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Biological evolution

C. Darwin, after collecting abundant evidence, e
developed a theory about how species evolve. l
- reproduction with variation + nature selection E 8 EAR R
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> M2M(Multi-objective to Multi-objective) 5 f## 7 i% 4 22 9 % 48
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2. M2M-IEpsilon

3 e9Epsilon(improved epsilon) £ & 4 32 75 % 69 % 28,
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(rule 1:¢(x?), it k=0

rule 2:(1 —7)e(k—1), |[if i < a and k< T, —— MR TITRIRGHE R

rule 3:(1 + 7)Pmaxz, ity 2aand k< Tel — jom mT47 RR6G &
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2. M2M-IEpsilon
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K 2-2 M2M-IEpsilon 77 i% 44 & i A2 7~ 15



P

SHANTOU UNIVERSITY

2. M2M-1Epsilon

> X B
c LRI A e % T, A HCMOPSIELE R H 0k £ 0%
AArR A Y REL— M FT@EEE, mAHEAEEE BT
=) B B e 29 RFLAT B ik v bl R Faa) & (PF) 49 % v
o AT IiEM2M-IEpsilondy F sk, T — A6 B AR T
fr B2y R B Bt LA S AR A Rl S R XERG 29 R % B AT

1 &, AR A 1CD-CMOPs,



2. M2M-IEpsilon

- = 5
}'-l-'.zﬁk'%?

SHANTOU UNIVERSITY

2 * PF with constraints

* PF without constraints
¢« Feasible area

(a) ICD-CMOP1

+ PF without constraints
+ Feasible area

2 * PF with constraints

1
(d) ICD-CMOP4

* PF without constraints * PF without constraints
« Feasible area

Feasible area
i ', ¢ PF with constraints 2 % . PF with constraints
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(b) ICD-CMOP2 (c) ICD-CMOP3

* PF without constraints
* Feasible area
2 k * PF with constraints
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* Feasible regions
2 / -+ PF with constraints\
7/ N 3

¢ Feasible regions
+ PF with constraints
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(a) ICD-CMOP6 (b) ICD-CMOP7
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« CM2MJLiuetal., 2016]

« CM2M2[Peng et al., 2017]

 NSGA-II-CDP[Deb et al. , 2002]

« MOEA/D-CDP [Jan and Khanum, 2013]

 PPS-MOEA/D [Fan et al., 2013]

« MOEA/D-IEpsilon [Fan et al., 2017]



#3-1M2M-1Epsilon 5 3 #b.64F & 7% f£ ICD-CMOP1-7 £ ¢4 1GD 52 Ik 245
MK T s Wilcoxonfk Fe e 35 25 R AL Bl kA& FLik gt dt, ThikT i p®

£, M2M-IEpsilonFe
e

4,64 CMOEAS 2 Ja] 7£0.05 5
At 4 7 A 24K T S TM2M-

IEpsilon, “S-D-I" %-#| & ~M2M-IEpsilonft . R 2% £ F X% T48 5 49 rb 45 CMOEAs.

: M2M- NSGA-I1I- PPS- MOEA/D-
mean 1.864E-02 8.498E-021 1.486E-01ft 3.231E-01% 3.116E-01} 2.972E-01% 2.622E-01+
std 3.435E-03 3.062E-02 3.275E-02 1.288E-02 4.874E-02 6.516E-02 7.197E-02
mean 1.206E-01 2.262E-01+ 1.472E-01 3.085E-01+ 2.730E-01+ 2.648E-01+ 2.662E-01+
std 8.591E-02 6.088E-02 6.211E-02 2.563E-02 7.499E-03 5.664E-03 1.599E-02
mean 2.045E-01 3.224E-01+  3.984E-017 8.539E-01+ 4.846E-01+ 6.365E-01+ 4.438E-01+
std 8.403E-02 8.045E-02 6.471E-02 8.117E-02 9.174E-02 1.847E-01 9.821E-02
mean 2.156E-02 2.139E-011  8.499E-02} 3.335E-017 2.855E-01F 2.861E-01% 2.856E-01+
std 5.175E-02 7.353E-02 6.053E-02 2.387E-02 1.496E-02 1.216E-02 4.306E-02
mean 4.991E-02 1.272E-01+ 1.713E-01% 2.931E-01% 3.241E-01% 3.093E-01F 2.840E-01+
std 2.054E-02 2.968E-02 2.306E-02 4.749E-02 4.252E-03 1.437E-02 4.158E-02
- mean 3.920E-01 4.110E-01 3.149E-01+ 8.050E-01+ 7.178E-01% 3.517E-01 7.258E-01+
std 1.192E-01 1.182E-01 1.016E-02 9.639E-03 1.550E-02 4.736E-02 2.651E-02
mean 4.917E-01 5.442E-011 5.350E-01ft 7.466E-017 7.190E-01% 4.000E-01+ 7.242E-01%
! std 2.782E-02 4.888E-02 2.516E-02 6.895E-03 9.527E-03 5.559E-02 6.622E-03

Wilcoxon-Test(S-D-1) 6-1-0 6-1-0 7-0-0 7-0-0 6-1-0 7-0-0




#3-2M2M-IEpsilon 5 # 4664% 5 3% 72 |CD-CMOP1-7 L 69 HV 52 14 2 M2M-1Epsilonf= 1 #6542 CMOEASs <. d] /£0.05 2 2 1

KT a9 Wilcoxontk o #b 35 25
‘S-D-I’ 5 %) & =M2M-IEpsilontt, F. LB F £ % X% T48 2 4 b 2 CMOEAS,

Test instances

mean
std
mean
std
mean
std
mean
std
mean

std
mean

std
mean

std

o

Wilcoxon-Test(S-D-1)

M2M-
IEnsilon

9.921E-01
4.339E-03
4.983E-01
5.057E-02
3.659E-01
7.7124E-02
8.152E-01
6.995E-02
9.472E-01

2.353E-02
1.899E-01

6.173E-02
3.224E-01

3.325E-02

9.136E-01+
3.881E-02
4.367E-017%
3.027E-02
2.837E-017%
6.309E-02
5.844E-01+
6.767E-02
8.215E-01+

4.121E-02
1.728E-017

5.808E-02
2.587E-017

3.566E-02

7-0-0

AL RATAE F iR G ERE

CM2M CM2M2

8.560E-01+
1.966E-02
4.315E-01+
3.351E-02
2.546E-01+
2.825E-02
7.245E-01+%
8.048E-02
8.064E-01

1.974E-02
2.058E-01

9.262E-03
2.379E-01+

2.841E-02

6-1-0

NSGA-I1I-
CDP

5.214E-01+
2.464E-02
2.602E-01+
5.458E-02
2.393E-01+
8.469E-17
4.131E-01+%
3.134E-02
6.138E-01+

5.995E-02
7.089E-03

7.495E-04
1.410E-01%

6.999E-03

7-0-0

5.508E-01
8.769E-02
3.769E-01+
1.931E-02
2.457E-01+%
2.587E-02
5.108E-01+
1.676E-02
5.805E-01

0.000E+00
8.987E-03+

3.959E-03
1.836E-017

8.906E-03

7-0-0

5.643E-01
1.151E-01
3.844E-01F
1.236E-02
2.541E-01
4.047E-027%
5,037E-01
1.044E-02+
5.879E-01

7.503E-03
4.551E-01

3.631E-02

5.610E-01

3.240
E-02

5-2-0

Tl o af Bk 6 AR 5 7 9 BAK T =4t T M2M-IEpsilon,

PPS- MOEA/D-
MOEAD-COP lyocnp

6.212E-01+
1.325E-01
3.662E-01+
4.243E-02
2.393E-01+
8.469E-17
4.782E-01%
5.834E-02
6.063E-01+

5, 754E-02
1.123E-02+%

1.117E-02
1.754E-01+%

7.550E-03

7-0-0
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4, FRAFR

#£5-183% £i%+H 128 FHVAIGD# ¥ 45 (Mean) Fe4%

Algorithm

£ £ (Std) iz X}

Mean

HV

Std

Mean

Std

M2M-IEpsilon 4.2384E-01 3.6341E-05 4.1359E-03 5.5564E-04
CM2M 4.2380E-01 4.1669E-05 4.8435E-03 8.1076E-04
CM2M?2 4.2250E-01 6.7143E-04 6.2048E-02 3.0149E-02

NSGA-11-CDP 4.1013E-01 1.6709E-03 9.7069E-02 1.7559E-02

MOEA/D-CDP 4.2326E-01 4.9215E-05 6.6092E-02 2 8346E-03

MOEA/D- 4.2342E-01 1.9452E-04 3.6184E-02 1.8989E-02
IEpsilon
PPS-MOEA/D 4.2356E-01 1.5399E-04 2. 4971E-02 1.6936E-02
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1. Fan Z, Yang Z, Tang Y, Li W, Xu B, Wang Z, Sun F, Long Z, and Zhu G. (2021) An Improved Epsilon
Method with M2M for Solving Imbalanced CMOPs with Simultaneous Convergence-Hard and Diversity-
Hard Constraints. Evolutionary Multi-Criterion Optimization: 11th International Conference, EMO 2021,

Springer International Publishing, 2021: 248-256.( &% 4 % £ #1 7| Complex & Intelligent Systems. SCI, IF
=3.791)

2. Z.Fan, Z. Wang, W. L1, Y. Yuan, Y. You, Z. Yang, F. Sun and J. Ruan. Push and pull search embedded in
an M2M framework for solving constrained multi-objective optimization problems[J]. Swarm and

Evolutionary Computation, 2020, 54: 100651. (SCIA & —RXAAF], IF=6.33)
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