BT e HNMIER S AArEMEMFIER R

RXH, Kz
CPEHCR A SELABE 5 430074)
(cugl1100304@163.com)

Research on e-domination based Orthogonal Differential Evolution Algorithm for
Multi-objective Optimization

Gong Wenyin, and Cai Zhihua
(School of Computer Science, China University of Geosciences, Wuhan, 430074, China)

Abstract: Evolutionary multi-objective optimization (EMO) has become a very popular topic in the last few years. However, to design an efficient and
effective EMO algorithm to find the near-optimal and near-complete Pareto front is a challenging task. In this paper, we propose a novel differential
evolution algorithm to solve multi-objective optimization problems (MOPs) efficiently. The proposed approach uses an Archive population to retain the
obtained non-dominated solutions; also it adopts the orthogonal design method with quantization technique to generate an initial population of points
that are scattered uniformly over the feasible solution space, so that the algorithm can evenly scan the feasible solution space once to locate good points
for further exploration in subsequent iterations. Moreover, it is based on the e-dominance concept to obtain a good distribution of Pareto-optimal
solutions and gets them in a small computational time. To make the algorithm converge faster, the new approach employs a hybrid selection mechanism
in which a random selection and an elitist selection are interleaved. Experiments on eight benchmark problems of diverse complexities show that our
approach is able to obtain a good distribution in all cases. Compared with several other state-of-the-art evolutionary algorithms, it achieves not only
comparable results in terms of convergence and diversity metrics, but also a considerable reduction of the computational effort. Furthermore, we discuss
the influence of different CR value and the parameter value of hybrid selection mechanism to the performance of the algorithm experimentally.
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Algorithm 1: Updating of Archive with ¢ -dominance

If the offspring C ¢ -dominates some solutions in Archive then

Delete all solutions ¢ -dominated by C in Archive

Insert C into Archive

Else if Cis ¢ -dominated by any solution in Archive then

Reject C

Else //Cis ¢ -nondominated with respect to Archive solutions

If C shares the same grid with an Archive solution D then

If C usual-dominates D or C is closer to the grid than D then

Delete D from Archive and accept C

Else
Reject C
End if

Else // C does not share the same grid with any Archive solution

Insert C into the Archive

End if

End if

Algorithm 2: Procedure of the proposed e-ODEMO

Generate a proper OA and generate the orthogonal population OP
Create the initial Archive £(0) with e-nondominated solutions from OP
Create the initial orthogonal evolutionary population P(0) from £(0) and OP

while eval < Max_eval do
for i=1 to N

if eval <A X Max_eval then

Random selection

Produce the new solution with DE/rand/1/bin strategy

else
Elitist selection

Produce the new solution with DE/rand/1/bin strategy

end if

if the new solution dominates the target solution P(j)[7] then

Replace the target solution with the new solution

else if the new solution is non-dominated by the target solution P()[i] then

Add the new solution in the child population CP

child_sizet+
else

Discard the new solution

end if

Update the Archive E(j) with e-dominance concept

end for

if the child population is not empty then

Combine CP and P(j)

Prune the mixed population using non-dominated ranking method only

Get the next evolutionary population P(j+1)

end if
end while

Fig. 1 Procedure of the proposed e-ODEMO
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Table 1 Benchmark problems used in this research
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Table 2 Comparison of the convergence metric T . A result in Boldface indicates the better value obtained.

WSk B 4, (HEE

e-ODEMO 1 e fl 22,

2 AERE S A (BRI S R FHE TS B B )

Algorithm ZDT1 ZDT2 ZDT3 ZDT4 ZDTo6 ZDT1.1 DTLZ1 DTLZ7
NAGS-II [2] 0.000894 0.000824 0.43411 3.22764 7.80680 0.00392 3.75997 0.03241
0 0 0.000042 7.30763 0.001667 0.001976 1.89255 0.00457
SPEA?2 [4] 0.023285 0.16762 0.018409 4.9271 0.23255 0.02572 3.235731 0.03898
0 0.000815 0 2.703 0.004945 0.00245 1.38236 0.00365
MMDD-DE [9]  0.000968 0.000752 0.001196 0.001017 0. 000598 NA NA NA
0 0 0 0.000120 0.000032 NA NA NA
MOEQO [27] 0.001277 0.001355 0.004385 0.008145 0.000630 NA NA NA
0.000697 0.000897 0.001910 0.004011 0.000033 NA NA NA
DEMO 0.00554 0.14345 0.07951 0.00135 0.57403 0.0064 0.06361 0.07058
0.000692 0.01237 0.00922 0.000710 0.02934 0.00493 0.11229 0.00904
e-DEMO 0.00476 0.01682 0.0086 0.000938 0.54372 0.00232 0.040365 0.05346
0.00518 0.00911 0.000807 0.000265 0.61489 0.000353 0.02364 0.00359
&-ODEMO 0.000187  0.000534  0.000218  0.000187 0.000615 0. 001880 0. 00438 0. 02036
0.000012 0.000570 0.000011 0.000012 0.000014 0.000438 0.000250 0.00105
Table 3 Comparison of the diversity metric A . A result in Boldface indicates the better value obtained.
3 BHEZ R R (BT AR SRR BTAS BURBLAE7)
Algorithm ZDT1 ZDT2 ZDT3 ZDT4 ZDTo6 ZDT1.1 DTLZ1 DTLZ7
NAGS-II [2] 0.463293 0.435112 0.575606 0.479475 0.644477 0.65028 0.95023 0.57615
0.0414622  0.024607 0.005078 0.009841 0.035042 0.06389 0.2654 0.06149
SPEA2 [4] 0. 154723 0.33945 0.4691 0.8239 1.04422 0.70987 0.8507665 0.37781
0.0008738  0.001755 0.005265 0.002883 0.158106 0.0826 0.63254 0.05698
MMDD-DE [9]  0.253462 0.302548 0. 308754 0.348541 0.421578 NA NA NA
0.098544 0.003215 0.002143 0.002143 0.026842 NA NA NA
MOEQO [27] 0.327140 0.285062 0.965236 0.275567 0.225468 NA NA NA
0.065343 0.056978 0.046958 0.183704 0.033884 NA NA NA
DEMO 0.33648 0.68299 0.70669 0.3252 0.8625 0.68095 0.46383 0.50651
0.03744 0.04095 0.05365 0.03349 0.04453 0.05608 0.07482 0.07238
e-DEMO 0.32187 0.36593 0.48575 0.3187 0.51864 0.58715 0.43465 0.50235
0.02262 0.0347 0.02748 0.01268 0.27761 0.057 0.08316 0.06324
&-ODEMO 0.31656 0.27578 0.46081 0.31758 0.18415 0.36348 0.15784 0.33393
0.01536 0.02396 0.02587 0.01015 0.01512 0.02714 0.01434 0.0503
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Fig. 2 Non-dominated solutions of final Archive obtained by e-ODEMO on all test problems
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In the last few years, evolutionary multi-objective optimization (EMO) has become a very popular topic from evolutionary computation community.

However, to design an efficient and effective EMO algorithm to find the near-optimal and near-complete Pareto front is a challenging task. In this paper, we

propose a novel differential evolution algorithm, which is based on the e-dominance concept and orthogonal design method, to solve multi-objective

optimization problems (MOPs) efficiently. The e-domination method can obtain good Pareto set, and the orthogonal design method used in our approach can

obtain good initial population, and hence, it can enhance the performance of the algorithm.
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