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Performance Evaluation for Biology-inspired Optimization Algorithms
Based on Nonparametric Statistics
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( Aeronautics and Astronautics College, Air Force Engineering University, Xi'an 710038, China)

Abstract: Aimed at the problems that the biology-inspired optimization algorithms are of oneness, one-sid-
edness and fail to check and analyze uniformly the performance evaluation, thus having a strong impact on
the intensive study for performance of the optimization algorithms and failing to solve practical problems
accurately, two classical nonparametric statistics methods named Wilcoxon Sign Rank test and Quade test
are utilized for testing and analyzing the simulation results of five different BOAs under the conditions of
thirty-six different test functions. The experimental results show that the two test methods can be used ef-
fectively to compare and analyze the optimization performances of different optimization algorithms. JADE
algorithm is most superior in convergence speed and search accuracy compared with the other four algo-
rithms, whereas, GWO has comparatively superior performance in the aspect of stability compared with
other four algorithms. And this provides a new idea for evaluating and comparing the performances of dif-

ferent BOAs.
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Tab.1 Thirty-six benchmark test functions

Wi k2l RE Y BEK R
Fl Ackley MN 30 [—32.32] 0

F2 Alpine MS 30 [—10,10] 0

F3 Bird MN 2 [—2n,21] —106.764 537
Fi Camel6 MN 2 [=5.5] —1.0316
F5 Colville MN 4 [—10,10] 0

F6 Cross-in-tray MN 2 [—-10,10] —2.062 612 18
F1 Cube UN 2 [=10,10] 0

F8 Dixon&:Price UN 30 [—-10,10] 0

F9 Easom MS 2 [—100,100] -1
Fl10 De Jong's 4 MN 30 [—1.28,1.28] 0

Fl1 Trigonometric2 MN 30 [—500,500] 1

F12 Foxholes MS 2 [—65.536,65.536] 0.998 004
F13 Goldstein Price MN 2 [—2,2] 3

Fl4 Giunta MS 2 [~1.1] 0.060 447 04
F15 Griewank MN 30 [—600,600] 0

F16 Hartman6 MN 6 [0,1] —3,322 36
F17 Himmelblau MN 2 [=5,5] 0

F18 Langerman MN 5 [0,10] =15
F19 Leon UN 2 [-1.2,1.2] 0

F20 Matyas UN 2 [—10.10] 0

F21 Michalewics MS 2 [0,x] —1.8013
F22 Michalewics MS 5 [0,x] —4,687 658
F23 Michalewics MS 10 [0,7] —9.660 15
F24 Pen Holder MN 2 [-11,11] —0.963 54
F25 Powell UN 2 [—4,5] 0

F26 Powersum MN 4 [0,4] 0

F27 Quartic Us 30 [-1.28,1.28] 0

F28 Rosenbrock UN 30 [—30,30] 0

F29 Rotated Hyper MN 30 [—65.536,65.536 ] 0

F30 Schafferd UN 2 [—100,100] 0.292 579
31 Schaffer MN 30 [—100,100] 0

F32 Schwefel2.21 US 30 [—100,100] 0

F33 Shekel5 MN 4 [0,10] —10.153 2
F34 Sphere S 30 [—100,100]

F35 Sum Squares Uus 30 [—5.12,5.12] 0

F36 Sum Powers Us 30 [-1.1] 0
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Tab.2 Optimization results of five algorithms for optimizing thirty-six test functions
Sta. F CLPSO ABC CK GWO JADE F CLPSO ABC CK GWO JADE
M 1 TA6E-15 3.22E-14 3.85E-02 T11E-15 6.21E-02 19 1.48E-32 6.73E-03 1.87E-20 6.43E-11 0.00E-00
S 1.08E-15 3.84E-15 2.11E-01 0.00E-00 2.36E-01 8.10E-32 8.22E-03 4.64E-20 2.25E-10 0.00E-00
M 9 2.81E-05 7.54E-16 1.64E-00 3.08E-52 3.48E-16 90 3.09E-52 1.29E-16 1.23E-25 8.56E-53 1.94E-54
S 1.52E-05 1.99E-16 5.81E-01 1.69E-51 4.41E-16 1.69E-51 1.47E-16 2.84E-25 1.69E-52 1.06E-53
M 3 —106.76 —106.76 —106.76 —106.76 —106.76 91 —1.82E-00  —1.82E-00 —1.82E-00 —1.82E-00 —1.82E-00
S 3.08E-14 3.39E-14 5.05E-14 1.26E-08 4.34E-14 9.034E-16 7.12E-16 9.03E-16 1.39E-10 9.03E-16
M A —1.03E-00  —1.03E-00 —1.03E-00 —1.03E-00 —1.03E-00 99 —4.69E-00  —4.69E-00 —4.69E-00 —4.65E-00 —4.69E-00
S 4.51E-16 4.46E-16 4.52E-16 7.05E-13 4.52E-16 7.86E-16 7.56E-16 6.37E-14 2.94E-08 7.53E-03
M 5 0.98E-03 0.38E-01 L17E-07 1.56E-00 0.00E-00 93 —9.66E-00 —9.66E-00 —9.32E-00 —8.29E-00 —9.65E-00
S 1.38E-03 5.78E-02 4.06E-07 1.84E-04 0.00E-00 ’ 3.30E-16 8.73E-16 1.53E-01 1.01E-06 1.85E-02
M 6 —2.06E-00  —2.06E-00 —2.06E-00 —2.06E-00 —2.06E-00 9 —0.96E-00 —0.96E-00 —0.96E-00 —0.96E-00 —0.96E-00
S 9.03E-16 9.03E-16 1.08E-15 4.99E-12 9.03E-16 0.00E-00 0.00E-00 2.62E-16 1.43E-11 0.00E-00
M 7 1.95E-30 3.95E-03 6.52E-09 1.23E-10 0.00E-00 95 2.12E-03 3.71E-03 1.91E-05 5.15E-12 8.31E-08
S 1.07E-29 6.50E-03 2.59E-08 3.48E-10 0.00E-00 6.92E-04  4.458E-05 6.71E-05 2.09E-12 1.47E-07
M 8 0.40E-00 1.28E-14 6.67E-01 6.67E-01 6.67E-01 2% 3.21E-04 4.61E-03 4.38E-04 1.30E-05 6.74E-15
S 0.28E-00 345E-14 9.03E-15 9.75E-10 0.00E-00 2.49E-04 34TE-03 4.79E-04 5.89E-06 1.46E-14
M 9 —0.03E-00  —0.03E-00  —1.00E-00 —1.00E-00 —6.67E-02 97 3.12E-03 0.11E-00 6.03E-04 1.41E-05 7.02E-04
S 0.18E-00 0.18E-00 4.32E-13 8.33E-11 2.54E-01 8.27E-04 1.98E-02 2.66E-03 2.01E-05 2.35E-04
M 10 2.34E-52 1.68E-16 3.31E-52 2.78E-52 2.42E-52 2 3.41E-00 0.27E-00 3.69E-01 2.71E+01 0.93E-00
S 1.28E-51 5.26E-17 1.81E-51 1.52E-51 1.33E-51 5.24E-00 0.52E-00 8.52E-01 3.87E-03 1.71E-00
M 1 0.90E-00 1.00E-00  4.79E+01  4.80E+01  4.19E-01 90 2.51E-40 4.75E-16 8.21E-46 2.39E-52 3.10E-52
S 0.30E-00 4.91E-16 LISE+01 5.08E-02 7.17E-01 2.13E-40 6.23E-17 1.89E-45 1.314E-51 1.70E-51
M 12 0.99E-00 0.99E-00 0.99E-00 L.O7TE+01  0.99E-00 30 0.29E-00 0.29E-00 0.29E-00 0.29E-00 0.29E-00
S 0.00E-00 0.00E-00 3.72E-16 3.64E-14 0.00E-00 0.05E17 7.13E-10 8.13E-09 6.47E-11 5.65E-17
M 13 3.00E-00 3.00E-00 3.00E-00 3.00E-00 3.00E-00 31 3.86E-02 0.24E-00 7.73E-02 9.72E-03 4.27E-03
S ’ 1.24E-15 1.34E-04 L7T7E-15 4.428E-10 L77TE-15 ’ 7.48E-03 4.78E-02 1.84E-02 8.26E-15 1.42E-02
M 1 6.44E-02 6.45E-02 6.45E-02 6.45E-02 6.45E-02 39 0.49E-00 6.61E-03 1.39E-01 2.T4E-52 1.71E-02
S 5.65E-17 6.67E-17 5.65E-17 5.T1E-13 0.04E-17 8.42E-02 1.89E-02 2.61E-01 1.50E-51 2.67E-02
M 15 0.00E-00 2.47E-04 0.00E-00 2.81E-00 4.26E-03 33 —7.89E-03 —2.58E-03 —1.02E+01 —1.02E+01 —3.01E-04
S 0.00E-00 1.35E-03 0.00E-00 1.12E-04 8.63E-03 1.38E-02 1.76E-18 2.06E-13 3.14E-07 2.76E-19
M 16 —3.04E-00  —3.04E-00 —3.04E-00 —2.98E-00 —3.02E-00 3 5.95E-41 4.56E-16 1.57E-46 1.67E-52 2.53E-52
S 1.37E-15 1.36E-15 1.36E-15 1.13E-06 3.06E-02 4142E-41 7.84E-17 1.64E-46 9.24E-52 1.39E-51
M 17 2.63E-32 3.64E-18 1.72E-13 2.53E-10 2.10E-31 35 1.46E-42 4.21E-16 7.134E-48 2.99E-52 3.22E-52
S 1.44E-31 3.18E-18 2.26E-13 6.46E-10 3.95E-31 1.08E-42 9.26E-17 9.46E-48 1.64E-51 1.76E-51
M 18 —1.49E-00 —1.31E-00 —1.49E-00 —1.49E-00 —1.37E-00 36 1.29E-52 3.08E-17 2.83E-52 59.23E-53 2.46E-52
S 6.78E-16 2.68E-01 1.74E-05 4.21E-09 0.24E-00 7.10E-52 1.03E-17 1.55E-51 2.87E-52 1.35E-51
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WS R R E T BTS2 Ao 58 3% — J5 ¥ 58 B
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Tab.3 The results of Wilcoxon sign rank test

CLPSO vs JADE ABC vs JADE CK vs JADE GWO vs JADE
f p-value R" R~ win p-value R" R~ win p-value R" R~ win p-value R*" R~ win
1 8.6695E-03 7 39 + 3.1731E-04 406 59 + 1.5247E-01 3% 8 = 1.0623E-02 153 37 +
2 1.7344E-06 465 0 4.8969E-04 402 63 + 1.7344E-06 465 0+ 3.1468E-04 1 152 —
3 5.3373E-07 351 0+ 4.5928E-06 231 0+ 1.5165E-06 465 0 + 9.0256E-07 465 0+
4 1.0000E-00 0 0o = 1.0000E-00 1 0 = 1.0000E-00 1 0 = 3.3221E-07 465 0+
5 1.7344E-06 465 0 + 1.7344E-06 65 0 + 1.7344E-06 465 0 + 1.7279E-06 65 0+
6 1.0000E-00 0 0 = 1.0000E-00 0 0 = 3.9063E-03 45 0 + 1.2350E-06 465 0+
7 1.0000E-00 1 0o = 1.7344E-06 465 0+ 1.7344E-06 465 0+ 9.0382E-07 465 0 +
8 3.8542E-03 92 3713 — 1.7235E-06 0 465 — 4.8828E-04 0+ 1.7344E-06 465 0+
9 1.0000E-00 0 0 = 1.0000E-00 1 0 = 1.7279E-06 465 0+ 7.8866E-07 465 0+
10 1.0000E-00 1 2 = 1.7344E-06 465 0+ 1.0000E-00 2 1 = 1.0000E-00 2 1 =
11 6.9564E-04 243 33+ 2.5149E-04 409 56 + 1.7344E-06 465 0+ 1.7344E-06 465 0+
12 1.0000E-00 0 0 = 1.0000E-00 1 0 = 1.0615E-06 465 0+ 4 1427E-07 465 0+
13 9.1553E-04 1 7 + 1.1279E-04 285 15 + 1.7389E-05 300 0+ 1.6976E-06 465 0+
14 2.5135E-01 70 120 = 3.8770E-01 5220 = 4,8828E-04 8 0 + 1.6065E-06 465 0
15 7.8125E-03 0 36 - 1.3113E-01 39 97 = 7.8125E-03 0 36 - 1.7344E-06 465 0
16 1.0000E-00 0 0 = 4,8828E-04 0o 78 + 4,8828E-04 0 78 - 1.7344E-06 465 0
17 3.9063E-02 5 40 — 1.7344E-06 465 0+ 1.7344E-06 465 0+ 2.6136E-07 465 0+
18 1.5625E-02 0 28 - 1.1138E-03 391 74+ 3.7094E-01 276 189 = 3.6920E-01 276 189 =
19 1.0000E-00 1 0 = 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.0144E-07 465 0+
20 1.0000E-00 2 1 = 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.0000E-00 2 1 =
21 1.0000E-00 1 0 = 3.4142E-07 310+ 1.0000E-00 0 0 = 1.9773E-07 465 0 +
22 2.9602E-02 98 22 + 3.3667E-01 0 3 = 9.5156 E-05 351 21 + 1.6106E-06 465 0+
23 3.0092E-01 8 132 = 1.4063E-01 84 170 = 1.7344E-06 465 0+ 1.7105E-06 465 0+
24 1.0000E-00 1 0o = 1.0000E-00 1 0 = 1.9531E-03 5 0 + 9.9323E-07 465 0+
25 1.7344E-06 465 0 + 1.7344E-06 65 0 + 1.7344E-06 465 0 + 1.7344E-06 0 465 —
26 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.7344E-06 465 0+
27 1.7344E-06 465 0 + 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.7344E-06 0 465 —
28 8.2167E-03 361 104 + 3.7094E-01 276 189 = 1.6503E-01 300 165 = 1.7344E-06 465 0 +
29 1.7344E-06 465 0+ 1.7344E-06 465 0 + 1.7344E-06 465 0+ 1.0000E-00 1 2 =
30 1.0000E-00 1 0 = 8.0914E-07 465 0 + 1.7344E-06 465 0+ 1.7084E-06 465 0 +
31 1.1748E-02 355 110 + 1.7344E-06 465 0 + 6.9838E-06 451 14 + 1.7344E-06 0 465 —
32 1.7344E-06 465 0+ 3.0861E-01 183 282 = 3.8723E-02 333 132 + 1.7344E-06 0 465 —
33 1.7344E-06 0 465 — 4.3205E-08 0 465 + 1.7344E-06 465 0+ 1.2826E-06 0 465 —
34 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.0000E-00 1 2 =
35 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.7344E-06 465 0+ 1.0000E-00 1 2 =
36 1.0000E-00 1 2 = 1.7344E-06 465 0+ 1.0000E-00 2 1 = 1.0000E-00 2 0 =
+/=/- 16/15/5 24/11/1 27/7/2 23/7/6

F AT 30 WAL IBAT G & B R 36 N Y& 5, JADE & s ae A, Hk 4l A CLP-
R BN AL 5 B - 38 B AR B F 4 2 ) Quade SO # i CK B .GWO B, ABC 55 5 4 X 4 g
Ko ah B, MR 4 sl LLAE W 78 S0 B &% 38 R T 22 5 7R3 2RO BE R e 1k 1, GW O B3k 1 e i
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£t Bk 4393 > JADE &3, CLPSO .3 . ABC &

P, CK Bk fE X — i R i 2%
F 4 Quade I LHEF
Tab.4 Results of Quade test

Ranks CLPSO ABC CK GWO JADE
2.7245E+00  3.3904E+00  3.0818E+00  3.0901E+00  2.7132E-+00
S; e
. 2 5 3 4 1
e —1.8350E+02  2.6000E+02  5.4500E-+01  6.0000E+01 —1.9100E+02
T, HF
2 5 3 4 1
2.9324E+00  3.1224E+00  3.4227E+00  2.6517E-+00  2.8709E-00
S; HeF
R 3 4 5 1 2
o S —4,5000E+01  8.1500E+01  2.8150E+02 —2.3200E+02 —8.6000E-+01
; HER
3 4 5 1 2

3 4EE

Bl AT 0 RO R R AR S B A
AW IR A AR E R (PR RE L BE Z A5 3 TR
ST R AT ) SR, T 55 22 0 Rz ) 5k pR AR 2 A A
Wit Z . TR 00T, e v L 5 b A R0
TR £ A A0 8 1 0 00 Ak 1k B8 W Ry — A Y )
PP, ASCER T RS R AR S S T 2
KA Ty 1 Wilcoxon £ 5 BR K 56 Al Quade #5345,
53 5 DA B T LB R 22 2 L A A BE R R 5
PO R A= ) & AR A BB L 7R 36 AR [R5 AL Y
D oR BT B PR REEAT T LB T, SRR A5 SR R T,
JADE B34 L T 3 & U A B8 3, A0 Wi S50 B A 49
NG R, 1 GWO Bk AER B e v
JHAR T HE 4 ME kR PERE .

ARICNVE A a K A B i R At T
B R B L S S e R X LAk B A A Y A R
WAl A B AESE G T R R 5k 1 45
KA BE #E AT PF 4 3 AT, B A0 AF 5 A 56 | Fried-
man 5 55 5 ¥ .
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