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Population Distribution-based Self-adaptive Differential Evolution Algorithm

LI Zhang-wei and WANG Liu-jing

College of Information Engineering,Zhejiang University of Technology, Hangzhou 310023, China

Abstract Differential evolution is a simple and powerful heuristic global optimization algorithm. However, its performance is
strongly influenced by the differential evolution strategies and the value of control parameters. Inappropriate strategies and pa-
rameters may lead the algorithm fall into premature convergence. Aiming at the problem about selection of strategies and parame-
ters in search process of differential evolution,a population distribution-based self-adaptive differential evolution algorithm was
proposed. Firstly.the adaptive factor is established for measuring the distribution of the current population,and the evolution
stage of the algorithm can be further determined adaptively. Then,according to the characteristics of different evolution stages,
the stage-specific mutation strategies and control parameters are designed, the self-adaptive mechanism is also designed in order to
realize dynamic adjustment of strategies and parameters,to balance the global detection and local search capabilityof the algo-
rithm,and improve the search efficiency of the algorithm. Finally, the proposed algorithm is compared with six main-stream dif-
ferential evolution variants. The numerical experiments of fifteen typical test functions show that the proposed algorithm is supe-
rior to six main-stream differential evolution variants in terms of the measures of the average function evaluation times, solution
accuracy and converge velocity. Therefore,the computational cost,optimization performance and convergence performance of the
proposed algorithm can be proved to be more advantageous.
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Table 1 Benchmark functions
B A4 HFERK R HENE A B & AR
Sphere fi(o= %x',z [—100.,100] 0
i=1
N
SumSquares fo ()= 2 izt [—10,10] 0
i=1
Schwefel2. 22 f3()= b [ ;14 i |2 | [—10,10] 0
i=1 i=1
N
Exponential f4(ax)=—exp(—0.5 2;1',2) [—1.1] 0
i=1
Table Li () =1002% 4 3 2 [—100.100] 0
i=2
Step fel)= b Lx;+0.5 % [—100.100] 0
i=1
N N N
Zakharov fr() =222+ 2 0.5ix)%+ 2 (0. 5ix)" [—5,10] 0
i=1 i=1 i=1
1
.- (o)=1+ — 11 (=i
Griewank fa(x 4000 Z‘ 1 cos N3 [—600,600] 0
R o2 “~1,‘72 (o 182
Levy and Montalvo 1 fo(2) =n(10sin (rry|)/n+’%1(), 17 (1 +10sin® (xy; 1)) +(y, — D", [—10,10] 0
y;=140.25(z;+1
Levy and Montalvo 2 f10 () =0.1{ sin® Brzn) + 3 (s — 12 (1 +sin? e + 1) + (, — D2 (1 +sin (27, ))) [—2.2] 0
i=1
Ackley S11(x)=—20exp(—0.2 D %) cxp(% ﬁ cos(2nx;))+20+e [—30.,30] 0
Nii=1
Froo =24 l()sin2(Ny,)+l()sinz(1ry,-)Ayil(y,-*1)2[1+105in2(7ry, CO+
Penalized 1 ’ [—50,50] 0
(yn—D? +Zu(1, 10,100.4)
f13 () =0. 1<sin2<3m1>+'\§l<x,71)2[1+sin2(3m,,1>]+
Penalized 2 ! y [—50.50] 0
(an—D?[1+sin® Qray) 1)+ 2 ula;5,100,4)
i=1
Neumaier3 S ()= Z\: (1‘,»*1)2* Z\: x,x w [—900,900] 0
i=1 i=2

N
Alpine f15(x0) = 23 | 2;sinx; +0. 1x; | [—10.10] 0
i=1
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Table 2 Function evaluations and success rates

w4 SHADE DELU EPSDE SaDE JADE CoDE PDSDE
oK FES SR FES SR FES SR FES SR FES SR FES SR FES SR
fi30 2.35%x10"  1.00 1.22x10" 1.00 1.67x10" 1.00 2 03x10' 1.00 2.36x10" 1.00 4,02x10" 1.00 1.10x10* 1.00
fy 30 2.16x10' 1.00 1,07x10" 1.00 1,51x10* 1.00 1.84x10' 1.00 2 16x10' 1.00 3.63x10" 1.00 9.80x10% 1.00
fy 30 3.42x10* 100 3.15x10* 1.00 2.32x10* 1.00 2.44x10* 1.00 3.58x10* 1.00 5.64x10* 1.00 1,53x10* 1.00
fi 30 1.67x10" 1.00 7.98x10° 1.00 9.36x10° 1.00 1.10x10' 1.00 1.34x10" 1.00 2.24x10" 1.00 6.30x10° 1.00
f5 30 2.67x10" 1.00 2.55x10" 1.00 1.83x10" 1.00 2. 11x10' 1.00 2.70x10" 1.00 4.13x10" 1.00 1.21x10* 1.00
fe 30 1.19x10" 1.00 1.16x10" 1.00 8.33x10° 1.00 1.07x10' 1.00 1.18x10' 1.00 2.01x10" 1.00 5.25x10% 1.00
fr 30 5.98x10' 1.00 7.71x10" 1.00 1,33x10° 1.00 1,37x10° 1.00 5.61x10" 0.97 7.80x10" 1.00 4.90x10% 1.00
fg 30 2.56x10* 1.00 1.54x10* 1.00 1.76x10% 0.83 2.17x10* 0.73 2.69x10* 0.97 4.39x10% 1.00 1.38x10* 1.00
fo 30 1.67x10* 1.00 1.05x10* 1.00 1.30%x10* 1.00 1.23x10* 1.00 1.73x10* 1.00 2.63x10* 1.00 8.70x10% 1.00
f10 30 1.71x10" 1.00 8.71x10° 1.00 1.15x10' 1.00 1.29x10' 1.00 1.74x10" 1.00 2.70x10" 1.00 8.90x10° 1.00
Sii 300 3.21x10%  1.00  2.65x10* 1.00 2.32x10* 1.00 3.05%x10* 0.93 3.31x10* 1.00 5. 68x10* 1.00 1.58x10* 1.00
fi2 30 1.92x10" 1.00 9.17x10°% 1.00 1.29%x10' 1.00 1.49x10" 1.00 1.97x10" 1.00 3.03x10" 1.00 1,08x10" 1.00
f13 30 1.50x10" 100 1.52x10" 1.00 1.59x10' 0.97 1.74x10" 0.87 2.24x10" 1.00 3.54x10" 1.00 1,26x10% 1.00
fie 30 1,09x10° 1.00 1.68x10° 0.97 NA 0.00 NA 0.00 8.07x10* 1.00 2.69x10° 1.00 1,21x10° 1.00
f15 30 NA 0.00 NA 0.00 1.00X10° 1.00 7.26x10* 1.00 1.60x10° 1.00 NA 0.00 1.54x10% 1.00
FHME 4.86x100 0.933 4.87Xx10" 0.931 4,79x10"  0.92  4,84x10" 0.902 3,78x10" 0.996 7,22x10" 0.933 2. 29x10" 1.000
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Table 3 Performance of optimization results
B 4 SHADE DELU EPSDE SaDE JADE CoDE PDSDE
’*f( #( Mean error Mean error Mean error Mean error Mean error Mean error Mean error
¥
(Std) (Std) (Std) (Std) (Std) (Std) (Std)

p 20 2.87x10 1 9.25x 10~ ¥ 3.87x10 % 1.29x10 % 3.01x10 % 2.16X 101 1.73x10 %
J1 < 0 _ . _oq —9 . —

(2.31x10° 1) (2.99x10736) (9.46x10 %1 (3.07X10° %) (8.74x10 2%) (1.73x10° 1% (3.73x10 %)
s 20 1.40x 10 % 2.56x10 % 5.52x10 %! 6.59x10 2° 1.16x10" % 2.83x10 ! 1.98x 1073
2 P P or P

(3.25%10°%%) (4.00%X10 %) (1.94X10 3%) (8.39%X10 %) (1.59%x10 2H) (2.61x10 1) (2.34x1073)
’ 20 4.98x10 1 1.46x10 ! 1.29x10 6 8.70x10 !¢ 3.11x10 1 3.86x10 ¢ 2.45x 10718
J3 q —

(2.39x10 1% 1.23x10 ' 2.15x10 %) (5.17x10 %) (3.36x107 1% (1.32x10 ") (2.51x107 ')
p " 1.07x10° Y7 0.00x 10*00 0.00x10+00 0.00x10+00 0.00x 1000 1.30x10 0.00x10*00
Jgq o A

(5.44x10 1) 0.00x10%%%)  (0.00x10%%)  (0.00x107%%)  (0.00x10%%)  (1.13x10 M) (0.00%10%%)
s 20 1.97x10 18 1.65x10 % 8.85x 10 % 8.85x10 2° 1.83x10 18 1.04x 10710 3.24x 107 %2
’ (2.27x10°1%) (4.70X102%) (1.75X10 2%) (4.35X10 2%)  (6.07Xx10 %) (3.04X1071%)  (4.23%x107%2)
P 20 0.00Xx10"% 0.00x10*%0 0.00x 10+ 0.00x 10+00 0.00%10+%0 0.00x 10+ 0.00% 1090
J6 4

(0.00x107°)  0.00x107%%)  (0.00x10%%%)  (0.00x10%%)  (0.00x107%)  (0.00x107%%)  (0.00x10%"%)
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N SHADE DELU EPSDE SaDE JADE CoDE PDSDE

% # Mean error Mean error Mean error Mean error Mean error Mean error Mean error
(Std) (Std) (Std) (Std) (Std) (Std) (Std)

F 30 3.57Xx10 ™ 1.82x10 1.42%x10 "% 9.27x10 6.16x10 % 5.69x10 ™ 3.31x107%
7 . - . —y - —

(1.00X107 %) (3.39x10° %) (2.25%10"°1) (1.30x10 %Y (3.13%x10 %) (7.53x10° ") (4.37%x107%)

5 30 2.47x10 " 0.00x 10*00 6.57x10 ™ 2.22x10 % 9.70x10" 1° 2.47x10" "7 6.34x10 17
8 _0n 03 - 14 . -

(13510 %) 0.00x10%%)  (2.50x10 %)  (4.73x10 %) (5.25%x10 M) (7.34x10 ") (1.55%x10 %)

5 20 5.53%10 2! 2.19x 10 % 2.91x10 % 2.47%x 10 %7 3.69x10 2 1.80x10 13 1.83%x 1073
9 9 . —9 — s _ —

(5.00x10 %1 (2.11x10°%) (1.14X107 %) (4.90X1072")  (1.55%x10 %) (3.36X107 1) (6.22%x1073%)

; 30 1.07x10" % 1.36x 10~ % 1.75X10 % 1.46X10° % 5.07x10 % 1.31x10° 18 1.89%x10 %
J10 . - a2 - o - -

(6.03x107 %) (3.13x1073%)  (9.04x107 %) (3.80x10° %) (2.22x107 %) 1.51x10 ) (7.89x10 )

y 20 1.19%10 1 2.42x 10710 6.04x1071® 2.40x 10" 1.19x10 1 3.75%10 % 8.97x10 1

11 . . — — — — 06 15
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Convergence curves of PDSDE and other algorithms on 8 functions
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