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Abstract: The preference-based multi-objective evolutionary algorithms are the sort of evolutionary algorithms to assist the decision
maker (DM) in finding interesting Pareto optimal solutions. At present, the inappropriate locations of the reference points sometimes
seriously impact the convergence performance of the algorithms when the locations of the reference points are used as the preference
information during the optimization. Moreover, the size of the preferred region is difficult to control. And the comprehensive performance

of the algorithms will degrade in dealing with many-objective problems. To address the above issues, in this paper, the self-adjustable
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preference-based radius is calculated to build a new preference relation model, and by dividing region of interest (ROI), a
preference-based multi-objective evolutionary algorithm based on the division of Rol is proposed. The proposed algorithm is compared
with four reference point based multi-objective evolutionary algorithms (g-NSGA-II, r-NSGA-II, angle-based preference algorithm and
MOEA/D-PRE). The results show that the proposed algorithm has good convergence and diversity, and at meantime allows the DM
control the size of the preferred region. In addition it has a good convergence in addressing the many-objective problems.

Key words: multi-objective evolutionary algorithms with preference; reference point; adaptive preference radius; preferred region;

decision maker
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KRB Z 2% (AL B R R NEAT AT . /£ Pareto [ EAIERAATI8A 3 Ffs o0, B AR B E L
1.

Table 1 The position of the reference point for different test functions

x1 AFRMKRESH SNAE

VIRENESRA ANH] A7 35k Pareto [ I AT
ZDTI2 %) (0.10, 0.20) (0.50, 0.30) (0.50, 0.60)
ZDT2(2 %) (0.20, 0.40) (0.60, 0.64) (0.70, 0.60)
ZDT3(2 %) (0.20, 0.20) (0.24, 0.28) (0.40, 0.60)
ZDT4(2 %) (0.10, 0.30) (0.50, 0.30) (0.50, 0.60)
ZDT6(2 %) (0.30, 0.20) (0.60, 0.64) (0.70, 0.80)

DTLZ1(3 4k)
DTLZ2(3 4k)
DTLZ3(3 4k)
DTLZ4(3 4k)
DTLZ5(3 4k)
DTLZ6(3 4k)

(0.10, 0.20, 0.10)
(0.20, 0.30, 0.40)
(0.30, 0.40, 0.50)
(0.30, 0.40, 0.50)
(0.30, 0.30, 0.40)
(0.30, 0.30, 0.40)

(0.12,0.15, 0.22)
(0.50, 0.70, 0.50)
(0.40, 0.80, 0.45)
(0.50, 0.50, 0.70)
(0.40, 0.40, 0.82)
(0.40, 0.40, 0.82)

(0.30, 0.40, 0.50)
(0.70, 0.80, 0.80)
(0.80, 0.80, 0.80)
(0.60, 0.60, 0.80)
(0.70, 0.70, 0.80)
(0.70, 0.70, 0.80)

W iF 2 B ARBLVE AT IR (0 ROT K /NIAS [A] Y5 25 10 55 1 38 B AR 4721242 R BRABL () Ve B OM[0,1],F 35 43 i
20 S (S HB B E N 0.05, 9V B 7 (8, X il 1 B 7 K BE R 0. 1) 3 AT 5286, IR G T AU % 80 d TR R TR
18 GDWPVE AR Ak R, 37 2 SE s 30 YUK 9 i, 45 H T 2k 1)@ DTLZ1. BRTH 4 8 DTLZ2 VLR
i BT T 1) B DTLZ4 76 3 e H AR, 5 ZEH AR, 8 48 HARA 10 48 H b LA szi 25 5K 9 W] & /e AR [ 59 B
FRAERCT Bt 5 A U7 2 4% RO 388 o, Fh B Ui SO FE A 2 B THEa 3 FE DTLZ2-5 W, 24 d=0.0 I, BVE315 /0 GD (i %
/N ABLI BT ARAT ) A o DX 30 SR R 31— R A B PSR PR R 2 BEME I W SR AE DTLZ1-10 1,24 d=0.5 i, 5k
SRAFH) GD B /IS, S5 BT3RS 00 D - DX 358 L A O M DA A W 54 2 1 25K 24 @=0..05 I, 246 38 73 WX, v 8 i 3
216 GD (/N H AR i A T8 GD . il XK/ S B & M Am i 45 FIRE@M KR, RE G —RE
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Fig.9 1In[0,1] the average is divided into 20 equal scores, the Rol division algorithm
has the GD mean value of the different test questions and objective dimensions
K9 FE[0,11% d ~F 2553 1 20 55 708, i 5 DX 381 73 R0 A6 AN R 0K e R H B 42507 GD Y918
R CAN B FIRAE GD MERETE br Y25 5 AR SR Friedman test 77 R4 1% 07 ik 2 — R R RE SEBLX 22
A BRI AT R T AFAE 35 72 7 AR S UG 167775, LR B 2 MEC REASKR B 24 Bk A o i 2 22 7,
AN SRR p BN T4 8 B SR E VR AP 0.05, WHE 26 S5 B, TA R % L RE A O RRAFAE 2 3 22 57, 2 N IC R AR A
KB Z AR AT R 252 R R WA BEAE 28 IR AR U N S A FEAR I B AR FE B I 22 5 A SR
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Friedman test ¥ 5 3¢ #E4T 1 22 5 bLe, He b 78 A8 8] 209 300 ot B s o, &2 385 & 0 B B A8 K number, 28 2 13 bR
188 number™, 55 3 {FMIARIC N number™, 55 4 {FFUARIC Y number” I8 AR FRIE, Bl number(number 483 4% A%
e RHAR).
322 % pEA RS E B SR

15O T2 B RS o AN GG 105 35 05 7 B AT 68 ™ 552 W S e S R AR AN [F) 225 s
BREEMHEEWEA RIS, A EARMEBENSE SEE LR LFBEATHES ¢-NSGA-II.
-NSGA-II. i FE fm i 5% & MOEA/D-PRE iX 4 Fh &0k k4T % L S

x24T HSH ST 5 FhEVESSIIZAT 30 RSEIRPTIRAF 1 GD $RFMAE. 3R 2 W A1, A CE
VEAER Z 80N 8 0 GD EGARYE GD PN b, M) GD E/NT 0.01, U Bl iZEVE AR B U sl H GD {a#
AN AREE TS BB A /N T 0.01 HLLLFAth 4 Bb STVE AR5 10 GD (EL#8/IN, Ul B 2R S50 B A e i Ui
S BB IX 2 R D AR R R S 3 R 415 SR O R A%, R e (X 38R 40 ML 1) B s DR o e R B R SR
BT SR RS TR, Y IS R A BRI 38 K T J 9 R, N $2  1 S R 8k . g -NSGA-TT 7 DTLZ 1
DTLZ3.DTLZ6 M3k [ & (%) GD {E# KT 0.01, 18 B 1% 5% 70 X Lk (7] 1 H 3% A 8. r-NSGA-IT FTE4 K £
B ) P AR RIS B RS K GD B B A ST HIVE R GD {H B K, A SCHEIE ARSI RE L +-NSGA-TT F 4T,
F I BVEAE ZDT3. ZDT4 I 8 L, GD 15 KT 0.01,3 B SvE A WSk 78 Hoth I3k i L S0 vk e i Ui
SR GD i H H A SC L B K MOEA/D-PRE 7E B A3 MK (7] B 1 #0858 4% W 8, e 78 A s 1) & 1B DTLZ 1
SRS GD 18 Eb A S B8 /N 22 Ah, HoAth 1] B 345 (9 GD 8 3 b AS SC 23516 GD B #5306 B A SC 803k iR iae 8
% bt MOEA/D-PRE T 4.

E10~F 14 51 T 4555 S AEAAATER,S AR DTLZ3 WK )8 L SRR m 45 5= N 11 /T Ll
FE H,g-NSGA-IT %A IS 12 ATLLE H,r-NSGA-IT1 A S HAMAR A TE Pareto T L, 3 BIIRSUHEA T N
13. B 14 A1 10 7T LB B, M B IF 5. MOEA/D-PRE Fl 7S XC5732: 35 B A5 BT s Sk ik

Table 2 Reference point in the infeasible region, the 5 kinds of algorithm GD index value, the best marked for the
number', the second best for the number", the third good mark for the number™, the fourth good mark for the
number", the worst not marked as number, bold represents the minimum value of GD obtained
£2 S LERTITIE,S FREVEN GD bR, B BT AR 124 number', % 2 47 145129 number", 5 3
I ARSI N number", 5 4 &F (bR number” , B A FR L, B number AR R FT3E GD #fE 5/

HIURZY A B DX 3 K 4 B 2-NSGA-II r-NSGA-TI F R 5% MOEA/D-PRE

BRI AL R 2L %= P U5 % FHE 7% S s P 05 %

ZDT1 | 1.92E-05" 2.32E-11"| 7.27E-05 3.17E-10"™ | 2.95E-05"  1.90E-09 | 6.28E-05"  1.34E-11" | 4.02E-05"" 1.88E-09"
ZDT2 | 8.83E-06' 3.61E-12' | 2.26E-04 8.62E-08" | 1.54E-04" 1.06E-07 | 1.03E-04" 3.16E-11" | 4.08E-05" 1.19E-10"
ZDT3 | 1.03E-05' 4.19E-13' | 7.26E-0"  1.70E-06 | 3.49E-05" 1.06E-09" | 2.21E-02  3.28E-10" | 3.71E-04"™ 9.23E-07"
7ZDT4 | 472E-05' 1.59E-09' | 4.17E-04" 4.89E-07" | 6.92E-03" 2.57E-04" | 3.41E-02  7.48E-04 |2.24E-03"" 536E-06"
ZDT6 | 1.63E-05' 1.80E-11' | 1.50E-02 1.20E-05" | 1.96E-05" 2.36E-11" | 1.07E-03"" 7.44E-09"" | 5.97E-03"  3.70E-05
DTLZ1 | 2.50E-04" 2.24E-10" | 1.18E+01 1.69E+01 | 3.32E-03" 2.49E-04" | 3.10E-04" 9.04E-09"" | 2.40E-04' 1.89E-11'
DTLZ2 | 5.04E-05' 6.06E-10" | 9.06E-03  6.74E-06 | 4.20E-04" 1.69E-08" | 8.12E-04"" 2.93E-09" | 9.04E-04" 5.86E-08"
DTLZ3 | 9.34E-05" 3.93E-09' | 4.11E+01  5.03E+01 | 3.67E-02" 1.05E-02" | 1.12E-03" 9.91E-08" | 8.78E-04" 3.81E-07"
DTLZ4 | 4.06E-05" 9.26E-10" | 7.68E-03  1.69E-05 | 7.16E-04" 9.37E-09" | 2.53E-04" 3.18E-08"' | 8.09E-04" 3.91E-08"
DTLZ5 | 6.33E-06' 1.68E-11' | 3.79E-03  1.55E-05 | 4.48E-05" 8.76E-10" | 1.86E-04" 7.46E-10"" | 1.76E-04" 5.42E-08"
DTLZ6 | 4.08E-03" 1.43E-06' | 3.92E-01 2.95E-02 | 3.65E-03' 1.46E-06" | 6.58E-03" 7.73E-06"" | 6.40E-03" 9.99E-06"

M 3 FTLAE 2455 AR 52 Pareto [ LIS, BR ZDT1 2 4h, 4 SCE0VEAE HoAh it 6 8B BT3R89 GD
BT L H A LR A3 1) GD A 5 /N, BB AR SC B9 B BT W 8t B g-NSGA-IIL 7 ZDT4. DTLZ1. DTLZ3
I DTLZ6 25 3% b8 $ - AW S, i WH 5 2% 55 76 L 5K Pareto THI B, 355 2045 9E MATEE T g-dominance %1l 43 flag=0
X3 H MR g-dominance ZHERIC FR,IX LS5 J ARG flag=1 H BFIASER BT SCHC, AT 52 M T 5515 1 e 80
RE;r-NSGA-II 7E BT A M i R b, B30 e S AR WSROk SR AR SC AR 0T 4 FE A VA TE ZDT3. ZDT4 i
Wi S8 SR 4 22; MOEA/D-PRE 7E ZDT6 _E (e St BEAS an Hefs 4 Fh A%
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Bl 15~E 19 EMHh R BT 24225 f9 Y5 7E Pareto T _E 5 FAEVETE ZDT1 AR () 8 1 1) 45 . NE 16 A1
17 7] A% H,g-NSGA-I1 1 --NSGA-IT JIr 3845 1) i AIe A A~ A S5 UST S 81— AR /N AR X33, 3 201 A B W 2 o SR
PSR BT 18 T LA HY, Ay B2 i 4 S35 A7 /D B A A Sk 21 Pareto T AT 15 A& 19 W] LA HY A SCH
%1 MOEA/D-PRE (St B« 43 A0 1 e L Ho A 3 Fo SRR 247
Table 3 Reference point in the real Pareto front, the 5 kinds of algorithm GD index value, the best marked for the
number', the second best for the number", the third good mark for the number'", the fourth good mark for the
number", the worst not marked as number, bold represents the minimum value of GD obtained
£3 5% S{EH K Pareto [ 11,5 FEVE N GD Habs H, 2 B 10 F71E A4 number', 55 2 47 (4451 4 number”,
55 3 WHIARIEN number™, 55 4 #F (UFRICN number" R A FRAE, B number, MR AC R BT GD $fE f
RN i i DX 4030 93 0 g-NSGA-II r-NSGA-II S0 A 5 S MOEA/D-PRE

B B T H{E g T HE i % T HIE i % T H{E i % T H{E %

ZDT1 | 8.17E-06" 4.59E-12" | 6.45E-06' 1.86E-12' | 2.18E-05" 2.00E-09 | 7.45E-05 3.59E-10™ |3.81E-05" 1.14E-09"
ZDT2 | 6.91E-06' 1.83E-12' | 2.44E-04  3.39E-07 | 2.00E-05" 1.15E-09"™| 1.06E-04" 4.68E-11" |4.68E-05" 2.90E-09"
ZDT3 | 1.26E-05' 7.26E-13' | 2.91E-05" 8.71E-10" | 2.67E-05"" 5.08E-10""| 2.20E-02  7.21E-10"Y |3.26E-04"Y 1.16E-06
7ZDT4 | 4.47E-05' 1.07E-09' | 9.03E-02  4.10E-02 |3.62E-03"" 1.13E-04"" | 2.93E-02" 2.85E-04" | 2.91E-03" 1.13E-05"
ZDT6 | 1.74E-05' 2.56E-11' |3.32E-04" 1.30E-06" | 1.87E-04" 2.76E-11"| 9.08E-04" 7.11E-09" | 7.10E-03  4.58E-05
DTLZ1 | 2.37E-04' 1.47E-09' | 1.08E+01 4.97E+01 | 3.90E-03" 3.77E-04" | 2.78E-04""  4.38E-09" |2.38E-04" 2.38E-04™
DTLZ2 | 4.30E-05' 3.63E-10' | 2.79E-02  3.85E-05 | 1.88E-04" 8.89E-10"'|8.62E-04" 2.11E-09" |8.93E-04" 4.11E-10"
DTLZ3 | 1.09E-04" 9.00E-09' | 3.92E+01 4.42E+01 |2.87E-02"" 8.65E-03" | 9.87E-04" 4.78E-07" |9.01E-04" 8.87E-04™
DTLZ4 | 2.51E-05' 3.23E-10' | 1.44E-02  1.09E-05 |5.63E-04" 9.41E-09" | 1.70E-04" 4.12E-08" | 7.37E-04" 6.47E-08"
DTLZ5 | 5.05E-06' 3.79E-12' | 8.22E-03  8.30E-05 | 2.24E-05" 3.01E-10"]1.50E-04" 8.83E-11" | 1.63E-04" 3.28E-09"
DTLZ6 | 4.00E-03' 5.59E-07' | 3.87E-01 2.08E-02 | 4.21E-03" 1.12E-06" | 6.90E-03"" 1.10E-05" | 7.75E-03" 9.52E-06™

M 4T LLE H, M55 fU7E ATAT 30 B AR SCBOETE B 1O ek 8 1 19 GD (B A B2 18 GDAE TR/,
T B A SO RSO R AU 5 g-NSGA-TT 7R BOHE il 7] &, 1 DTLZ1. DTLZ3. DTLZ6 | GD fHKT 0.01,
VLB g-dominance 2L FR7E ALHEHHE M B 7] I B A — 58 19 )5 FRP£;r-NSGA-II 7£ ZDT1. DTLZ2. DTLZ5
i) BT RIS GD (B L At 4 PRI GD B EE K, Ut B 12 BVETE X Se 3 ) b ) WA Sl A b A B9 2
24 1T BVEAE ZDT3. ZDT4 b B8 it RS 5 2% ;MOEA/D-PRE 7E ZDT6 L HI SIvE s A i Hefln 4 A B0

Table 4 Reference point in the feasible region, the 5 kinds of algorithm GD index value, the best marked for the
number’, the second best for the number", the third good mark for the number', the fourth good mark for the
number", the worst not marked as number, bold represents the minimum value of GD obtained
R4 SHSAERATIHIS FOEVAN GD fabifl, B B IR IE A number', 58 2 47 A bR IE A number" 58 3 4F
{5124 number™, 5 4 47 (I AR1C A number", SR A KR IE, B number, Ml {48 K AT 3k GD HufE £/

SR B 4 fidif DX S | @-NSGA-IT _r-NSGA-IL_ il SLFIRGRPS __MOEA/D-PRE

) I8 i % T i % A2k )i % A2k i % T )i %

ZDT1 |8.29E-06' 4.31E-12'|3.73E-05" 5.79E-11" | 5.64E-03  3.07E-06 | 8.62E-05" 7.13E-09" | 2.51E-05" 2.15E-09"
ZDT2 |7.26E-06' 2.08E-12'| 1.49E-05" 1.82E-11" |2.27E-05" 1.85E-08 | 1.08E-04 7.38E-10" | 5.59E-05" 3.26E-10™
ZDT3 | 1.79E-05' 6.62E-13' | 2.41E-05" 2.97E-12" | 7.33E-03" 7.79E-05 | 1.64E-02 4.98E-06" | 7.31E-05"" 4.30E-09™
ZDT4 |5.69E-05' 9.36E-10' [ 4.93E-03" 1.00E-04" | 1.11E-02" 7.30E-04 | 3.07E-02 6.25E-04" | 1.88E-03" 4.77E-07"
ZDT6 |1.71E-05' 1.68E-11'| 1.80E-05" 2.24E-11"|2.01E-05" 2.39E-11"|8.12E-04" 3.86E-09" | 5.57E-03  5.53E-05
DTLZ! |2.26E-04' 1.33E-10'| 1.33E+01 1.54E+01 | 3.32E-03" 7.64E-05" | 2.47E-04" 3.93E-09"" | 2.41E-04" 2.31E-10"
DTLZ2 |4.61E-05' 1.55E-10'| 4.98E-04" 9.23E-09" | 8.23E-03  7.96E-06 |8.61E-04" 3.89E-09""|9.25E-04" 1.75E-10"
DTLZ3 |8.61E-05' 5.51E-09'| 3.69E+01 4.99E+01 | 1.60E-02" 1.03E-03" | 9.16E-04" 1.62E-08" | 8.83E-04" 2.08E-08 ™
DTLZ4 |2.98E-05' 6.52E-10'| 6.37E-03  2.50E-04 |7.49E-04" 1.64E-08" | 2.23E-04" 3.05E-08" | 8.31E-04" 2.70E-08™
DTLZ5 |7.67E-06' 2.17E-11'| 1.30E-04" 1.07E-09" | 9.54E-03  3.70E-06 | 1.95E-04" 1.84E-09""|1.63E-04"" 7.84E-09"
DTLZ6 |4.06E-03' 1.43E-06'| 4.09E-01  2.08E-02 | 4.83E-03" 1.17E-06" | 6.48E-03"" 7.07E-06"" | 7.66E-03" 1.06E-05"

K 20~ 24 B UM S W T 2452 S IR AE AT AT N5 R AE DTLZS I ) &8 i 45 RONE 21 AT LLE
H,g-NSGA-IT REL IS 1B FE A REFRTE Ve SR A B 1) ROT K/ AR 22 T DL Y r-NSGA-IL T 3R 15 (1) i & i 45
RISGE 20, B 24 FT LR A B O 07 55092 R0 i 47 DX 38 2 B2 # e U 8l L vk 5% 3 T LU3RAS AR 21 RO
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Fig.25 Five kinds of algorithms on different test question always unavailable, including (a)~(c) the abscissa

represents meaning for (1-ZDT1, 2-ZDT2, 3-ZDT3, ZDT4, 4-5-ZDT6, 6-DTLZ1,
7-DTLZ2, 8-DTLZ3, 9-11-DTLZ6 DTLZ4, 10-DTLZS, test questions),

(d) on behalf of the five kinds of algorithms in 5, 8, 10, 15 dimension DTLZ2, DTLZ3 test results
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Table 5 On the 5, 8, 10, and 15 dimension DTLZ2 test questions, the 5 kinds of algorithm GD index value, the

best marked for the number', the second best for the number", the third good mark for the number, the fourth good

mark for the number"”, the worst not marked as number, bold represents the minimum value of GD obtained

2 BT I FRE N number’,

#S5 TE5. 8. 10, 154 DTLZ2 MK &[5 FEVER) GD fabrid, i
5 2 IFHIFRIE N number', 5 3 1F BI4R1C 9 number™, 5 4 {3 HIFRIE DY number”
IR AR, B number, # AR R BT 3K GD HUE /)

i U X 3K o B 2-NSGA-II r-NSGA-II 1 BE i I 341

MOEA/D-PRE

WA e g [ TRE . nE | TR hE | AR 5 E | TR

DTLZ2(5) | 9.20E-05" 5.73E-10" | 9.78E-02  9.08E-05 | 6.48E-04" 1.06E-08" | 5.33E-03"" 1.25E-07" | 5.34E-03

Y 320E-09"

DTLZ2(8) | 1.50E-04' 1.18E-09' | 1.57E-01 5.57E-06 | 1.16E-03" 8.43E-09" | 1.39E-02" 1.74E-07" |6.41E-03™ 8.17E-09"
DTLZ2(10) | 1.48E-04' 1.59E-09' | 1.61E-01  2.93E-06 | 5.75E-03" 5.46E-08" | 1.93E-02" 2.29E-07" |7.12E-03™ 7.40E-09"

DTLZ2(15) | 1.82E-04' 2.32E-09' | 1.63E-01 3.10E-06" | 1.56E-02" 5.50E-08" | 2.57E-02" 4.34E-07" | 2.00E-02"

5.97E-06
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Table 6 On the 5, 8, 10, and 15 dimension DTLZ3 test questions, the 5 kinds of algorithm GD index value, the

best marked for the number’, the second best for the number”, the third good mark for the number™™, the fourth good

mark for the number", the worst not marked as number, bold represents the minimum value of GD obtained
&6 765, 8. 10, 154 DTLZ3 Wi @ L,5 Fh 57 Frak A9 ANA 1Y GD Fabrfi, 3% B (47129 number!,
55 2 W IARIEN number™, 55 3 {F I FRIC N number™ %5 4 #F 1IARIE N number",
B AFRIE, B number, # AR TR GD Hfl i/

R 2 Rl X 3k 4 B 2-NSGA-IT r-NSGA-II i FEE R U 20 MOEA/D-PRE
) FHE B E FEIME 7% SFHME Ji%E MG HE MG Ji%E

DTLZ3(5) | 9.82E-05' 5.89E-09' | 1.01E+02  1.60E+01 | 4.99E+00" 3.66E-01™ | 1.50E+00™ 1.29E+01" [5.34E-03" 6.97E-09"
DTLZ3(8) | 1.20E-04" 1.35E-08' | 1.31E+02 5.05E+00" | 7.86E+00" 5.95E-01" | 6.41E+00"  1.87E+02 [1.31E-02" 6.78E-07"
DTLZ3(10) | 1.52E-04' 9.19E-09' | 1.38E+02 2.50E+00" | 8.51E+00" 5.21E-01" | 6.04E+00™ 1.85E+02 [1.92E-02" 8.92E-08"
DTLZ3(15) | 2.19E-04' 1.42E-08' | 1.42E+02 2.72E+00" | 8.62E+00" 8.89E-01" | 8.96E+00"™  2.12E+02 [2.06E-02" 6.13E-06"

ZEA LA BRI 45 R, 5 g-NSGA-II. r-NSGA-II. i X EL 5% & MOEA/D-PRE LHE A SC B VE TR AL B v 4
A A LA R T S A T e
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