A2 1SSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software,2020,31(12):3716-3732 [doi: 10.13328/j.cnki.jos.005869] http://www.jos.org.cn
O R Bt A58 T RABSLIT A7 Tel: +86-10-62562563

wiFm =35 S S4% B REELE’
ImEY KO£ HEEL HEeS HTE

YL MK T ERUR S S EOR B WL BUM 310023)

2T TR Y HOE R S HER B W BN 310023)
SOHRLL ok oK% 3 H 2B WiLL AU/ 310023)

AT S = Wi BUJH 310023)

BIAEE: 08 K, E-mail:qfy@zjut.edu.cn; FH§#E, E-mail: wip@zjut.edu.cn

B B S REeE 3] 69t R 2 F ik (PICEA-Q) 2 ¥ B A7 & ZAE A T, MK XL B B A7 eI HAE A E
A8, VAT AR S 4 B AR 2 18] o A 2 BCAR 69 b 5] A2 PICEA-g I 3K A% 4 5% U110 Pareto BT 35, fn T2 0 o B E RS AR
449 Pareto SRACAF, T B F ik £ R 22 3 SEARAL PR BT M A8 T A it LR R X T R —H A T RiFa £
51 584 5 45 B AR Hh B #AL Sk (ASF-PICEA-Q): & 4, #1 F) ASF ¥ & & $f st Fh BE o 6 A% S st £ B 472 1), 5F
F HAE H RAT 6 F 5| FA BRI A A 7 6 R AR kT R RS R R IR IR AN B A B it m R R R
344 R 35 (ROI), 74 Z FEAARAG 4 7= A& 44 £ T R5E B @ it b ) S| 5| -S40 22 30054 R 0l 454 ASF-PICEA-g
L5 g-NSGA-Il #= -NSGA-Il f£ 3-20 449 WFG % 7|4 DTLZ % 7| mX.& 4k F 34745 A 9258, 52 3h 42 R & 9 ASF-
PICEA-g /£ WFG % 71| X F 40 £ R I T RAF G M 4%, ATIFME R ARk L AR T T vb Sk £ DTLZ £ 7)K% 2% B wk
AT 2t e Sk L EAE 10 4EvA b B AR 19 ASF-PICEA-g AL & 450942 7 b, B 3K AR R0 54 04 WSt A i A M
KEER: B4 B AAL PR B4, ASE B ARG &

hEESES: TP18

gl AR TR R g R IS G, SRR A 1) 5] B AR b IR Ak S R R 22 41, 2020,31(12):
3716-3732. http://www.jos.org.cn/1000-9825/5869.htm

5| #%20: Wang LP, Chen H, Du JJ, Qiu QC, Qiu FY. Preference vector guided co-evolutionary algorithm for many-
objective optimization. Ruan Jian Xue Bao/Journal of Software, 2020,31(12):3716-3732 (in Chinese). http://www.jos.org.cn/
1000-9825/5869.htm

Preference Vector Guided Co-evolutionary Algorithm for Many-objective Optimization

WANG Li-Ping!, CHEN Hong?, DU lJie-Jie}, QIU Qi-Cang®, QIU Fei-Yue?

1(school of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023, China)
%(College of Education, Zhejiang University of Technology, Hangzhou 310023, China)

3(College of Business Administration, Zhejiang University of Technology, Hangzhou 310023, China)
*(Zhejiang Lab, Hangzhou 310023, China)

Abstract: The preference-inspired co-evolutionary algorithm (PICEA-g) uses goal vectors as preferences, and uses the number of target
vectors that the individual can dominated as fitness value, to effectively decrease the proportion of non-dominated solutions in high
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dimensional space. However, the obtained set is approximate Pareto frontier, not Pareto optimal solution that decision makers are really
interested in. This leads to the performance degradation and computational resources waste when dealing with high-dimensional
optimization problems. Therefore, a preference vector guided co-evolutionary algorithm for many-objective optimization is proposed in
this study. Firstly, the ASF extension function is used to map the ideal point in the evolution population on the objective space, which is
used as a preference vector to guide the evolution direction of the population. Then, two temporary points are obtained by preference
region selection strategy in order to build region of preference for decision maker (ROI). The range of upper and lower bounds generated
by random preference sets is determined, and the co-evolution mechanism is used to guide the population to converge towards the ROI.
The ASF-PICEA-g is compared with g-NSGA-I1 and r-NSGA-I1 on WFG and DTLZ benchmark test functions based on 3 dimension to 20
dimension. The experimental results demonstrate that ASF-PICEA-g shows sound performance on the WFG series test function, and the
obtained solution set is better than the comparison algorithm; it is slightly better than the comparison algorithm in the DTLZ series test
function, especially in the 10 dimension or higher dimension. In addition, ASF-PICEA-g shows better stability, and the obtained solution
set has better convergence and distribution.

Key words: many-objective optimization; co-evolutionary; ASF function; preference vector
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% 1 %K g-NSGA-NM r-NSGA-NIFI ASF-PICEA-g 7 DTLZ st o 3 sk fi% 42 (7 GD {E M1 1GD 4.
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¥R A 3,5,7,10,15 F1 20 4.

Table 1 GD index value and IGD index value on DTLZ test function
# 1 DTLZ Mk % GD $5F5ME A1 IGD F5hn{t %

g-NSGA-II r-NSGA-I| ASF-PICEA-g
Mk % | Bhs2 | GD kx| IGD 4545 | GD J84% | IGD ks | GD 454x | IGD fikx
3 6.34e+00 | 5.40e+00 | 1.82e+00 | 3.78e+00 | 2.37e+00 | 3.12e+00

5 9.15e+00 | 5.74e+00 | 1.14e+00 | 3.08e+00 | 2.43e+00 | 5.00e+00

DTLZ1 7 5.96e+00 | 5.92e+00 | 1.46e+00 | 7.20e+00 | 3.07e+00 | 7.92e+00
10 6.30e+00 | 7.36e+00 | 1.34e+00 | 8.46e+00 | 3.42e+00 | 1.04e+00

15 1.71e+01 | 2.70e+02 | 3.60e+02 | 2.78e+03 | 4.77e+00 | 1.21e+00

20 1.47e+01 | 2.30e+02 | 4.33e+02 | 3.91e+03 | 5.56e+00 | 4.34e+00

3 2.23e-02 | 3.82e-01 | 1.59e-03 | 4.69e-01 | 1.62e-03 | 5.69e-02

5 3.08e-02 | 7.42e-01 | 9.51e-03 | 6.41e-01 | 3.11e—03 | 2.34e-01

DTLZ2 7 2.61e-02 | 5.54e-01 | 1.54e-02 | 6.17e-01 | 1.10e-02 | 3.77e-01
10 3.77e-02 | 8.89e—01 | 2.38e-02 | 8.11e-01 | 1.24e-02 | 6.48e-01

15 0.12e-01 | 1.97e-01 | 1.49e+02 | 4.39e+02 | 3.13¢-02 | 1.36e+00

20 2.70e+03 | 4.47e+04 | 9.94e+01 | 2.08e+02 | 3.15¢—02 | 3.30e+00

3 5.30e+01 | 1.00e+02 | 4.82e+01 | 5.88e+01 | 3.03e+01 | 9.87e+01

5 3.02e+01 | 1.72e+02 | 1.35e+01 | 7.79e+01 | 2.17e+01 | 1.15e+02

DTLZ3 7 2.30e+01 | 3.49e+02 | 1.72e+01 | 1.44e+02 | 2.12e+01 | 1.78e+02
10 3.97e+01 | 7.85e+02 | 1.66e+01 | 1.40e+02 | 2.08e+01 | 1.81e+02

15 9.54e+01 | 1.56e+03 | 3.58e+02 | 3.60e+03 | 4.86e+01 | 3.42E+02

20 9.97e+01 | 1.64e+03 | 3.18e+02 | 3.22e+03 | 5.32e+01 | 6.56E+02

3 1.73e-02 | 3.87e-01 | 2.58e-03 | 4.04e—01 | 2.40e—03 | 7.45e-02

5 4.60e—03 | 1.66e—01 | 9.63e-03 | 4.24e-01 | 3.49e-03 | 2.53e-01

DTLZ4 7 7.18e-02 | 3.3.7e-01 | 1.18e-02 | 4.30e-01 | 1.24e-02 | 5.15e-01
10 8.31e-03 | 4.56e-02 | 1.57e-02 | 5.47e-01 | 9.05e-03 | 6.23e—01

15 2.34e+03 | 3.87e+04 | 2.75e+02 | 1.48e+03 | 3.60e-02 | 1.06e+01

20 2.70e+03 | 4.47e+04 | 3.17E+02 | 1.98E+03 | 3.10e—02 | 2.44e+01
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Table 2 GD index value on WFG test function
Fz 2 WFG A% LY GD fRAr{ER

RN

m
=

g-NSGA-II

r-NSGA-11

ASF-PICEA-g

WFG2

7.20e~03(2.54e-05)
4.34e-02(3.40e-04)
9.23e-02(8.38e-04)
1.24e-01(3.43e-04)

6.046—04(9.49e—06)
2.77e-03(4.71e-05)
6.22e—02(7.28e—04)
1.17e-01(6.77e-04)

8.76e—04(7.65e—06)
4.56e-03(8.66e—05)
2.65e—-02(4.51e-04)
1.09e-01(4.29e—04)

WFG3

2.31e-03(1.10e—03)
9.28¢-02(4.81e-03)
1.77e-01(4.76e-02)
1.96e-01(8.16e—03)

1.02e—03(9.29e—05)
4.01e-03(8.17e-05)
2.83e—02(7.35e-04)
5.51e-02(1.07e-04)

1.78e-03(3.87e—04)
2.36e—03(8.66e-05)
6.03e-02(3.03e-04)
4.556-02(4.02e-04)

WFG4

4.91e-03(5.13e-04)
1.76e-02(6.66e—04)
6.58¢—02(6.89e-04)
8.28e-02(5.80e-04)

1.31e—03(L.40e-05)
5.27e-03(4.57e-05)
2.55¢-02(9.58e—05)
4.95¢-02(6.55e-04)

1.09e-03(9.03e-06)
4.67e-03(7.47e-04)

1.68e-02(1.86e-04)
3.64e-02(2.04e-04)

WFG5

~N O W NN OTWNNOTWwNN oW

7.67e-03(8.74e—05)
1.946-02(5.47e-04)
6.126-02(8.27e-04)
8.60e—02(1.03e—04)

1.06e—03(1.36e—04)
1.10e-02(4.01e-04)
1.57e-02(2.77e-04)
5.16e—02(5.60e—04)

6.52e—03(4.24e—05)
8.16e~03(9.65e-04)

1.96e-02(8.61e—05)
4.25e-02(2.25e-04)
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Fig.8 Attainment surface of ASF-PICEA-g for WFG2~WFG5
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Fig.9 Attainment surface of the algrithms for DTLZ1
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