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Multi-objective differential evolution algorithm with data-driven selection
strategy
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Abstract: The multi-objective differential evolution (MODE) algorithm has high computational complexity of the
selection strategy in solving complex multi-objective optimization problems. To address this issue, a multi-objective
differential evolution with data-driven selection strategy (MODE-DDSS) is proposed. First, the ranking evaluation
criteria of optimization solutions is designed, and the ranking evaluation database of optimization solutions based on
evaluation criteria is established. Then, a data-driven selection strategy, based on a two-way search mechanism and a
non-repeated comparison mechanism, is designed to search and compare the optimal solutions efficiently, and select the
optimal solutions. Finally, a multi-objective differential evolution algorithm with the data-driven selection strategy is
constructed, which reduces the complexity of optimal solution selection operation and improves the optimization
efficiency of the algorithm. Experimental results show that the proposed MODE-DDSS algorithm can effectively reduce
the number of comparison operations in the selection strategy, and improve the efficiency of the multi-objective
differential evolution algorithm in solving complex multi-objective optimization problems.

Keywords:  data-driven; selection strategy; non-dominated sorting; multi-objective optimization; differential
evolution algorithm; optimization efficiency
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DTLZ7 15 6.70(0.16) 17.02(0.32)— 7.25(0.14)— 7.29(0.17)— 7.38(0.13)—
5 16.04(0.32) 30.07(0.33)— 16.75(0.48)— 16.40(0.39)— 17.22(0.35)—
1000 10 16.90(0.46) 37.66(0.70)— 18.92(0.39)— 17.60(0.44)— 18.09(0.56)—
15 16.56(0.25) 51.09(0.90)— 18.96(0.57)— 18.37(0.41)— 18.00(0.50)—
5 15.53(0.28) 24.70(0.24)— 16.12(0.15)— 15.90(0.24)— 16.50(0.19)—
500 10 15.56(0.25) 31.04(0.68)— 16.90(0.15)— 15.90(0.24)— 16.50(0.19)—
MaF1 15 15.63(0.26) 36.34(0.87)— 17.40(0.28)— 16.94(0.30)— 18.63(0.27)—
5 39.71(1.25) 76.20(1.69)— 42.54(1.08)— 40.91(1.49)— 41.96(0.75)—
1000 10 39.56(1.08) 103.36(4.76)— 44.81(1.09)— 44.17(1.18)— 43.25(0.36)—
15 39.47(0.41) 120.49(2.04)— 46.67(0.45)— 46.49(0.88)— 46.06(0.35)—
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5 1.46X107(1.19%x10%) 4.95%x10%(0.00x10°)— 5.04x107(3.60x 10— 1.58x107(9.53x10%)— 2.12x107(8.96x10°)—
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15 7.01x107(1.92Xx10°) 5.94x10°(0.00x 10%)— 4.21x108(1.57x107)— 1.17x10%(8.28 x10°%)— 9.40x107(1.86x 10%)—
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MaF1 15 2.97%x107(1.21x10°) 3.74x10°(0.00x 10°)— 4.16x108(1.57x 10%)— 1.27x107(7.59%x10%)— 7.37x107(1.64x 10%)—
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15 1.17x10%(3.24x10°)1.49x10'0(0.00x10°)— 1.64x 10°(5.50x 107)— 4.60x 10%(1.80x107)— 2.18x 10%(3.09x 10%)—

0/12/0 2/9/1 1/11/0

+/— /=~ — 0/12/0

2% 3 1 G0 it &5 S w] 0, &1 o6k vk S0 TR 45
Fx, MODE-DDSS 572 [ 45 J 0 A F Fo At Sy, F
FERURL I 58 1) 260, Bk LR (R AN Bl H b 48 4L
()38 hn i e 24 AR A, SR AL AR E . BN, 24 MaF1
T B8 B, BB AR A 500 B, MODE-DDSS $.9%: %} 5
AN 10N FT 15 AN H Aw ok £ 8 3-8 I TR 3348 20 5 N
15.535.15.555 s f1115.63 s, BENEAY 9 0.17 % F10.46 %o.

FH 2% 4 1 45 0] %, &k HE e i F2 bR R BUEE
F#, MODE-DDSS $. L 78 12 /> 5451 v B 45 9 AN,
MODE-TENS %% % fifi F J5, HUAg 3 AN . 75 3K i
154 H bR E§ £, MODE-DDSS %35 1 45 B el 7E
SKAR 5 A H b5 8 $, MODE-DDSS 532 (U HE 7 i 72
Eb A VY 5 T MODE-TENS 3. i1, 24 MaF1
I B8 %, FhAE LA 500 IF, MODE-DDSS %12 (1)

184 3.66x 107, ki1 2 4 1.84x10°), 1 i T MODE-
TENS 532 (M8 N 3.34x 107, bR 254 6.72x 10%), 1
ft+ MODE-FNDS 5.7k (BMH N 1.25x10°, brifEZ A
0). MODE-ENS # i (M1H 8 1.16 x 108, #x fE 2 N
6.74x10°) F1 MODE-BOS 572 (341 A 4.35x107, #5¢
HEZ N 1.05%10°).
43 MBEINRTURHSZRERS SN

N T 581E MODE-DDSS #.y R it 2 4 2 B Anflt
A 1) JR A R0hE, i B DTLZ1 . DTLZ7. MW3. MaF1
AT MaF2 2y i ek 2 AR R ATV B RE A R DL
R N, — R BN SR U )RR AL
DTLZ7 fl MW3; 55 — 41 & B % 82 /i % 19 2R 3L
DTLZ1. MaF1 fl MaF2. Y3k & 4 D ff 7 & 2k
NME,DTLZ1 #IDTLZ7 435l B A D = M + 4 F1



1822 w % 5 & K %38%

D = M + 19, MW3#& & N D = 15, MaF1 1 MaF2 K FB BRI, 22 1] DR U R AR &, AN [R) SRV 1
WHEND = M + 9. fERAGFH, BB M 500 AU TR AL HE A i S 18 B e vk S A Ak il 28, fn 1K
AN, PP 5003818 22 4 500 )N, MOZIZAT 10 UG AR RIS 2RI 3 AT,

> 3.5 A 7 220 - ~ 5 -
—-— MODE-FNDS / = “— MODE-FNDS ©n —#— MODE-FNDS .
S —e— MODE-ENS .> 2 —e— MODE-ENS b 4 —e— MODE-ENS a
~ ——- MODE-TENS (=} 1.5 ——- MODE-TENS — ——- MODE-TENS
~ 2.5 MODE-BOS = MODE-BOS ~ MODE-BOS )
= —+— MODE-DDSS ﬁ 0 —+— MODE-DDSS - % 3 —+— MODE-DDSS *
= 0.25 % 1.070.01 ' = P
EosiiE— <% < £ 2 |
1N 3.6 4.0 44 4 0.5 38 42 4.6, ims i
= 0.5 o S = " ~ 9
B s = B oo B 0l
0 1 2 3 4 5 B 0 1 2 3 4 5 B 0 1 5
FIEERLEL/(10°1Y) TR /(104D FHEERL/ (1071
(a) DTLZ7(M=2)F3iaf7H}E (b) DTLZ7(M=2) V¥t (c) MW3(M=2)V¥ig T[]
g 10 —~— MODE-FNDS :E 2.5 —~— MODE-FNDS R g 2.5 —#— MODE-FNDS ’
= —e— MODE-ENS . — —— MODE-ENS A o —e— MODE-ENS
o 8 —-— MODE-TENS A z 2.0 -~~~ MODE-TENS = 2.0 ~~~ MODE-TENS
= MODE-BOS >~ MODE-BOS  # ) MODE-BOS 7
~_ 6 —+— MODE-DDSS E 1.5 —+— MODE-DDSS % 1.5 —+— MODE-DDSS x
& 4 =
X 4 £ 1.0 K HV ) | e
4 1& ﬁ 3.6 4.0 44¢ -
§ 2 Q 0.5 ﬂ 03 2 “ \//\\
20 Y 7 gl B
ol 5 B0 1 2 3 4 5
FHEERLEL /(1071 FRRERLAE /(104D FRRERLEL /(1071
(d) MW3(M=2) T b3 (e) DTLZ7(M=73)FJs4TIH [a] (f) DTLZ7(M=3)T-¥Lhi ks
2 FRIEZEFHFMETEFHF 2 I EOR BTt (B BT EERNEN BIRE 5
:"? 12 —~— MODE-FNDS A g 2.0 —#— MODE-FNDS ,:; 4 —#— MODE-FNDS
9 —e— MODE-ENS = —o— MODE-ENS (=} —6— MODE-ENS /
= -—- MODE-TENS S 1.5 ——- MODE-TENS = 3 -~ MODE-TENS  #
>~ 3 MODE-BOS - MODE-BOS g MODE-BOS
E —+— MODE-DDSS ﬁ 1.0 —*F— MODE—DDSS/ e = 5 —+— MODE-DDSS,
= p =
= 0.6 0.05f===z= = s . 0.2
R X o . i P
Uﬂ) 02364044 “ o5 3.6 4.0 4.4 ~ 1 3.8 4.0
Q o \ _ = & - \ IEJ & - \—‘
E]F 0 . a5 N - N, Q 0 RN A D, _\.’_7\ O £ W
o 1 2 3 4 5B 0 1 2 3 4 5 % 0 1 2 3 4 5
FEFREL /(1071 FREERURL/(10°1Y) PR /(1071
(a) DTLZ1(M=2)V¥JiziT (A (b) DTLZI1(M=2)V¥Jtbiksy (c) DTLZI1(M=3)F¥istrita)
g 2.5 —-— MODE-FNDS * ,;’\ 1.0 —4- MODE-FNDS iﬁ 7 —~— MODE-FNDS A
2 —6— MODE-ENS = —e— MODE-ENS N = —o— MODE-ENS Ve
o 2.0 - MODE-TENS P 0.8 -~~~ MODE-TENS S ~-— MODE-TENS
= MODE-BOS MODE-BOS = 5 MODE-BOS «
N —— MODE-DDSS E 0.6 —+— MODE-DDSS . = —— MODE-DDSS
S = . ® 2
K 1.0f == , . 5 3 p
= 39 4.0 41 x % P
0.5 = 3 -
g 0 L & ) \::/ _\{\\w 1 —
= 0 1 2 3 4 5 s 7 0 1 2 3 4 s
R /(1074 TR /(104D FREFHUEL/(10°1)
(d) DTLZI1(M=3) FH k% (e) MaF1(M=3)F¥ig{Thf A (f) MaF1(M=3) V%
Q 800 —~— MODE-FNDS A ;Lé 7 —~— MODE-FNDS A
= —e— MODE-ENS =) —e— MODE-ENS
2600 ——= MODE-TENS X = 5 —=- MODE-TENS
= MODE-BOS ) ~ MODE-BOS 7~
= —+— MODE-DDSS % —*~ MODE-DDSS
o 400 = '
b X 3 ;
v 12 .
= 200 & e
B = = ~
0 = _:’_\@ = —R—% _
o 1 2 3 4 5 T o 1 2 3 4 5
PRI/ (10°1) FREERUEL/(10°1)
(g) MaF2(M=23) 2170 (h) MaF2(M=3) V- HLL B EL

B3 AREIBEEFHINEEMHF SRR BRI (BB EEFNENBIREE)



%7H

% = F: RBERHEF RN S DAL oL 1823

T EANESFIE bR RS, Y M = 205,
AN [R5 DTLZ7 ATMW3 (9 3-8 I 1) Ak e 3 72
FE 3 B i ] 2(a) ~ B 2(d) At s, B B 2(a) 71 B 2(b)
Al i, MODE-DDSS %77 5 MODE-ENS 5% [ L 3
VOB 24, #4941 F HAth 52925, MODE-DDSS 514 1) 5
12 5} 1] 1% 12 -F MODE-ENS 512 f1 MODE-BOS .72,
HR T H A 2 F MW3, B E 2(c) fTE 2(d)
Al L, MODE-DDSS 5 2 1) bt 5 X L £ T MODE-
BOS &y, {H A T HAth 53 MODE-DDSS 5 7% 1) 5
LB 18] 2 T MODE-ENS #7.7%. MODE-TENS %77l
MODE-BOS # i, {{ ft T MODE-FNDS & %, it —
73 BT MW3 [ 45 55001 %0, B T MW3 [ % A H #5 (8]
FEAE 213 5= 2, MODE-DDSS 83 & B T 2 1
) T 4 A, B B BV G AT I IR R [ BV
DTLZ7(M = 3) {3 i 1) F0 b 35 2k 5 1) 2(e) A
2(f) 7, MODE-DDSS 53 [ F 3 U $50F - AL s
] 5 MODE-ENS 5740 24, ¥4 T H A 5%

X B T B H bR R AN A B X
DTLZI(M = 2) 5P i 8] Al b 3 ki an 16 3(a) ~
3(b) i 7v, MODE-DDSS 5 v (1) 54t I ] AT EE ¢
R #0355 MODE-ENS 5y 40 2, i F HAh 5k 4
M = 3}, ANFEHEEN DTLZ1 . MaF1 A MaF2 i) 341
I 1) 0BG A58 Tk 40 B 3(c) ~ 1] 3(h) JiT 75. MODE
-DDSS 5% DTLZ1 F1 MaF1 f] 3-8 i 1] A1 458 7k
BT H AR Hi%, % MaF2, MODE-DDSS 5.
VI -0 ) 8] 48 T MODE-TENS 5032, (B4 T Ho Al
S, EE I IR B R T MODE-TENS #.32:, 5 MODE-
BOS Bk AH Y. o] W, 75 3R M B A S RT U 1 2 H bR
HeAk ] fi B, MODE-DDSS %72 [ 2% 3L 5 4F.

5 4 #

48 % FbR 2 A0 AL S0 1E 5 20 2 B AR A
T2 U A L, A SC AR T o O B B i
SEWK [0 % AR 2 43 BEAL BRI R L T AL
HE PP S 0T i, BT T T 0 A AL 4 AL
T A AL O BB 1 38 W AR T 3%
PRERAE 0 20 SR E T BRI TR xS v
VR BRI S0 48 SR B, 7 SR v 20 R 1 RS L
3% FT I AR AL I 8L, MODE-DDSS 832 19 341
ST T oAb L S B, % T bR B A
TELIHR A LRIV 2 B AR 14 17 5, MODE-DDSS
SEVE TN T 0% R . AR SCHR I e R B i
PESES, 5N E3E F T BT 5 T Pareto IR % H 7
PAL S, R 0 Rl IS 9, A 423 A
SO R B0, HE A A0 36 SR A 22 43 kAL 3

-, BT BN R 1R B S it — 2D $ B R A
2ok 2 B AR IR I SRR, A4 S 8 5k
b2 HARIAL 1] 8 SR I FE.

£ 3k (References)

[1] Wang J H, Ren W B, Zhang Z Z, et al. A hybrid
multiobjective memetic algorithm for multiobjective
periodic vehicle routing problem with time windows[J].
IEEE Transactions on Systems, Man, and Cybernetics:
Systems, 2020, 50(11): 4732-4745.

[2] HanHG, LiuZ, Hou Y, et al. Data-driven multiobjective
predictive control for wastewater treatment process[J].
IEEE Transactions on Industrial Informatics, 2020, 16(4):
2767-2775.

(3] 303G, L. F T8 LA Pareto B ¥ X 7 H bR

22 A AL 0], B 3h 3R, 2020, 46(8):
1628-1643.
(Feng W Q, Gong D W. Multi-ob jective evolutionary
optimization with ob jective space partition based on
online perception of Pareto front[J]. Acta Automatica
Sinica, 2020, 46(8): 1628-1643.)

[4] WangY, WangL, Chen G C,etal. Animproved ant colony
optimization algorithm to the periodic vehicle routing
problem with time window and service choice[J]. Swarm
and Evolutionary Computation, 2020, 55: 100675.

[5] %, ¥4k, FvR K. BT SHEHEWENZ Hirz
IS 0], 42 S PR, 2017, 32(11): 1985-1990.
(Hou Y, Han H G, Qiao J F. Adaptive multi-objective
differential evolution algorithm based on the dynamic
parameters adjustment[J]. Control and Decision, 2017,
32(11): 1985-1990.)

[6] Hou Y, Wu Y L, Liu Z, et al. Dynamic multi-objective
differential evolution algorithm based on the information
of evolution progress[J]. Science China Technological
Sciences, 2021, 64(8): 1676-1689.

[71 Chen X, Du W L, Qian F. Multi-objective differential
evolution with ranking-based mutation operator and
its application in chemical process optimization[J].
Chemometrics and Intelligent Laboratory Systems, 2014,
136(1): 85-96.

(8] M, X, FEH, & ESLEFFIRARIRZH

B A Ak il R (I 5 (0], T AL 58 5 R R, 2015,
52(9): 2123-2134.
(Zheng J H, Liu L, Li M Q, et al. Difference selection
strategy for solving complex multi-objective problems[J].
Journal of Computer Research and Development, 2015,
52(9): 2123-2134.)

[9] Deb K, Pratap A, Agarwal S, et al. A fast and elitist
multiobjective genetic algorithm: NSGA-II[J]. IEEE
Transactions on Evolutionary Computation, 2002, 6(2):
182-197.

[10] Wang H D, Yao X. Corner sort for Pareto-based
many-objective optimization[J]. IEEE Transactions on
Cybernetics, 2014, 44(1): 92-102.

[11] WangJ H, Zhang W W, Zhang J. Cooperative differential
evolution with multiple populations for multiobjective



1824

*

F %£38%

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

optimization[J]. IEEE Transactions on Cybernetics,
2016, 46(12): 2848-2861.

Jamali A, Mallipeddi M, et al
Multi-objective differential evolution algorithm with

R, Salehpour

fuzzy inference-based adaptive mutation factor for Pareto
optimum design of suspension system[J]. Swarm and
Evolutionary Computation, 2020, 54: 100666.
Bandyopadhyay S, Mukherjee A. An algorithm for
many-objective optimization with reduced objective
computations: A study in differential evolution[J]. IEEE
Transactions on Evolutionary Computation, 2015, 19(3):
400-413.

Wang X P, Dong Z M, Tang L X. Multiobjective
differential evolution with personal archive and biased
self-adaptive mutation selection[J]. IEEE Transactions on
Systems, Man, and Cybernetics: Systems, 2020, 50(12):
5338-5350.

Fan Q Q, Wang W L, Yan X F. Multi-objective differential
evolution with performance-metric-based self-adaptive
mutation operator for chemical and biochemical dynamic
optimization problems[J]. Applied Soft Computing,
2017, 59(1): 33-44.

THER, BRfEZE, SR 3T H &R 2 7 AR
JE B gl e i 2 HARDUAR (7] 421 5 B3R, 2020,
35(3): 604-612.

(Ding J L, Chen J X, Ma X R. Multi-objective
optimization of light oil production in atmospheric
distillation column based on self-adaptive differential

evolution[J]. Control and Decision, 2020, 35(3):
604-612.)
Tang L X, Wang X P, Dong Z M. Adaptive multiobjective

differential evolution with reference axis vicinity
mechanism[J]. IEEE Transactions on Cybernetics, 2019,
49(9): 3571-3585.

QiaoJ F, Hou Y, Han H G. Optimal control for wastewater
treatment process based on an adaptive multi-objective
differential evolution algorithm[J]. Neural Computing
and Applications, 2019, 31(7): 2537-2550.

Li K, Deb K, Zhang Q F, et al. Efficient nondomination
level update method for steady-state evolutionary
multiobjective optimization[J]. IEEE Transactions on
Cybernetics, 2017, 47(9): 2838-2849.

Trivedi V, Ramteke M. Using following heroes
operation in multi-objective differential evolution for fast
convergence[J]. Applied Soft Computing, 2021, 104:
107225.

XIBIEIL, 5, . 3T 504 2 Hbs 22 70 # AL 5
EH R R G R WA T )], B T ROR AR,
2021, 36(11): 2220-2232.

(LiuM K, Wang Z S, Xing Y L. Enhanced multi-objective
differential evolutionary algorithm based optimal power
flow calculation for integrated electricity and gas
systems[J]. Transactions of China Electrotechnical
Society, 2021, 36(11): 2220-2232.)

Bechikh S, Chaabani A, Ben Said L. An efficient chemical
reaction optimization algorithm for multiobjective
optimization[J]. IEEE Transactions on Cybernetics,

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

2015, 45(10): 2051-2064.

Bao C T, Xu L H, Goodman E D, et al
A novel non-dominated sorting algorithm for
evolutionary multi-objective optimization[J]. Journal of
Computational Science, 2017, 23(1): 31-43.

Zhang X Y, Tian Y, Cheng R, et al. An efficient approach
to nondominated sorting for evolutionary multiobjective
optimization[J]. IEEE Transactions on Evolutionary
Computation, 2015, 19(2): 201-213.

AR, WKL, FIRZ, &, — Mk T B IS B 52
R F) e 22 H Aok 1 BE S 0], H 34224, 2018,
44(12): 2278-2289.

(Yu W W, Xie C W, Bi Y Z, et al. Many-objective
particle swarm optimization based on adaptive fuzzy
dominance[J]. Acta Automatica Sinica, 2018, 44(12):
2278-2289.)

Zhou Y R, Chen Z F, Zhang J. Ranking vectors by means
of the dominance degree matrix[J]. [IEEE Transactions on
Evolutionary Computation, 2017, 21(1): 34-51.

T, BT H. ETRERNLY ] 5EARER
K ZE DAL BE AR AL (7] #E ) S TR, 2021, 36(11):
2609-2617.

(Wang L, Pan Z X. Scheduling optimization for flow-shop
based on deep reinforcement learning and iterative
greedy method[J]. Control and Decision, 2021, 36(11):
2609-2617.)

LKA, Rl 285, 5. 3 2 B bs A s S0
FOHERE [J]. HEhHEAA4R, 2020, 46(11): 2302-2318.

(Ma Y J, Chen M, Gong Y, et al. Research progress
of dynamic multi-objective optimization evolutionary
algorithm[J]. Acta Automatica Sinica, 2020, 46(11):
2302-2318.)

Zhang X Y, Tian Y, Cheng R, et al. A decision variable
clustering-based evolutionary algorithm for large-scale
many-objective optimization[J]. IEEE Transactions on
Evolutionary Computation, 2018, 22(1): 97-112.

Roy P C, Islam M M, Deb K. Best order sort: A
new algorithm to non-dominated sorting for evolutionary
multi-objective optimization[C]. Proceedings of the 2016
on Genetic and Evolutionary Computation Conference
Companion. Denver, 2016: 1113-1120.

Tian Y, Cheng R, Zhang X Y, et al. PlatEMO: A
MATLAB platform for evolutionary multi-objective
optimization[educational forum[J]. IEEE Computational
Intelligence Magazine, 2017, 12(4): 73-87.

fE& RN

% (1982—), %, B 9L o, 1, NEH L HFr B

AT T AR AL 78, E-mail: houying17 @sina.com;

RE (1998—), L, Witz NH 2=t A B e

P I FE, E-mail: wuyl @emails.bjut.edu.cn;

HAE (1996-), %, A, NSRRI SE, 24

SARALIIWE ST, E-mail: 838797151 @qq.com;

BRALHE (1983—), T, #%, LA T, NHERAR

GuRRE AR AP AR 0 2% s | 3R BT S ST, E-mail:
rechardhan @bjut.edu.cn.



