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A collaborative evolutionary algorithm for
multi-objective problems

solving constrained

WANG Rui', GU Qing-hua'-'

(1. School of Management, Xi’an University of Architecture and Technology, Xi’an 710055, China; 2. School of
Resources Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The balance of convergence, diversity and feasibility is a difficulty for the constrained multi-objective
evolutionary algorithms. Thus, a collaborative constrained multi-objective algorithm (ConMOEA) is proposed, which
integrates the advantages of the adaptive geometry estimation based MOEA (AGE-MOEA) and the non-dominated
sorting genetic algorithm (NSGA II). Firstly, the Deb constraint dominance is applied to sort the combined population.
Then the individuals in critical layer are selected according to the maximum crowding distance or individual survival
score. Finally, a new population is formed that can fast approach the Pareto front and has good distribution. The
effectiveness of the proposed algorithm is validated by comparing with NSGA-II-CDP, C-TAEA, PPS, ToP, A-NSGA-III,
AGE-MOEA on the DOC test suit. And the performance of algorithms is evaluated by the inverted generational distance
(IGD) and hypervolume (HV). The simulation results show that the ConMOEA has better convergence and diversity.
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T NSGA-II-CDPDE. %} T DOC-5 ik v i, NSGA-1I-
-CDP I NSGA-II-CDPDE ¥ 3K fi# 45 5 25 i 73 A5 72
H Frzs A, ] ConMOEA 5.1:3845 T 1T L) Pareto Rif
7.
342 ASCEEMERRWIE

#4451 T C-TAEA. ToP. A-NSGA-III. AGE-
MOEA. PPS 1 ConMOEA %72 [f] IGD & #5 *F- #4118
bR HE 2. 43T 3R 4 W] #5: ConMOEA #1747 DOC-1.
DOC-2. DOC-4~DOC-8 fir 3k 4 5t . 5 4 T H Ath 5
. DOC-2 3R 1] 3L 1) Pareto R #5 ™ HLASE4E, I H.
AT X AE M, XX AR 2 H br F k2 — A3k

fif, ConMOEA %% 3k 15 7 /N IGD {i. DOC-5 i
T 7] 8 1Y) L S Pareto BV B AT AN IE SN 2 S RFAE,
A 4T X ek HAEZE 1, ConMOEA Lt ToP. PPS #5331 1
T 1 45 5. DOC-3 A1 DOC-9 33k Il 731 (1) 7 47 [X 2k
HA AR /N ARt . 2R ILE, il ConMOEA
LI ARTRAT B U 1 IGD $8 4% 1H, k7] 43 ConMOEA
FEIX ) S E M REAL.

Fseth TS EIVER Y fe AR P S E AbR v 22,
MEEAR R T, 22 HOEVE R4S 1 i3 A5 4E 4 0.000 0e+0,
P B B T0 v I S 3 Pareto R ¥S |, ConMOEA . 13:
7£ DOC-1~DOC-8 [l i |- 34 2 3 H AR B P 78 DOC-
103K bR 2, ToP BVEAIX T ConMOEA. £55 43t
HV {8 #1 IGD {1 13 i, ConMOEA 8£1% 7£ X %4> DOC
v 250 SRAS A U U SO AR 22 e M P i

K6 R T 6 4NHIEEDOC £ 51 o % E i
IZATI 8], 2 WM %231 ToP 5L 1E DOC- 1 K 7] 51 (1)

F 4 6NEZEDOC RFMIK &2 _EIGD B EMFREE

kR C-TAEA ToP A-NSGA-III AGE-MOEA PPS ConMOEA
P hREZE CPIME befEE P AedER CPEIE AREE CPIME bR CPIME ARiEE

DOC-1  4.5879e+2- 2.05e+2 6.0022e-3= 3.6le-4 2.7828e+0- 2.37e+0 3.4564e+0- 238e+0 6.9428e-2- 5.05¢-2 5.8232¢-3 3.3le-4

DOC-2 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN  5.2758e-3 2.72e-3

DOC-3 NaN NaN  2.023 6e+2= 2.0le+2 6.268 4e+2-
DOC-4 3.4293e+2- 6.20e+2 1.1273e-1- 7.40e-2 6.974 5e-1-
DOC-5 NaN NaN  9.6732e+1- 2.02e+2 NaN

DOC-6 2.8376e+1- 1.88e+1 4.389 8e+0- 1.45e+0 1.8592e+0-
DOC-7 NaN NaN  8.9335e-1- 4.8le-1 6.4199e+0-
DOC-8 4.5158e+2- 1.42e+2 5.1045e+1- 2.17e+1 3.8294e+1-
DOC-9 9.4808e-1- 2.33e-1 1.9877e-1- 3.29e-2 2.0705e-2+

2.19e+2 7.0166e+2- 1.10e+2 1.9928e+2= 1.83e+2 4.163 le+2 4.41e+2
6.87e-1 8.2669e-1- 6.56e-1 3.0265e-1- 8.55e-2 1.8215e-2 3.69e-3
NaN
2.94e+0 1.3538e+0- 1.30e+0 4.9424e-1- 1.17e-1 3.0021e-3 1.39e-4
1.69e+0 5.5159e+0- 2.07e+0 9.1740e-1- 3.34e-1 2.5159e-3 1.18e-4
3.09e+1 5.2438e+1- 4.24e+1 6.4730e+1- 1.56e+1 3.9081e-2 1.15¢-3
5.00e-2 9.5315e-2= 1.04e-1 2.2995e-1- 1.24e-2 8.5366e-2 1.36e-2

NaN NaN  7.1145e+1- 1.55e+2 1.9609e+1 4.78e+1

+F S5 6NEZRAEDOC RFNIR R EHV B EMIREE

N C-TAEA ToP A-NSGA-III AGE-MOEA PPS ConMOEA
W3 R K

P bRMEZE IS beEE P bMEE PO bEE PO bEE CPIE b=
DOC-1  0.0000e+0- 0.00e+0 3.4439e-1- 4.29¢-4 2.9402e-2- 6.63¢-2 3.7132e-3- 1.49e-2 2.8752e-1- 291e-2 3.4534e-1 4.37e-4
DOC-2 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN  6.1956e-1 3.61e-3
DOC-3 NaN NaN  0.0000e+0- 0.00e+0 0.0000e+0- 0.00e+0 0.0000e+0- 0.00e+0 7.4257e-3- 2.55e-2 1.0562¢-1 1.52e-1

DOC-4  0.0000e+0- 0.00e+0 4.3159e-1- 8.47e-2 1.5779%e-1-
DOC-5 NaN NaN  1.4066e-1- 1.52e-1 NaN
DOC-6  0.0000e+0- 0.00e+0 0.0000e+0- 0.00e+0 7.403 8e-2-

1.72e-1 1.2825e-1- 1.70e-1 2.4494e-1- 7.28e-2 5.4233e-1 4.26e-3
NaN NaN NaN
1.29e-1 3.9457e-2- 9.60e-2 1.8074e-1- 6.02e-2 5.4226e-1 5.32¢-3

2.2892e-1- 1.64e-1 4.1014e-1 1.79e-1

DOC-7 NaN NaN  2.7424e-2- 5.10e-2 0.0000e+0- 0.00e+0 0.0000e+0- 0.00e+0 1.758 0e-2- 8.59¢-2 5.4905e-1 7.52e-3
DOC-8 0.0000e+0- 0.00e+0 0.0000e+0- 0.00e+0 0.0000e+0- 0.00e+0 2.0053e-5- 1.10e-4 0.0000e+0- 0.00e+0 8.2725e-1 1.35e-3
DOC-9  0.0000e+0 0.00e+0 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
&6 6 NEIETEDOC AT R ¥ LB 1T E) ) E I EFiREE
S 2 C-TAEA ToP A-NSGA-IIT AGE-MOEA PPS ConMOEA
P 4 ° o
TEME S tedEzE TPRIE WRdEE TWME MR TWE fdExE THE fikxE T miExE

DOC-1 2.6664e+2- 2.11e+1 8.1784e+0+ 1.36e+0 1.4927e+1-
DOC-2  3.8282e+2- 7.65e+1 1.2149e+2- 1.83e+1 2.1372e+l-
DOC-3 2.8186e+2- 3.34e+1 5.4359%+1- 5.45e+0 1.698 Se+1+
DOC-4 2.5717e+2- 1.93e+1 3.2756e+1- 1.84e+1 1.654 le+1-
DOC-5 2.6569e+2- 2.04e+1 4.4875e+1- 3.57e+0 1.591 6e+1-
DOC-6 4.159 5e+2- 2.2le+2 8.7530e+1- 4.32e+0 2.4800e+1-
DOC-7 4.684 le+2- 3.92e+1 5.3075e+1- 3.89e+0 1.5393e+1-
DOC-8 1.3484e+3- 1.09e+2 1.1182e+2- 8.29e+0 3.757 le+1+
DOC-9 1.2237e+3- 1.12e+2 1.1057e+2- 7.12e+0 4.377 de+1+

1.68e+0 2.7289e+1- 1.63e+0 6.7675e+1- 5.79¢+0 1.2432e+1 9.29e-1
2.36e+0 2.7252e+1- 3.14e+0 9.8794e+1- 9.60e+0 1.5925e+1 1.25e+0
1.62e+0 2.8444e+1- 1.51e+0 6.8529e+1- 5.09e+0 1.9782e+1 5.28e+0
1.73e+0 2.133 le+1- 2.06e+0 6.896 le+1- 8.41e+0 1.3424e+1 1.45e+0
1.23e+0 2.6509e+1- 2.00e+0 6.429 Oe+1- 4.71e+0 1.4019e+1 5.43e+0
5.20e+0 3.6079e+1- 9.16e+0 6.6727e+1- 4.96e+0 1.330le+1 1.07e+0
1.24e+0 2.703 7e+1- 1.99¢+0 7.192 le+1- 5.49¢+0 1.426 0e+1 1.20e+0
3.42e+0 1.8494e+2- 1.68e+1 1.7771e+2- 1.39e+1 6.9751e+1 4.98e+0
3.02e+0 1.1494e+2- 1.43e+1 1.8121e+2- 1.52e+1 8.014 le+1 6.48e+0
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I 1) E 3% fe /D, A-NSGA-IIL 55 72 DOC-3. DOC-8.
DOC-9 Ml 2k 7] @ I ¥E B % 4. 11 ConMOEA % 2
7£ DOC-2. DOC-4 ~DOC-7 [1] {5 I3z 47 i 7] F 4.
7t DOC-8 #1 DOC-9 Ml i 7] & -, ConMOEA #. %
bt A-NSGA-TIT 5 7 FE Bf i K, bh 3 il 5 9% 4. i
Z.,ConMOEA i AE K 43 Ik 1) #_F 52 47 15 [H]
B, HIRAR IRRA 2 0 A Ml R S S A A e

WME R 4~ F 6 H HAH LS ConMOEA 1k
U6 45 B, EL ¢ IGD $8 4%, A-NSGA-TIT 532 76 1 /N33,
] _E AR T ConMOEA 53, 7 6 ANl 1) @195 F
ConMOEA 5. ConMOEA 43 HJ7E 5. 6+ 6+ 74Nk
] f%_E 4k F C-TAEA. ToP. AGE-MOEA. PPS. X} T
HV 55, ConMOEA k31 T HoAthx b k. xf b
IZAT Y 8], AXNSGA-II SHELE 3 AN AR 7)1 I8 47 )
5] bt ConMOEA 5.7 5, ToP 76 1 4~ W32 i) & L i ik
ConMOEA &k, 78 HAth ] #5135 Lt ConMOEA 514
AT TR, T ) 4 %o Eb S92 PR a4 T ) ) ¥ B SR A
.

K2 7R T % 59%4E DOC-1. DOC-4. DOC-8 il
A R BT IS 4T 30 IR I3 45 2R, 7E DOC-1 7]
I, C-TAEA 5.1 58 4 3% H $23 Pareto §I ¥, M fo B
0 B AT LU, AR fo b5 R 2. A-NNSGA-III
1 AGE-MOEA HVE Y i 1 — 2H 178 35 3L S 1 v (1)1
1T 8L Pareto 1 ¥1¥, 15 B 5E Pareto BT ¥ N MDIR H. £, #1
fo WHEERTE O ~ 15 4, T A-NSGA-TIL7E fo b K
{E 1% % 3.5, AGE-MOEA 7£ fo i KA IS 4. {X ToP
1 ConMOEA 53238145 1 AL 113 fLL Pareto AT ¥, 12
2 T it 1) AR R TR I — 4, PPS SRy 3R 45 355 40 1 10
HIVR. X T DOC-4 Wl i % %5, C-TAEA 9% 1) 2 # 14
B, RGN AR AT EAR T, 3R15 1 K 2 B
PO TR AR, 32 AR TR AE PR /INER 43 B SR WS B k. PPS
SEIRAT T /N 43 42 3T L5 Pareto BV (1) A R,
1Ml ConMOEA 5.3 JL°F- 35 15 %&£ A~ 31 bl B 5K Pareto Al
75, A-NNSGA-III. AGE-MOEA %14 3K fift 45 B 55 |
SE Pareto A 15 H A FF & B SZ AT 1 LA 2 4R, ToP
SRR g BAFAE — S ST LR, v RE R Bk R
Z ARE— AN R 2 B HE SR SR B SR AR X — )
. DOC-8 & — /N BA 3 H br 26 AN & ST vl ik
] /8, ConMOEA 5.7 38 45 1) fift 42 1T F 5K Pareto A 9%
H A A 3553, i Fodth 5 AN BRI AR IRAF AT AT A
4 4 ®

A [ NSGA-TT Al AGE-MOEA .3 i 43 1) .
A 11 RS RO T A T Pareto BT TR B4 54,
A Deb R SCRCHE T — P AR A B0 Pt itk

AT I LA NSGA-TT 5 048 % 5] 3 F- 4R B AL, Sl
PRI S 5 IR ) AGE-MOEA 535, LLRT H{RA%
VA AT RN BRI N N — ARk i, e s 1 i 5
RIBAT R, W FRAF ) Pareto RT3 N4 &
55 Pareto HUWE AR, Z56 M tME L VL S Hiph 6
AN % H bR FETE DOC R 41 ik o6 £ _F 1 45
R, BoRUME SR SR s R B i s £
FE. AP H Y ConMOEA H3%:fl & 7 NSGA-TT 5
1%, BT LA NSGA-TT B2 7E K fif =y 4 22 H b 1] RS HH 2R
PEREIR Ak ] AR AR FEA B 2 AL, T — B Al
TN R A S B ) 5 DA B SE I B H A ORI, SERR
e 2 H AR 2R ) R SR RS SR WSt . 2 RETEAN
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