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ᴨ ѿ , KMTOAׅ ӎ

└ Ҍ [6].

ᴨ ῀ ṿ

, ῤ ῀ԅ ( )
ľ Ŀ ľῃ Ŀ ⱬ
[7]. : Rahnamayan ₮ Ӌ

(cuttlefish algorithm, CFA) Ӌ

└, №ҹ4ҩ ,ᶏ ᵬ

ҹῃ ᴨ , ԅ [8];
Chang≠ (particle swa-
rm optimization, PSO) , ⱳ ԅ ₱

ҩ ṿ ṿ [7]; Ṣ

ҍ ,ᶏ ҍᾧ ᴨלԑ ,
ҍ ₱ ᴨ ҉ [9];
₮ѿ ᴰ ҍ №

׆, ԅῃ

ҍ , ҉ ԅ
[10]. , Ҭ,

Ӟ ԅ , : [11] [12]№≢
ᴰ ԍ

῏ ⱬ ᴨ ; [13]Ҭ
№ № ԍ ֲ ꜚ

, ԅ ᴨ .

ԍ ᵬ ,
KMTOA ҍ ᴪ Ҭ ľ Ŀ ,

₮ԅѿ № ꜚ ᴨ

(weak linked multi-subpopulation kinetic-molecular th-
eory optimization algorithm, WLMS–KMTOA).

⌠Ҋ ҩ № ᴨҩᵣ

῀Ả , ₮Ҋ Ҭ ҩ

ᵣ ῀҉ ꜚ ץ, ꜚ

ṿ;҉ ᾧ ӟ , ᴨҩ

ᵣ ᾥ ҍ ӟ ᵬ,
Ḡ ⱬ. ᴏ ,ҍ (ant lion optimi-

zer, ALO) [14]ȁӋ (cuttlefish algorithm, CFA)
[8] ᴨ (optimal foraging algorithm, OFA)[15]

, WLMS–KMTOAΐ ᴨ ,
ғ Ẓ ₱ ₮

ᴨל.

2 KMTOA ῒῒῒ

2.1 KMTOA ῒῒῒ ᴨᴨᴨללל

KMTOA Ҭ ҩ№ ף Ҭ ѿ

ҩ . ῤ, № ѿץ Ạⱴ

ꜚ, ╠ ᴨҩᵣ ᵝ ꜚ ⱴ

ᵝ . KMTOA Ҭ,№ i ᵝ

Ὲ Ҋ:

Vi(t+ 1) = (ωH − ωL · t

T
) · Vi(t) + ai, (1)

Xi(t+ 1) = Xi(t) + Vi(t+ 1), (2)

ῒҬ: Vi iҩ№ , Xi iҩ№

ᵝ , ai iҩ№ ⱴ , ωH ωLҹ

. (1)Ҭai№ҹ3 ’: ⱬȁ ⱬ ꜚ,
№≢ Ҍ Ҋ‗ № ꜚ,ΐᵣ

Ὲ [1].

[1] : ҍ ᴨ

ᵣ ᴨ , KMTOA F1,
F2, F3, F4 F6 № ₱ ⌠ԅῃ

ᴨ , ₮ ᴨל. ҹ ῒᴨל

῀№ , ᾢ ԅץҊ .

1(a)ҹKMTOA Sphere₱ 500ף ԋ

№ ᵝ ,῍ 25000 (500 ∗ 50)ҩ№ , ᴨ

ᵝ (0, 0) , ץ ⌠№ ₮ ԅ ֲ

, ң ᵝ ҉֟ ԅ №

. ҹԅ ѿ № ֟ ľ Ŀ ,
1(b)–1(d) ԅKMTOA Ackly₱ №

ꜚ . 1(b)ҹ ∆ 100ҩ№ ᵝ ,
ץ ₮№ № Ҭ; 1(c)

⌠ №№ ᵝ

ꜚ , ԍ Ҭ ѿ ꜚ ᵬ,
№№ ₮ ῒ ; 1(d)ҹ
ף100⌠ף № № , ץ ⌠ҍ

1(c)₮ ԅ , ľ Ŀ

.

₱ , ң ₱ ᴪ₮ 1Ҭ
׆ ⌠ : 1 ₱ ҹ ᴨᵝ ᵝ

ԍ(0, 0, · · · , 0) ғ₱ ₱

; 2 ₱ ҹ №ῃ ᴨṿҹ0ғ
₱ . , KMTOA ῤ └

, ׆ ѿҩ ԅKMTOA ԍ

[1]Ҭ № ₱ ₮ᴨ

, KMTOA ῒ ᴨ

ᴨל.

2.2 KMTOA ҌҌҌ

№ KMTOA Ҭ, Ҋ₃ץ Ҍ :

1) KMTOA ҉ ľ Ŀ ΐ ѿ

ᴨל,ᵖӞ Ҍ . : Rosenbrock₱ ῃ

ᴨᵝ ҹ(1, 1, · · · , 1), ᴨ Ҭ

⌠(0, 0, · · · , 0) ₮ ṿ ,
1(e) [−3, 3] № ԋ ᵝ ,
ᵥ Ҍ ’Ҋ, ᾧ ľᾢ

Ŀ ῀ ṿ

῏ .
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αc(Eli) = (
N∑
j=1

Affinity(Elj))/Affinity(Eli), (13)

ῒҬ: Cҹᾥ ; Eliҹ ₮ ҩ

ᵣ; NҹҊ ҩ , Affinity(Elj)ҹ ҩᵣ

Elj ֪ ṿ. Ḡץ ᴨ ҩᵣ

ᾥ , Ḡ ⱬ .

2) ᾧ ӟ: ҩᵣ ᾧ ᾥ ,
Ḡ ⱬӊ , ᾟ№ ≠ ҩ

ᵣ. , ӟ └ ᾥ ҩ

ᵣ ץ, ⱬ:

P ′
id =


Pid +∆(t,

Xmax − Pid

m
), rand > σ,

Pid −∆(t,
Pid −Xmax

m
), ῒז,

(14)

Ҭ: σҹ ṿ, └ ; ∆(t, y) (y
Xmax − Pid

m

Pid − Pmax

m
) [0, y] ῤ

ѿҩ , mҹ . ∆(t, y)

Ҋ ӈ:

∆(t, y) = yη2(t), η2(t) = 1− r(1−t/T )b , (15)

Ҭ: rҹ[0, 1]ӊ № , bҹ .

4 WLMS–KMTOA
№ ꜚ ᴨ ΐᵣ

Ҋ:

Step 1 Ҋ Nҩ ∆ . ∆
,№≢ (3)–(5) ∆ .

Step 2 Ҭҩᵣ ṿ, ₮

╠ ᴨҩᵣXBest.

Step 3 While t < 500

For ҩ Ҭ ҩᵣSubi

∞ Ҭҩᵣ ȁ ȁ ꜚ ᴆ,

ҩᵣ ⱴ ;

№≢ (1) (2) №

ᵝ ;

Ҭ ᴨҩᵣ;

If t < 400

∞ ᴨҩᵣ Ả , Ả

↕ Step 4, ↕t = t+1, While;

Else If 400 < t < 500

,Sub1}׆ Sub2, Sub3}Ҭ ╠10ҩ

ҩᵣ, Step 5;

End If

End For

End While

Step 4 (7) ,
ῤ , ҩᵣ ↓,

ף ҩᵣ, ṿ, ᴨҩ

ᵣ, Step 3;

Step 5 ҩᵣ ᾧ ᾥ , ԍ (14)
ҩᵣ ӟ └, ᴨҩᵣ,

Step 3;

Step 6 , ₮ ᴨҩᵣ ῒ ṿ.

5 ҍҍҍ №№№

5.1
MATLABR2014a ᴏ , ҹ

WIN7 Ҋ Intel(R)Core(TM)i3 . ҹ
׆≢№, [1] [8]Ҭ 20ҩ

‰ ₱ ᵬҹ , :

ωH = β = 0.9, ωL = σ = 0.5, α = 0.4,

N = 3, NP = 50, T = 500, C = b = 2,

ρ0 = 1, γ = 0.01.

1ҬF1–F5ҹ ₱ ,ῒҬ: F2ҹ Ҍ

Sphere₱ , F3ҹ ₱ , F5ҹ ₱ ,
ғ ҹ100 ; 2ҬF6–F14ҹ ₱ ,

₱ ṿ ⱴ

, , ;
3ҬF15–F20ҹᵞ ₱ ,
ṿ ,ᵖ₱ ῃ ᴨ Ҍ 0

Ҍ ,ΐ ᴇṿ. №≢ ‰

№ ꜚ ᴨ ȁ ȁӋ ȁ

ᴨ ȁ № (enhancing differen-
tial evolution utilizing eigenvector-based crossover ope-
rator, DE–EIG)[20] Ԉ ᴨ (Competiti-
ve swarm optimizer, CSO)[21]ᵬҹ ץ,

ᴨ .

1
Table 1 Unimodal functions

₱ ᴨṿ

F1(x) =
D∑
i=1

x2i 100 [−100, 100] 0

F2(x) =
D∑
i=1

x2i 100 [−10, 190] 0

F3(x) =
D∑
i=1

|xi|+
D∏
i=1

|xi| 100 [−10, 10] 0

F4(x) =
D∑
i=1

(
i∑

j=1
xj)

2 100 [−100, 100] 0

F5(x) =
D∑
i=1

ix4i + rand 100 [−1.28, 1.28] 0
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2
Table 2 Multimodal functions

₱ ᴨṿ

F6 =
D−1∑
i=1

(100(x2i − xi+1)
2
+ (xi − 1)2) 100 [−50, 50] 0

F7 =
D∑
i=1

(⌊xi + 0.5⌋)2 100 [−10, 10] 0

F8 = 0.1{10sin2(3πx1) +
D−1∑
i=1

(xi − 1)2[1 + sin2(3πxi+1)]+

(xD − 1)2 + [1 + sin2(2πxD)]
D−1∑
i−1

(xi − 1)2}+
D∑
i=1

u(xi, 5, 100, 4)

100 [−10, 10] 0

F9 = −
D∑
i=1

(xi sin(
√

|xi|)) 100 [−500, 500] 0

F10 =
D∑
i=1

(x2i − 10 cos(2πxi) + 10) 100 [−5.12, 5.12] −41898.29

F11 = 20 + e− 20 exp(−0.2

√
1

n

D∑
i=1

x2i )− exp(
1

n

D∑
i=1

cos(2πxi)) 100 [−32, 32] 0

F12 =


sin2(πyi) +

D−1∑
i=1

[(yi − 1)2(1 + 10sin2(πyi + 1))] + (yi − 1)2(1 + sin2(2πyi))

yi = 1 +
xi − 1

4

100 [−10, 10] 0

F13 =
D∑
i=1

x2i
4000

−
D∏
i=1

cos(
xi√
i
) + 1 100 [−600, 600] 0

F14 =
D∑
i=1

(i× x2i ) 100 [−5.12, 5.12] 0

3
Table 3 2–D multimodal functions

₱ ᴨṿ

F15 = (x1 − x2)
2 + [(x1 + x2 − 10)/3]2 2 [0, 10] 0

F16 = − cosx1 cosx2 exp(−(x1 − π)2 − (x2 − π)2) 2 [−100, 100] 0

F17 =
5∑

i=1
i cos((i+ 1)x1 + i)

5∑
i=1

i cos((i+ 1)x2 + i) 2 [−10, 10] −186.7309

F18 = [1 + (x1 + x2 + 1)2(19− 14x1 + 3x21 − 14x2 + 6x1x2 + 3x22)]×
[30 + (2x1 − 3x2)

2(18− 32x1 + 12x21 + 48x2 − 36x1x2 + 27x21)]
2 [−2, 2] 3

F19 = (
1

500
+

25∑
j=1

1

i+
2∑

i=1
(xi − aij)

6

)−1 2 [−50, 50] 1

F20 = (x2 − 5.12

4π2
x21 +

5

π
x1 − 6)2 + 10(1− 1

8π
) cosx1 + 10 2

−5 6 x1 6 10

0 6 x2 6 10
0.3979

5.2 ‰‰‰₱₱₱ ҍҍҍ№№№

Ҭ, ҹ150,
ף ҹ500, 50 ⌠ ᴨ

ṿȁ ṿ ‰ 4–6 . ῒҬ, ᴨṿ

ṿ ԅ ⌠ , ‰

ԅ . 3ҩ :

1) KMTOAҍWLMS–KMTOA F1,F10,F11,F13

Ẓ ₱ ⌠ ᴨṿ0. F2ҹẒ

Sphere₱ ,ҍ Ẓ Sphere₱ F1 , KMTOA
ᴨ ҹҊ , WLMS–KMTOA
ᴨל. 2) CFA [6] (—
₱ ), Ҍ ₱ Ҍ

[6], CFA ȁ ,ᵖ
ӎ , , F6, F9 ₱

ᴨ ҉ ԍWLMS–KMTOA . 3) CSO
№₱ ҉ ᴨԍALO, OFA DE–EIG

,ᵖ F12 ₱ ҉ WLMS–
KMTOA ᵞ, DE–EIG F5, F8, F12҈ҩ₱

҉ ᴨԍWLMS–KMTOA ,ᵖWLMS–KM-
TOA ᵣ DE–EIG . 4) WLMS
–KMTOA F2, F6, F8 ₱ ,
№≢ KMTOA ALO 6ҩ .҉ץ

ҹWLMS–KMTOA ԅ ꜚ ᾧ

ӟ └,ΐ ₮ ṿ ᴨ ⱬ.
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4
Table 4 Experimental results on unimodal functions

₱ ᴇ ‰ DE–EIG CSO ALO CFA OFA KMTOA WLMS–KMTOA

ᴨṿ 4.448e+04 4.165e−03 1.618 1.183e−93 7.419e+03 0 0
F1 ṿ 4.910e+04 6.492e−03 7.986 4.908e−82 1.064e+04 0 0

‰ 8.691e+03 1.710e−03 2.866 1.675e−81 1.531e+03 0 0

ᴨṿ 1.072e+05 9.862e+01 6.320 5.928e+04 1.138e+03 1.862e−97
F2 ṿ 1.245e+05 1.153e+02 17.751 — 7.219e+04 1.555e+03 4.661e−05

‰ 8.945e+03 39.499 5.7224 5.592e+03 2.257e+03 1.064e–04

ᴨṿ 9.262e−36 8.153e−03 35.471 66.001 0 0
F3 ṿ 2.927e−34 1.213e−02 288.532 — 76.659 0 0

‰ 2.348e−34 1.625e−03 130.942 6.088 0 0

ᴨṿ 3.697e−69 1.794e−73 15044.8678 1.767e−06 0 0
F4 ṿ 1.394e−65 1.251e−71 22044.0259 — 1.291e−03 0 0

‰ 5.600e−65 1.805e−71 4140.0698 1.810e−03 0 0

ᴨṿ 1.513e−06 3.961e−03 0.2841 1.199e+01 1.274e−05 8.405e−07
F5 ṿ 2.126e−05 6.741e−03 0.5519 — 20.736 6.309e−04 3.519e−04

‰ 1.842e−05 1.095e−03 0.1464 4.636 6.138e−04 3.537e−04

5
Table 5 Experimental results on multimodal functions

₱ ᴇ ‰ DE–EIG CSO ALO CFA OFA KMTOA WLMS–KMTOA

ᴨṿ 1.034e+08 7.799e−05 2325.809 94.8486 8.510e+07 9.862e+01 1.317e−10
F6 ṿ 2.226e+08 7.897e−04 11900.115 96.5564 1.391e+08 9.873e+01 2.250e−04

‰ 6.024e+07 6.841e−04 10704.591 1.046 3.185e+07 6.387e−02 4.900e−04

ᴨṿ 7.420e+02 0 2.607e−02 106 0 0
F7 ṿ 9.822e+02 0 7.583e−02 — 144.9 0 0

‰ 9.622e+01 0 3.913e−02 17.623 0 0

ᴨṿ 0 3.783e+02 196.835 1.982e+07 4.761 4.452e−05
F8 ṿ 0 4.882e+02 231.863 — 6.249e+07 7.065 4.145e−04

‰ 0 1.553e+02 19.841 1.895e+07 9.604e−01 3.068e−03

ᴨṿ −8.730e+03 −4.189e+02 −18058.916 −2.091e+04 −1.170e+04 −3.115e+04 −4.091e+04
F9 ṿ −7.061e+02 −4.189e+02 −18058.916 −1.795e+04 −1.033e+04 −2.789e+04 −3.623e+04

‰ 1.764e+02 0 0 1.369e+03 4.88e+02 1.476e+03 2.276e+03

ᴨṿ 1.056e+03 0 152.469 0 9.321e+02 0 0
F10 ṿ 1.108e+03 0 209.202 0 1.006e+03 0 0

‰ 3.018e+01 0 46.286 0 2.551e+01 0 0

ᴨṿ 1.721e+01 1.708 4.263 3.553e−15 1.510e+01 0 0
F11 ṿ 1.782e+01 1.708 6.198 3.553e−15 1.683e+01 0 0

‰ 3.005e−01 0 1.131 0 4.904e−01 0 0

ᴨṿ 3.420e−23 0 13.027 1.576e+02 2.220 4.617e−11
F12 ṿ 1.245e−17 1.838e−32 22.730 — 1.876e+02 3.135 2.589e−06

‰ 4.065e−17 1.963e−32 5.315 1.474e+01 3.406e−01 6.023e−06

ᴨṿ 3.744e+02 2.123e−09 0.691 0 7.148e+01 0 0
F13 ṿ 4.440e+02 3.489e−07 1.010 0 9.930e+01 0 0

‰ 3.606e+01 4.116e−07 0.099 0 1.530e+01 0 0

ᴨṿ 0 1.728e−146 21.101 4.924e−90 7.441e+02 0 0
F14 ṿ 0 9.305e−141 42.509 2.866e−83 9.294e+02 0 0

‰ 0 2.944e−140 11.293 7.609e−83 1.164e+02 0 0
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6
Table 6 Experimental results on 2–D multimodal functions

₱ ᴇ ‰ DE–EIG CSO ALO CFA OFA KMTOA WLMS–KMTOA

ᴨṿ 0 0 1.566e−17 0 0 0 0
F15 ṿ 0 0 3.133e−15 0 1.358e−29 0 0

‰ 0 0 2.848e−15 0 2.532e−29 0 0
ᴨṿ −1 −1 −1 −1 −1 −1 −1

F16 ṿ −1 −1 −1 −1 −1 −1 −1
‰ 0 0 0 0 0 0 0
ᴨṿ −186.7309 −4 −186.7309 −186.7309 −186.7306 −186.7309 −186.7309

F17 ṿ −186.7309 −4 −186.7309 −186.7309 −186.7189 −186.7309 −186.7309
‰ 0 0 0 0 1.088e−02 0 0
ᴨṿ 3.600e+01 3 3 3 3 3 3

F18 ṿ 3.600e+01 3 3 3 3 3 3
‰ 0 0 0 0 0 0 0
ᴨṿ 1.999 500 1.9921 1 1.99999 1 1

F19 ṿ 3.748 500 1.9921 1 2.09989 1 1
‰ 3.450 0 0 0 0.29992 0 0
ᴨṿ 2.605 8.789 0.3979 0.3979 0.3979 0.3979

F20 ṿ 8.171 8.789 0.3979 — 0.3979 0.3979 0.3979
‰ 1.887 0 0 0 0 0

5.3 Wilcoxon
7 8 ₮ԅWilcoxon ,ῒ

Ҭ:ľR+Ŀ WLMS͡KMTOA ᴨԍ

ῒ6ז ;ľR−Ŀ ԍῒ6ז
. ң ғ

WLMS͡KMTOA ᴨ , ľ+Ŀ

( ӊ,↕ ľ−Ŀ );ľ=Ŀ ң

Ҍ [22]. 7–8 : DE–EIG
F5, F8 F12ΐ ᴨ ,ᵖWLMS–

KMTOA 13ҩ₱ ҉ ԅ ᴨ ;

CSO ֽ F12 , WLMS–

KMTOA 15ҩ₱ ԅ ; ALO,
CFA, OFA KMTOA ᴋᵥ₱

WLMS͡KMTOA . ,ҍῒז
, WLMS͡KMTOA ΐ ᴨ ,
׆ ѿҩ ԅ .

5.4 ẒẒẒ ₱₱₱ ҍҍҍ№№№

KMTOA №ԋ ₱ Ҭ ₮

, ѿ ᴨṿ

Ҍҹ0ȁ ᴨᵝ Ҍ ԍ(0, 0, · · · , 0) (30 )
Ẓ ₱ ᴨ .ҹԅ WLMS–KMTOA

ᴨᵝ Ҍᵝԍ(0, 0, · · · , 0) Ẓ ₱ ᴨ

, [23]Ҭ Ẓ ҍẒ

Ҍ Ẓ Ҋ ᴨ . 9 ,
Uk, Lk№≢ Ẓ ₱ ṿ,
SVҹẒ , SIҹẒ ₱Sphereץ, ҹᶛ

SV, SI: Ẓ ҹ5 , xi ѿ ҉ Ẓ

ҹ0.5× ((100− (−100))/2) = 50,₱ ᴨ (0,

0, · · · , 0)Ẓ ⌠(50, 50, · · · , 50) , Ҍ ,
₱ ᴨ ṿׅҹ0. Ẓ ₱ ᴏ

ҹ: ף 500 , ҩ 150ҩ,
50 .

4–6 ₱ ᵝ Ẓ ’Ҋ5
, 10ҹҌ Ẓ ’Ҋ, WLMS–KMTOA

KMTOA . 10 ,
׆ ᵣ҉ 6 ₱ Ҍ ᵝ Ẓ ’Ҋ, WLMS–
KMTOA KMTOA ᴨ ҉

, ᶏ Rosenbrock ₱ ,ׅ
ᴨ ; SI = 5 , WLMS–KMTOAҍ

KMTOA F1, F3, F13 ⌠ԅ ᴨṿ,ᵖWL-
MS–KMTOA Ҍֽ F4 ⌠ԅ ᴨṿ,ғ
F6, F11ңҩ₱ ҉ ᴨ Ӟ KMTOA .
ҹWLMS–KMTOA ԍ ,

ҩᵣ Ḥ ֜ ҹᾟ№,ғ ꜚ └

ԅ , ᾧԅ ᾢ ῀(0, 0, · · ·,
0) ᵝ ;ᾧ ӟ Ḡ

ԅ Ḡ ⱬ,ᶏ ҹ .
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7 50 Wilcoxon
Table 7 Wilcoxon signed ranks test based on 50 independent runs

₱
WLMS–KMTOA vs. DE–EIG WLMS–KMTOA vs. CSO WLMS–KMTOA vs. ALO

R+ R− winer p-value R+ R− winer p-value R+ R− winer p-value

F1 1275 0 + 1.21e−12 1275 0 + 1.21e−12 1275 0 + 1.21e−12
F2 1275 0 + 3.02e−11 1275 0 + 4.49e−13 1275 0 + 3.02e−11
F3 1275 0 + 1.21e−12 1275 0 + 1.21e−12 1275 0 + 1.21e−12
F4 1275 0 + 1.21e−12 1275 0 + 8.94e−14 1275 0 + 1.21e−12
F5 20 1255 − 1.77e−10 1275 0 + 1.18e−10 1275 0 + 3.02e−11
F6 1275 0 + 3.02e−11 1271 4 + 3.83e−06 1275 0 + 3.02e−11
F7 1275 0 + 1.25e−12 0 0 = 1.00e+00 1275 0 + 1.21e−12
F8 0 1275 − 1.21e−12 1275 0 + 6.73e−11 1275 0 + 3.02e−11
F9 1275 0 + 1.68e−12 1275 0 + 1.21e−12 1275 0 + 1.24e−09
F10 1275 0 + 1.21e−12 0 0 = 1.00e+00 1275 0 + 1.21e−12
F11 1275 0 + 1.21e−12 1275 0 + 1.69e−14 1275 0 + 1.21e−11
F12 0 1275 – 3.02e−11 0 1275 – 7.52e−12 1275 0 + 3.02e−11
F13 1275 0 + 1.21e−12 1275 0 + 7.37e−13 1275 0 + 1.21e−12
F14 0 0 = 1.00e+00 1275 0 + 7.37e−13 1275 0 + 1.21e−12
F15 0 0 = 1.00e+00 0 0 = 1.00e+00 1275 0 + 1.21e−12
F16 0 0 = 1.00e+00 0 0 = 1.00e+00 0 0 = 1.00e+00
F17 0 0 = 1.00e+00 1275 0 + 1.69e−14 0 0 = 1.00e+00
F18 1275 0 + 1.69e−14 0 0 = 1.00e+00 0 0 = 1.00e+00
F19 1275 0 + 8.72e−07 1275 0 + 1.69e−14 1275 0 + 1.69e−14
F20 1275 0 + 6.12e−14 1275 0 + 1.69e−14 0 0 = 1.00e+00

+/−/= 13/3/4 15/1/4 16/0/4

8 50 Wilcoxon
Table 8 Wilcoxon signed ranks test based on 50 independent runs

₱
WLMS–KMTOA vs. CFA WLMS–KMTOA vs. OFA WLMS–KMTOA vs. KMTOA

R+ R− winer p-value R+ R− winer p-value R+ R− winer p-value

F1 1275 0 + 2.49e−12 1275 0 + 1.86e−14 0 0 = 1.00e+00
F2 1275 0 + 3.43e−11 1275 0 + 3.01e−11
F3 1275 0 + 4.69e−13 0 0 = 1.00e+00
F4 1275 0 + 8.69e−13 0 0 = 1.00e+00
F5 1275 0 + 6.39e−12 1266 9 + 2.65e−11
F6 1275 0 + 3.02e−11 1275 0 + 3.02e−11 1275 0 + 3.02e−11
F7 1275 0 + 1.21e−12 0 0 = 1.00e+00
F8 1275 0 + 1.28e−12 1275 0 + 2.98e−11
F9 1275 0 + 7.21e−12 1275 0 + 7.14e−12 1270 5 + 3.18e−11
F10 0 0 = 1.00e+00 1275 0 + 1.21e−12 0 0 = 1.00e+00
F11 1275 0 + 1.69e−14 1275 0 + 1.21e−12 0 0 = 1.00e+00
F12 1275 0 0 3.02e−11 1275 0 + 3.02e−11
F13 0 0 = 1.00e+00 1275 0 + 1.21e−12 0 0 = 1.00e+00
F14 1275 0 + 1.69e−14 1275 0 + 1.21e−12 0 0 = 1.00e+00
F15 0 0 = 1.00e+00 1275 0 + 6.18e−10 1275 0 + 1.21e−12
F16 0 0 = 1.00e+00 0 0 = 1.00e+00 0 0 = 1.00e+00
F17 0 0 = 1.00e+00 0 0 = 1.00e+00 0 0 = 1.00e+00
F18 0 0 = 1.00e+00 0 0 = 1.00e+00 0 0 = 1.00e+00
F19 0 0 = 1.00e+00 1275 0 + 1.69e−14 0 0 = 1.00e+00
F20 0 0 + 1.00e+00 0 0 = 1.00e+00

+/−/= 5/0/7 16/0/5 6/0/14
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Table 9 Shift index and shift value

SI 1 2 3 4 5 6

SV 0.05× Uk − Lk

2
0.1× Uk − Lk

2
0.2× Uk − Lk

2
0.3× Uk − Lk

2
0.5× Uk − Lk

2
0.7× Uk − Lk

2

10
Table 10 Functions test results on different shift index

F1 F3 F4 F6 F11 F13

ṿ ‰ ṿ ‰ ṿ ‰ ṿ ‰ ṿ ‰ ṿ ‰

SI=1
A 1.16e−1 7.44e−2 2.08e−1 8.74e−2 150.21 5.75e+2 31.11 7.97 9.05e−1 8.97e−1 1.74e−1 8.36e−2
B 3.43e−6 8.47e−6 6.47e−4 6.77e−4 1.33e−3 1.80e−3 1.19e−4 2.02e−4 4.08e−5 3.51e−5 2.26e−3 5.70e−3

SI=2
A 5.86e−1 4.00e−2 1.61e−1 6.83e−2 764.02 1.71e+3 2.68e+2 9.34e+2 1.45e−1 2.34e−1 1.38e−1 6.34e−2
B 7.55e−5 1.06e−4 1.85e−4 2.37e−4 2.17e−2 3.36e−2 9.52e−4 1.29e−3 1.53e−4 1.18e−4 7.22e−3 1.50e−2

SI=3
A 2.40e−2 2.75e−2 1.40e− 6.50e−2 2785.6 2.54e+3 2.45e+2 9.59e+2 3.76e−2 2.31e−2 6.35e−2 6.04e−2
B 3.86e−4 9.16e−4 6.35e−4 7.00e−4 1.33 1.91 5.22e−3 9.42e−3 4.99e−4 4.28e−4 1.67e−3 3.48e−3

SI=4
A 9.02e−3 8.54e−3 1.39e−1 1.26e−1 3.76e+3 2.43e+3 4.19e+1 1.55e+2 2.23e−2 1.34e−2 5.04e−2 4.95e−2
B 1.80e−4 2.93e−4 9.79e−4 9.36e−4 5.02e−2 9.29e−2 2.42e−3 3.94e−3 5.63e−4 5.65e−4 2.27e−3 3.45e−3

SI=5
A 0 0 0 0 5.56e+3 2.15e+3 1.07e+2 5.03e+2 8.88e−16 0 0 0
B 0 0 0 0 0 0 9.38e−4 5.38e−3 2.14e−18 1.29e−18 0 0

SI=6
A 9.75e−2 9.34e−2 3.43e−1 2.14e−1 3.95e+3 1.02e+3 2.65e+2 4.81e+2 4.83e−1 6.06e−1 1.87e−1 1.28e−1
B 1.01e−6 2.43e−6 8.73e−4 8.83e−4 2.96 1.99 1.19e−3 2.36e−3 4.69e−4 3.57e−4 1.55e−4 2.76e−4

: A KMTOA, B WLMS–KMTOA.

6 Ẓ ₱ : Ҍ ₱

ᵝ Ẓ ’Ҋ, KMTOA Ҋ

ҹ , ῒ SI = 6 , KMTOA
№ ,ῒ ԍ, ԍẒ ₱ , KMTOA
ᴨ Ҭ ԍ 1 ҌῬ ⌠῏

ᵬ , ҩ№ ҍ ᴨҩᵣ Ḥ Ҍ

Ӟ€ ₮ ,ᶏ ⌠ .
WLMS–KMTOA ԍ ,
ԅ Ҭҩᵣҍҩᵣ Ḥ ֜ԑ,ᴨ ҩᵣӞ

⌠ԅ ≠ , SI = 6 , ׅ

,ғ ף ῤ, KMTOA ץ

⌠ ᴨṿ, WLMS--KMTOA ᴨԍKMTOA
, WLMS–KMTOA ₮ ᴨ

ⱬ KMTOA , ≠ԍ ‗ ᴨ

.

ҹ KMTOA SI = 5
Ẓץ, ҹ5 Sphere₱

, 7 8 , KMTOA № ԋ
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(a) KMTOA Sphere₱ (b) KMTOA Rosenbrock₱
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