li, · · · , ln)T, U =
(u1, · · · , ui, · · · , un)T. P = {X1, X2,

· · · , Xpop}, pop . equal = {Xi : f(Xi)
= f(X̃), i = 1, 2, · · · , pop}, t,

En,1 = (1, 1, · · · , 1)T,

: g0.

X = (x1, x2, · · · , xn)T Y = (y1, y2, · · · , yn)T,

Superj = max{min{ lj − yj

xj − yj

,
uj − yj

xj − yj

},

min{ lj−xj

yj−xj

,
uj−xj

yj−xj

}}, j =1, 2, · · · , n.

:

Step 0 Temp = [ ],
g = 0, j = 0;

Step 1 f(X) f(Y ), X , Y Temp,

j = j + 2;

Step 2 .

λ1 (λ1,1, λ1,2, · · · , λ1,n)T, λ2 = En,1 −
λ1, Zj+1 (· · · , zj+1,i, · · · )T,

(xi, f(X)) (zj+1,i, f(Z)) L1,i,

(yi, f(Y )) (zj+1,i, f(Zj+1)) L2,i,

L : y = f(Zj+1) + δ|f(Zj+1)| L3,i,

L : y = f(Zj+1) − δ|f(Zj+1)| L4,i.

1 f(X) > f(X̃) f(Y ) > f(X̃),

a), b) .

a) Equal Equali = {ei,1, ei,2, · · · ,

ei,n}T,

a1) yj < ei,j < xj xj < ei,j < yj , j = 1, 2,

· · · , n, X Y ;

a2) d(X, Y ) >
d(L,U)

n
(d(X, Y ) X Y

), [0, 1]N

λ1 = (λ1,1, λ1,2, · · · , λ1,n)T, Zj+1 = λ1·X+λ2·
Y , Zj+1 Temp. j = j + 1, g = g + 1. Zj

X̃ , c) ; , g < g0, a), g � g0 Step 3.

b) X Y .

X Y , middle = (m1,

m2,· · ·,mn)T. Zj+1 zj+1,i,

i = 1, 2, · · · , n.

i = 1 ∼ n, (mi, f(middle)) (xi,

f(X)) (mi, f(middle)) (yi, f(Y ))
, slope1 slope2. slope1

= ∞ slope2 = ∞, λi = 1, [1,

min{s,Superi}] λ1,i(s

1 , s

).

b1) slope2 = 0, zj+1,i = λ1,ixi + λ2,iyi;

slope1 = 0, zj+1,i = λ2,ixi + λ1,iyi;

b2) slope1 > 0 slope2 > 0: xi < yi,

zj+1,i = λ1,ixi + λ2,iyi; xi � yi, zj+1,i =
λ2,ixi + λ1,iyi;

b3) slope1 < 0 slope2 < 0: xi � yi,

zj+1,i = λ1,ixi + λ2,iyi; xi < yi, zj+1,i =
λ2,ixi + λ1,iyi;

b4) slope1 · slope2 < 0: |slope1| � |slope2|,
zj+1,i = λ1,ixi + λ2,iyi; |slope1| < |slope2|,
zj+1,i = λ2,ixi + λ1,iyi.

Zj+1 =
(· · · , zj+1,i, · · · )T Temp, g = g+1, j = j+1.

Zj X̃ , c); , g < g0, b),

g � g0 Step 3.

c) Zj X̃ , L1,i L3,i, L1,i L4,i,

L2,i L3,i, L2,i L4,i 4

4 i , i = 1, 2, · · · , n.

4 , Temp.

Step 3.

2 f(X) = f(X̃), X

X̃ . d) e)
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, d) , e) .

d) [1, min{s,Superi}]N ( s

, )

λ1 = (λ1,1, λ1,2, · · · , λ1,n)T, Zj+1 = λ1 · X +
λ2 · Y , Zj+1 Temp, g = g + 1, j = j + 1.

f(Zj). Zj X̃ , h) ; g < g0, e),

g � g0 Step 3.

e) [0, β]N λ3 = (λ3,1, λ3,2,

· · · , λ3,n)T, Zj+1 = λ3 · X + λ4 · Y , Zj+1

Temp, g = g + 1, j = j + 1. f(Zj). Zj

X̃ , f); g < g0, d), g � g0

Step 3.

f) Zj X̃ , L1,i L4,i, L2,i L3,i,

L2,i L4,i 3 3

i , i = 1, 2, · · · , n.

3 , Temp, Step 3.

3 f(Y ) = f(X̃), f(X) �= f(X̃),

Y , Y

. g) h) , g)

, h) .

g) [1, min{s,Superi}]N
λ1 = (λ1,1, λ1,2, · · · , λ1,n)T, Zj+1 = λ1·Y +λ2·X ,

Zj+1 Temp, g = g + 1, j = j + 1. f(Zj).

Zj X̃ , i) . g < g0, h),

Step 3.

h) [0, β]N λ3 = (λ3,1, λ3,2,

· · · , λ3,n)T, Zj+1 = λ3 · Y + λ4 · X , Zj+1

Temp, g = g + 1, j = j + 1. f(Zj). Zj

X̃ , i). g < g0, g), Step 3.

i) L1,i L3,i, L1,i L4,i, L2,i L4,i 3

3

i , i = 1, 2, · · · , n. 3

, Temp, Step 3.

Step 3 . Temp
C1 C2 , .

2.3 (Mutation operator)
[L,U ] = {x1, x2, · · · , xn}T, li �

xi � ui, 1 � i � n.

X = {x1, x2, · · · , xn}T, :

x′
k =

⎧⎪⎨⎪⎩
xk+(uk−lk)m(1−sin(

πt

2T
)), rand � para,

xk+(uk−lk)m sin(
πt

2T
), rand > para.

(2)

k = 1 ∼ n, X ′ = (x′
1, · · · , x′

n) X

; t ; T ;

rand (0, 1) ; para

∈ (0, 1); m [
lk − xk

uk − lk
,
uk − xk

uk − lk
]

.

2.4 (A novel evolu-

tionary algorithm for global optimization)
1) pm pop. 2.1

P (0) = X1, X2, · · · , Xpop,

X̃ , t = 0;

2) ;

3) t, pop
, 2.2

;

4) 2.3

P (t) ;

5) 3), 4) X̃

pop P (t + 1), t = t + 1;

6) , . , 2).

3 (Global convergence)
1 {ξm}

, {ξ} p( lim
m→∞

ξm =

ξ) = 1 ∀ε > 0, p{
∞⋂

m=1

⋃
t�m

{||ξt − ξ|| � ε}} = 0,

{ξm} 1 {ξ} {ξm}
{ξ}.

1 (Borel-Cantelli) A1 · · ·Am · · ·
, pt = p{At},

∞∑
t=1

pt < ∞, p{
∞⋂

m=1

⋃
t�m

At} = 0,
∞∑

t=1

pt = ∞,

A1 · · ·Am · · · , p{
∞⋂

m=1

⋃
t�m

At} = 1.

A 1) Ω R
n ;

2) f(X) [L,U ] ⊇ Ω ; 3)

X∗ ∀δ > 0, Ω ∩ {X : ||X − X∗|| <

δ} Lebesgue 0.

A 1) 2)

S = {X : arg min
X∈Ω

f{X}} = Φ.

∀ε > 0, Q1 = {X ∈ Ω : ||f(X) − f∗|| <

ε}, Q2 = Ω\Q1, f∗ = min{f(X) : X ∈ Ω} =
{f(X∗) : X∗ ∈ S}.

P (t) . P (t)
Q1, P (t) S1. P (t)

Q1, P (t) S2.

1 pij(i, j = 1, 2, · · · ) P (t)
Si, P (t + 1) Sj ,
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A :

a) S1 P (t), p11 = 1;

b) S2 P (t),

c ∈ (0, 1), p22 < c.

, P (t) ∈ S1,

P (t + 1) ∈ S1, a) .

S �= Φ, A 3) ∀X∗ =
(x∗

1, · · · , x∗
n) ∈ S, f(X) Ω , ∃γ > 0,

X ∈ Ω ∩ {X : ||X − X∗|| � γ} ,

|f(X) − f(X∗)| <
ε

2
, Nγ(X∗) = {X ∈ R

n :

||X − X∗|| � γ}, Nγ(X∗) ∩ Ω ⊂ Q1.

P (t) S2 ,

X ∈ P (t), X 2.4 Step 3 ,

Z̄ = (z̄1, z̄2, · · · , z̄n), Z̄ 4

O = (o1, o2, · · · , on),

k = 1 ∼ n, ok para ok =

z̄k+(uk−lk)mk(1−sin(
πt

2T
)); ok (1−para)

ok = z̄k + (uk − lk)mk sin(
πt

2T
).

0 < ε1 < ε/3, x∗
k, x′

k ∈ [lk, uk], |x′
k −

x∗
k| < ε1, m′

k ∈ [
lk − z̄k

uk − lk
,
uk − z̄k

uk − lk
] x′

k =

z̄k + (uk − lk)m′
k(1 − sin(

πt

2T
)) x′

k = z̄k + (uk −
lk)m′

k sin(
πt

2T
) .

p(ok = x′
k) � 1

prand

, prand

[
lk − z̄k

uk − lk
,
uk − z̄k

uk − lk
]

.

Z̄ X∗ hamming h, , Z̄

X∗ (n − h) . P1(Z̄) = p{O ∈
Nγ(X∗) ∩ Ω} � (1 − pm)n−h(pm/prand)h > 0.

0 < (1 − pm)n−h(pm/prand)h < 1, P1(X̄) =
min

h∈[0,1,··· ,n]
{(1 − pm)n−h(pm/prand)h}. 0 <

P1(X̄) < 1. p21 P (t) S2 P (t+
1) S1 , p21 � P1(Z̄) �
P1(X̄). c = 1 − P1(X̄), 0 < c < 1, p21 +
p22 = 1, c p22 = 1 − p21 � 1 − P1(X̄) = c.

b) .

.

2 {P (t)} ,

P (0) Ω, X∗(t) P (t)
, X∗(t) = arg min{f(X) : X ∈ P (t) ∩ Ω},

A P{ lim
t→∞

f(X∗(t)) = f(X∗)} = 1.

∀ε > 0, pt = p{f(X∗(t)) − f(X∗)} �

ε,

pt =

{
0, ∃m ∈ {1, 2, · · · , t}, X∗(m) ∈ Q1,

p̄t, X
∗(k) /∈ Q1, k = 1, 2, · · · , t.

1 p̄t = P{X∗(k) /∈Q1, k = 1, 2,· · ·, t}=

p22 �ct.
∞∑

t=1

pt �
∞∑

t=1

ct =
c

1 − c
< ∞. Borel-

Cantelli , p{
∞⋂

i=1

⋃
t�i

{|f(X∗(t) − f(X∗))| �

ε}} = 0. .

4 (Experiments and

performance)
( SEA) 25

f1 ∼ f25(f1 ∼ f23 [10] f1 ∼ f23,

f24 f25 [5] f9 f12) ,

FEP[10], LEP[11], AMMO[12], OGA/Q[5]

.

1 SEA FEP, LEP

Table 1 Comparison between SEA , FEP and LEP

LEP(α = 1) FEP SEA

f1 0.010173 5.7e−004 2.13e−190

f2 NA 8.1e−003 4.00e−017

f3 172.245618 1.6e−002 1.19e−154

f4 NA 0.3 4.07e−040

f5 80.265797 5.06 2.10e−002

f6 NA 577.76 0

f7 NA 7.6e−003 2.45e−004

f8 −11433.1817 −12554.5 −12569.5

f9 24.398049 4.6e+002 0

f10 0.88504 1.8e−002 8.88e−016

f11 0.012899 1.6e−002 0

f12 0.000097 9.2e−006 2.79e−007

f13 0.004141 1.6e−004 2.51e−005

f14 NA 1.66 9.98e−001

f15 NA 5.0e−004 3.07e−004

f16 −1.028753 −1.03 −1.0316

f17 NA 0.398 3.98e−001

f18 3.183000 3.02 3.00

f19 NA −3.86 −3.86

f20 NA −3.27 −3.32

f21 −7.841831 −5.52 −1.02e+001

f22 −9.672865 −8.27 −1.04e+001

f23 −9.932785 −9.10 −1.05e+001

SEA : pm = 0.3, g0 =
2, λ = 1/10000, pop = 100, bm = 2, α =
min{3, Superi}, β = 0.5, 10 c1 =
0.5, c2 = c3 = 1, c1 = 0.35, c2 = 0.7,
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c3 = 0.85, 30 m = 1/50, ,

m = 1/5.

SEA .

1 SEA FEP, LEP .

2 SEA AMMO, OGA/Q .

, NA

, 50 .

1 SEA

LEP FEP .

2 AMMO ,

, SEA AMMO

; f5, f9, f12, f13, f25, f26SEA OGA/Q

. f1 ∼ f3, f11 f8SEA OGA/Q

. f4 f10OGA/Q

SEA .

2 SEA AMMO, OGA/Q

Table 2 Comparison between SEA , AMMO and

OGA/Q

SEA AMMO(b=1e−004) OGA/Q

f1 0 1.61e−006 0

f2 0 3.99e−003 0

f3 0 6.12e−001 0

f4 4.94e−324 3.23e−001 0

f5 2.10e−002 1.44e+002 7.250e−001

f8 −12569.5 NA −12569.4357

f9 0 11.90 0

f10 8.88e−016 9.43e−004 4.440e−016

f11 0 1.02e−006 0

f12 2.79e−007 NA 6.019e−006

f13 2.51e−005 NA 1.869e−004

f24 −78.33 NA −78.3000296

f25 3.90e−004 9.64 6.301e−003

, SEA

, .

5 (Conclusion)

SEA.

,

,

.

, ,

, .

, .

SEA . SEA 25

, 4 . SEA

, .
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