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An Improved Self-Adaptive Differential Evolution Algorithm.for

Solving Dynamic Optimization Problem
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[ Abstract] To.address the weak local search ability and low optimization accuracy.of the original dynamic Self-Adaptive
Differential Evolution(SADE) algorithm, this paper proposes a Neigliborhood Search Differential Evolution(NSDE) algorithm
for solving Dynami¢,Optimization Problem(DOP).By introducing thé heighborhood search mechanism, the neighborhood
space of the best individual of the population is divided properly fand a set’of candidate solutions are generated within the
divided space.The optimal solution in this set is selected to iterate'the best individual of the population, which enhances the
local search ability of the algorithm.At the same time, the hill-valley function is introduced into the traditional distance-based
exclusion scheme to track the adjacent peaks to improve the optimization accuracy of the algorithm.Experimental results show
that in terms of the average error, NSDE algorithm”outperforms the original dynamic SADE on 28 test problems(49 test
problems in total) , Dynamic Optimization of Artificiallmmune Network ( dopt-aiNet) on 38 problems, Differential Evolution
with Competitive Strategy Based on Multi-Population(DECS) on 29 problems, and Modified Differential Evolution( MDE )
on 38 problems, which demonstrates the NSDE algorithm has better overall performance.
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and age>30 and mRand( )<0.1 then

3. MR A AL & A i AR R

4.else if age>25 and mRand( )<0.1 then
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k2 wiEmEi s

1.if Distance(x,y)<0.01 or |x.fitness—y.fitness|<0.1 then

2.age=min{age,20}

3.else

4.age=min{age,5|

i3 EHVRLEE

1.if mRand () <0.5 and i<subSize and arcNum>0 and i<

arcNum then

2.7 A UE [0, areNum | ¥ BEHLEL ¢

3.y=ARC[t]

_ 0.1

1+ (i mod subSize)
5.if (i mod 2)==1 then
6.y =y +wxN(0,1)

4.w
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7.else

8.y =y +wxU(-0.5,0.5)

9.end if

10.else
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12.end if
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Fig.1 Division of neighborhood/space
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1.iter<—0

Ri(x,r0,1)

2.while iter<MaxIter do

34eed=mRand()

4.fori<—1 to D do

5.for j«—1 to candiNum do

6.if seed<0.5 then

7.candiSol(i,j)=rx2""+x+mRand( ) xrx2""'

8.else

9.candiSol(i,j)=x,~rx2+mRand( ) xrx2’"

10.end

11.end

12.end

1364 candiSol #L 4 4 [ k4775 & , 5 % candiSol’
argmax . qisor (i, j (candiSol’ (4, j) fitness ),
ie[l,candiNum ],je[1,D],F1
argmin, s, ;. j) (candiSol’ (i, j).fitness ),

ie[l,candiNum],je[1,D],F2~F6

14.BestSol =

BestSol, F1 | BestSol.fitness > x.fitness,
15.x = {F2~F6 T BestSol.fitness < x.fitness

X, Hoft
16.iter<—iter+1
17.end
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Fig.3 Exclusion scheme basedwon hill-valley function
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1.2,=0.05xx+(1-0.05) xy
2.2,=0.5%x+(1-0.5) xy
3.2,=0.95xx+(1-0.95) xy
4.if Distance(x,y)<r,, and min {z, fitness, z, fitness, z,.fitness } >
min {x.fitness, y.fitness} then
x, F1 N x.fitness < y.fitness, F2~F6 [y fitness < x.fitness
v S
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7.end
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Table 1 General parameter setting of GDBG

ELEA e
4% D I8 72 HE A0 10 28 A0 4 400 FET Y [5,15]
Eike N [-5.51”
B R B 0 7 K H 10
AR Ak S 10 000x D Y 17 BE 1Al & A — 224k
LA H 60
JE W ECH 12
Mg e i 2 0.8
TR T Ak 3.67
i % AR o 0.04
o I IR KAH 0.1
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IR 50
1o B AR AL R 5.0
P 100
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Table 2 Basic test function of GDBG
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Sphere S@)=Yx] [~100,100]
i=1
Rastrigin f(x)= 2‘(xt2 —10cos(2mx,)+ 10) [-5.5]
i=1
n Fmax Finax
Weierstrass f(x)= Z( Y [a* cos(2mb” (x, + 0.5))]) —n Y Ja*cos@b" fa=0.5,b=3, k,,, =20 [-0.5,0.5]
i=1\k=0 k=0
. 1 /! ) L A
Griewank f)= m;(x,) - Hcos % +1 [-100/100]
Ackl f(x)=-20 02”&“2 li Qnx,)| +20+ 32,32
X)=— expl| —V. - X | —expl— COS(2Tx; (S -
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Table 3 Algorithm parameter setting
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Table 4 Experimental results of NSDE and SADE algorithms

MWhX e g AR MR T1 T2 T3 T4 T5 T6 T7
2 3.093e-01  4.015e+00  3.485e+00  1.095¢+00  2.133e+00  1.926e+00  4.379¢+00
NSPE FrifE 2 1.503¢+00  8.134e+00  8.123e¢+00 #7 3.490e+00  4.491e+00  6.816e+00  8.999¢+00
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NSPE Tt 2 9.177e+01  3.745¢+02  3.724e+02  2.258e+02"%3.819¢+02 | 3.873e+02  3.556e+02
o ¥R 1.968e+01  5.939¢+02  5.739e+02 1.087¢+02  4.560e+02  2.693¢+02  7.408c¢+02
SADE T o 2 8.234¢+01 3.736e+02  3.814e+02  2.668e+02 . 3.858¢+02  3.949¢+02  3.465¢+02
2 3.324e+00  6.578e+01 6.713e+01 3.902e+00 1.025e+02  4.868e+00  7.836e+01
NSPE FrifE 2 6.700e+00  1.546e+02  1.553e+02  /7.367¢+00" 1.758¢+02  2.091e+01 1.448e+02
F4 Tl 2 3.656e+00  5.373e+01  6.132e+01  4.431¢+00  1.327¢+02  5.051e+00  7.806e+01
PN FrifE 2 8.828¢+00  1.385¢+02 1.458e+02 . 8.122¢+00  1.962e+02 1.114e+01 1.383e+02
T2 1.533e+00  2.289¢+00  2.046e+00, / 1.738¢+00  1.462e+00 1.526e+00  2.406e+01
NSPE b ifE 22 4.010e+00 6.242e+00 5:989¢+00 5.625e+00 5.348e+00 2.177e+01 8.049¢+01
" SRR 1.701e+00 3.421e+00 1.644e+00 1.277e+00 1.481e+00 1.003e+00 3.158e+01
SADE brifE 22 5.546e+00  3.768e+01 4.893e+00  3.756e+00  6.670e+00  3.958e+00  8.237e+01
PR 2E 1.073e+01 1.493e+01 1.472e+01 1.153e+01 2.025e+01 9.487e+00  5.129e+01
NSDE P i 2% 1.734e+01 2147e+01 1.769¢+01 2.259e+01 7.177e+01 1.312e+01 1.084¢+02
wo PR 22 9.371¢+00  1.785¢+01  1.398e+01  1.022¢+01  1.330e+01  9.109¢+00  6.302¢+01
SADE bR 25 14979e+01  4.292e+01  3.069¢+01 1.389¢+01 3.124e+01 1.215¢+01 1.331e+02
%5 NSDE.DECS.dopt-aiNetF1 MDE Bk LI 4R
Table 5 <Experimental results of NSDE,DECS,dopt-aiNet and MDE algorithms
WItEE  SRARE TIPdR b Tl T2 T3 T4 T5 T6 7
S H R 3.093e-01  4.015e+00  3.485e+00  1.095¢+00  2.133e+00  1.926e+00  4.379e+00
NSDE brifE 22 1.503e+00  8.134e+00  8.123¢+00  3.490e+00  4.491e+00  6.816e+00  8.999¢+00
iR ZE 3.724e-04  6.896e-01  3.864e+00  5.085¢+00  9.389¢+00  1.536e+01  1.465¢+00
DECS hrifE 22 1.139e-03  2.179e+00  6.985e+00  4.644e+00  1.531e+01 1.880e+01  4.614e+00
PO peaks) ) TR 2E 1.353e-01  5.867¢+00  4.255¢+00  5.356e+00  4.436e+00  9.941e+00  4.211e+00
doptaiNet brifE 22 1.006e+00  1.028¢+01  8.183¢+00  8.941e+00  5.555¢+00  1.582e¢+01  8.687e+00
FHIRZE 6.931e+00  1.242¢+01  1.132¢+01  6.514e+00  2.788¢+01  2.815¢+01  5.090e+00
MPE T e 2 5.216e+00  1.016e+01  9.456e+00  4.908¢+00  2.618¢+01  1.915¢+01  4.393¢+00
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TR 9.007e-01  4.361e+00  4.434e+00  9.408e-01  1.115e+00  2.637e+00  5.034e+00

NSDE bRl 22 1.958¢+00  6.208¢+00  6.513¢+00  2.227¢+00  2.290e+00  7.647¢+00  7.191e+00

PR 2E 1.660e+00  3.580e-01  4.802e+00  6.491e+00  1.319e+01 2.670e+01  2.658e+00

Pres bR 2% 1.906e+00  1.006e+00  4.844e+00  7.322¢+00  1.275¢+01  3.178e+01  7.942¢+00

P10 peaks) ) FHPRE 3.644e-01  4.749¢+00  5.253e+00  2.657e+00  2.864e+00  6.833e+00  4.417e+00
dopraiNet bR 2 9.275¢-01  6.758¢+00  6.683¢+00  5.977¢+00  4.158¢+00  1.188e+01  6.453¢+00

TR 2E 1.518e+01  1.242e+01  6.522¢+00  6.463¢+00  1.427e+01  3.558e+01  2.310e+01

MPE brifE 22 1.593e+01 1.016e+01  4.149¢+00  5.920e+00  1.639¢+01  3.175e+01 1.248e+01

TR 3.548e+00  4.145¢+01  4.570e+01 _ 2.811e+00  7.916e+01  4.897e+00  3.943¢+01

NSDE bRt 22 7.107¢+00  1.067¢+02  1.166e+02 7 6.082¢+00  1.446e+02  2.046e+01  7.955¢+01

S H R 5.022e-01 1.790e+01 2.623e+00° /2.436e+02  4.103e+01  4.104e+01 2.721e+01

PrES FrifE 2 1.112e+00  2.627e+01  3.038¢400s “1.249¢+02  3.630e+01  3.649¢+01  1.517¢+01

"~ ) iR 9.840e-02 8.121e+00  1.800e+01 %, 4.065e+00  1.014e+02  6.519¢+00  3.739¢+00
dopraiNet bR 2.910e-02  1.438e+01  6.223¢+01  2.827¢+00  1.345¢+02  1.382¢+01  7.954¢+00

iR 2.814e+01  3.929¢+01,  2.801e+01  2.419¢+02  4.110e+01  4.070e+01  A./745¢+02

MPE hrifE 22 1.115e+01  2.979¢+01 1.017¢+01 1.218e+02  3.585e+01  3.578e+01__ 2.047e+02

IR 2.125e+01 5.935¢+024 5.928e+02  7.811e+01  4.784e+02  2.610e+02  7.387¢+02

NSDE bR 2% 9.177¢+01° 3.745¢+02  3.724e+02  2.258e+02  3.819¢+02  3.873¢+02y. 3.556¢+02

PR 2E 6.275e+02%  5:817c¢+02  6.014e+02  6.571e+02  5.662¢+02  4.104e+01  7.336e+02

prES Frif 2 3.684e+01 || 1.182¢+02  1.081e+01  3.829e+01 1.624e+02  3.649¢+01  7.934e+01

" ) V-H%95 8.108et+020 1.079¢+03  1.073e+03  1.032¢+03  1.024€+03n  11187¢+03  1.062¢+03
dopraiNet Tasafi 2 60611e+01  6.412e+01  6.500e+01  2.747¢+02 95.787¢+01 | 2.923e¢+02  1.101e+02

FHRE 05.433e+02  5.760e+02  5.162e+02  6.600e+02  5.592¢+02  6.235¢+02  7.263e+02

MPE bR 22 1.659¢+02  2.127e+02  2.480e+02  5.219e+01 0.1.932¢+02  1.140e+02  6.702¢+01

R | 3324400 6.578e+01  6.713e+01  3.902¢400 | 1.025¢+02  4.868e+00  7.836e+01

NPy bR 25 6.700e+00  1.546e+02  1.553e+02 / 7.367¢¥00  1.758e¢+02  2.091e+01  1.448¢+02

Bz 1.377e+01  3.620e+01  2.225e+00 1.2.882¢+02  4.103e+01  4.089e+01 1.450e+02

"N bR 22 9.994¢+00  3.671e+01  2.803e+000, 1.471e+02  3.630e+01  3.622e+01  2.117e+02

o ) IR 1.423e+00  1.224e+02  9867¢+01 4 4.263¢+00  3.046e+02  1.263¢+01  5.290e+01
dopraiNet bR 22 4.546e+00  2.016e+027"71.967e*#02  9.726e+00  2.032¢+02  5.584e+01  1.306e+02

FEHRZE 2.814e+01  3.929¢+01L  2.801e+01  2.871e+02  4.110e+01  4.108e+01  2.700e+02

MbE T e 2 1.115¢+01  2.979¢+01  1.017e+01  1.444e+02  3.585¢+01  3.577e+01  2.232e+02

S H R 1.533e+00 < 2.289¢+00  2.046e+00  1.738e+00  1.462¢+00  1.526e+00  2.406e+01

NSDE FrifE 2 4.010e+00  \6.242¢+00  5.989e+00  5.625¢+00  5.348¢+00  2.177e+01  8.049¢+01

TR 1.714¢+01  2.173e+01  1.084e+01  1.684e+01  1.119¢+01  9.568e+00  2.117e+01

PEES b ifE 22 1.625¢+01 3.418e+01 8.155¢+00 1.922e+01 1.568e+01 1.446e+01 1.482e+01

" ) TRk 5A0,4.089¢+01  3.445¢+01  3.494e+01  1.206e+02  9.432¢+02  4.803¢+02  2.195¢+02
doptaiet brifE 2= 2.212¢+02  1.199¢+02  1.150e+02  2.935¢+02  6.333¢+02  6.108¢+02  4.278¢+02

TR 1.913e+02  1.566e+02  9.475¢+01  3.781e+02  3.761e+01  3.744e+01  3.479¢+02

MbE PRifE 3.226e+02  2.551e+02  1.441e+02  4.512e+02  2.937¢+01  3.192e+01  4.107¢+02

PR 2E 1.073¢+01  1.493e+01  1.472e+01  1.153e+01  2.025¢+01  9.487e+00  5.129¢+01

NSPE FrifE 22 1.734e+01 2.147e+01 1.769¢+01 2.259e+01 7.177e+01 1.312e+01 1.084e+02

iR 8.172e+00 3.528¢+01  8.376e-01  2.187¢+01  2.434e+01  3.374e+01  1.730e+01

PECS bR 22 8.278e+00  3.080e+01 1.923e+00  2.280e+01  2.759e+01  3.037e+01 1.460e+01

o } IR 2.044e+01  3.912e+02  4.564e+02  8.397e+01  8.459e+02  4.822¢+02  3.725e+02
doptaiNet brifE 22 7.932¢+01  3.954e+02  4.050e+02  2.202e+02  2.512¢+02  4.344¢+02  3.947¢+02

S H R 2.050e+01 4.792e+01 9.782¢+00  8.904e+01 3.716e+01 3.310e+01 1.492e+01

MPE bR 2% 1.895¢+01  2.720e+01  9.931e+00  1.760e+02  2.702e+01  2.834e+01  1.664e+01
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