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their modified version on 42 DTLZ problems; non-dominated fronts obtained by each algorithm on
DTLZ1 and DTLZ5 with 1000 decision variables and three objectives.
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y. !‘ . 1000 | 2.51E-1(8.08E-3)—  2.50E-2(2.56E-3) | 144E-2(5.03E-4)~  L40E-2(2.34E-4) | 1.84E-1(8.10E-3)—  249E-2331E-3) | 331E-I(141E2)— 242E-2(335E-3) \.\ L | el ‘U T Y N\
" " - WFG6 — 300 | 3.26E-1(1.05E-2)~  3.29E-1(2.14E-2) | 3.27TE-1(491E-3)+  3.51E-1(4.06E-2) | 340E-1(1.83E-2)~  3.53E-1(2.24E-2) | 3.05E-1(231E-2)—  2.70E-1(5.14E-2) \ 4 N N
. 3 500 | 4.43E-1(8.59E-3)—  3.39E-1(2.33E-2) | 3.30E-1(5.71E-3)~  3.37E-1(1.18E-2) | 4.39E-1(1.40E-2)—  3.61E-1(3.06E-2) | 7.06E-1(2.06E-2)—  2.65E-1(5.35E-2) %] Vb 15] 15] 'R Y 1.3] y
! — 0 !JL . 1000 | 5.81E-1(1.60E-2)—  3.37E-1(2.58E-2) | 3.27E-1(797E-3)+  3.44E-1(1.62E-2) | 6.00E-1(1.50E-2)—  3.68E-1(3.05E-2) | 7.71E-1(2.26E-2)—  2.41E-1(2.62E-2) | \ &) A A (T 1
. p l — l]] '1 1"1 200 | B.80E-2(3.13E-3)F  7.62E-2(2.31E-2) | LS9E-1(1.53E-2)—  T.6IE-2(3.04E-2) | 2.I15E-2(9.04E-H)+  3.10E-2(2.70E-3) | 5./SE-2(4.08E-3)—  S5.01E-2(6.13E-3) _ . 1 . A R VoW
, L 2 500 | 1.32E-1(1.04E-2)—  6.93E-2(1.29E-2) | 247E-1(1.18E-2)—  7.76E-2(2.07E-2) | 7.33E-2(8.23E-3)—  476E-2(1.01E-2) | 1.67E-1(8.06E-3)— 6J0E-2(1.21E2) | - =) ‘ ot - .
1000 | 2.33E-1(1.54E-2)—  7.82E-2(1.88E-2) | 2.81E-1(9.59E-3)—  8.19E-2(2.34E-2) | 1.79E-1(2.61E-2)—  5.06E-2(1.61E-2) | 2.57E-1(7.48E-3)—  7.53E-2(1.86E-2) o' . . - — 0 - - - . ot - - - — 0! . - - .
- v WFG7 300 | 498E-1(1.60E-2)=  4.73E-1(8.07E-2) | 4.81E-1(9.67E-3)—  4.22E-1(245E-2) | 4.45E-1(4.04E-2)—  3.66B-1(4.31E-2) | 422E-1(161E-2)—  3.31B-1(4.67E-2)  ° B . e . - S oo = & e : . = = & ke E . = =
/ L' % 500 | 5.81E-1(1.83E-2)—  4.29E-1(8.30E-2) | 4.92E-1(1.18E-2)—  4.25E-1(2.72E-2) | 5.75E-1(2.32E-2)—  3.90E-1(549E-2) | 5.37E-1(1.45E-2)—  3.62E-1(5.43E-2) ' ' 1 !
I 1000 | 6.47E-1(1.19E-2)—  4.45E-1(6.38E-2) | S5.00E-1(8.60E-3)—  4.33E-1(1.67E-2) | 6.58E-1(1.63E-2)—  4.00E-1(6.86E-2) | 5.75E-1(1.48E-2)—  3.66E-1(5.43E-2)
f 200 | LI3E-I(7.11E-3)+ 1.J0E-1(3.66E-2) | 2.40E-1(1.52E-2)—  1.47E-1(9.62E-2) | L.OOE-1(7.13E-3)+ 1.41E-1(1.30E-2) | L60E-1(6.43E-3)—  LOIE-1(5.18E-2) LS-NSGAI LS-MOEAD-DE LS -SMS-EMOA e
]j' 1 2 500 | 1.65E-1(4.72E-3)~  1.70E-1(1.43E-2) | 2.18E-1(205E-2)—  1.23E-1(5.55E-2) | 1.46E-1(583E-3)+  1.68E-1(1.16E-2) | 2.34E-1(5.20E-3)—  6.11E-2(2.28E-2) 2 . g g
’ i 1000 | 2.21E-1(5.62E-3)—  147E-1(5.18E-2) | 2.17E-1(2.03E-2)—  LO4E-1(746E-2) | 1.92E-1(6.31E-3)—  1.78E-1(1.28E-2) | 2.91E-1(6.38E-3)—  7.43E-2(3.68E-2) 4= == { L2 L i S 1 e
. li" WFG8 — 200 [ 3.43E-1(1.27E-2)+ 4.80E-1(482E-2) | S.1IE-I(I.80E-2)~  5.08E-1(1.14E-1) | 3.66E-1(1.63E-2)+  4.07E-1(2.44E-2) | 4.69E-1(1.67E-2)+  4.98E-1(2.56E-2) 4| . | ax | axl | o .
- '1. | 3500 | 393E-1(L20E-2)+  427E-1(3.79E-2) | 4.98E-1(1.86E-2)~  4.75E-1(848E-2) | 4.26E-1(149E-2)+  4.56E-1(344E-2) | 555E-1(1.22E-2)—  5.16E-1(2.63E-2) \ _ _ Mo s
A ! * -'} — -'} 1000 | 459E-1(9.96E-3)~  4.80E-1(5.09E-2) | 4.87E-1(2.15E-2)~  4.82E-1(8.67E-2) | S.08E-1(1.51E-2)—  472E-1(490E-2) | 5.86E-1(1.32E-2)—  SI15E-1221E-2) °| | 3 3 Y 1 d My
M1 ;o |]| — | l l‘l] r'l \L 200 | S.14E-2(6.48E-3)—  2.04E-2(4.58E-3) | 3.54E-2(3.I15E-2)—  2.01E-2(1.67E-3) | 3.71E-2(3.79E-3)—  2.38E-2(4.19E-3) | 7.34E-2(4.65E-3)—  2.16E-2(4.21E-3) 25/ I 75| 25| Y | -l o
" F ik Ll 2 500 | 202E-1(1.17E-2)—  1.92E-2(3.53E-3) | 2.81E-2(3.14E-2)—  247E-2(3.39E-3) | 1.08E-1(8.98E-3)—  2.16E-2(3.12E-3) | 1.58E-1(8.09E-3)—  1.88E-2(4.63E-33~ | [ = | wo \ %
| | 1000 | 3.11E-1(1.82E-2)—  L.89E-2(3.75E-3) | 4.81E-2(4.75E-2)~  2.27E-2(145E-3) | 2.13E-1(1.47E-2)—  2.19E-2(2.34E-3) | 2.30E-1(1.25E-2)—  1.87E-2(4.07E-3) * '\ = “ % [
v WFG9 300 | 4.73E-1(3.20E-2)—  3.58E-1(7.84E-2) | 3.10E-1(1.88E-2)+  3.46E-1(3.06E-2) | 3.98E-1(2.15E-2)—  3.49E-1(4.09E-2) | 4.09E-1(1.79E-2)—  2.56E-1(2.20E-2) 15} ! 151 151 '\ }
II" 3500 | T.0IE-1(221E-2)—  348E-1(8.15E-2) | 331E-1(3.63E-2)~  3.32E-1(2.32E-2) | 5.58E-1(237E-2)—  3.55E-1(5.32E-2) | 5.62E-1(237E-2)—  243E-1(205E-2) | o . }
1000 | 8.30E-1(2.84E-2)—  296E-1(299E-2) | 3.32E-1(3.93E-2)=  3.45E-1(2.56E-2) | 7.17E-1(2.31E-2)—  3.65E-1(3.37E-2) | 6.29E-1(348E-2)—  240E-1(235E-2) \ i.'# \ .
F 05 1 05 051 1 [
," 5 +/ =/ = 10/39/5 — | 8/36/10 — | 11/39/4 — | 5/48/2 — ) ) ) - 5 _ ) ) i ) ) i : |
-~ |

1 1.5 i Q 0.5 1 1.5 2

" General Performance on WFG Problems: IGD results obtained by four compared algorithms and

their modified version on 54 WFG problems; non-dominated fronts obtained by each algorithm on
WFG1 and WFG6 with 1000 decision variables and three objectives.
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Problem M D NSGAII LS-NSGA-IT MOEA/D-DE LS-MOEA/D-DE SMS-EMOA LS-SMS-EMOA CMOPSO L.5-CMOPSO LSMOP3 with 2 objectives and 1000 decision variables < SN SET
200 | 9EICS4E - STBEI(32E2) | 359E 10185E2)—  ZI3EIGMED) | 629E-1625F2)—  S30EI669E2) | S3BEI@IZENT  575E-1458E2) 35 . w ' w . w w w Py MO witliobicetiveshindl 000keu - ionbariables
- - '; 2 500 | 273E+0Q277E-1)-  6.14E-1(2.54E-2) | 1.07E+0(9.70E-2) 3.10E-1(3.44E-2) | 2.09E+0(551E-1) 5.98E-1(335E-2) | 1.50E+0(1.61E-1)~  G.I8E-1(235E-2) 1 %
. . . . . . 1000 | 4.21E+0(2.70E-1)—  637E-1(1.97E-2) | 164E+0(1.17E-1)—  426E-1(5.07E-2) | 3.72E+0(2.83E-1) 6.22E-1(2.66E-2) | 2350E+0(1.31E-1)~  6.37E-1(1.99E-2)
- w L LSMOP1 200 | 2Z08E+0(212E-1)—  5.24E-1(1.35E-2) | I.S7E+0(1.36E-1)—  5.26E-1(3.84E-2) | 4.58E-1(3.02E-2)+  S.O4E-I(1.13E-2) | 2.12E+0(3.42E-1)—  5.20E-1(2.66E-2) 18 1 1
ll] 1 I.l ! I]] l Z e K — X ":|| h | X L j’ 3 500 | SO0SE+0(5.73E-1)-  596E-1(1.08E-2) | 180E+0(1.59E-1)—  6.54E-1(4.31E-2) | 294E+0(3.50E-1)—  SS4E-1(414E-2) | 4.23E+0(5.58E-1)-  6.16E-1(1.55E-2)
d — & . L 1000 | 6.93E+0(6.64E-1)  633E-1(1.34E-2) | 1.86E+0(1.97E-1) 6.68E-1(6.41E-2) | 6.29E+0(395E-1) TO9E-1(1.12E-1) | 680E+0(529E-1)~  6.94E-1(2.13E-2) 16 - 7
1 ol = of 300 | T.02E-1(203E-3)—  383E-2(1.08E-3) | OGIR-2(238E-3)—  2.J1E-2(1.54E-3) | O10F-2(200F-3)—  335E-2(201E-3) | O83B-2(250F-3)—  3.J0E-2(1.14E-3)
2 500 | 6.20E-2(1.16E-3) 232E-2(6.90E-4) | 4.89E-2(1.68E-3) 1.38E-2(1.17E-3) | 541E-2(121E-3) 1.65E-2(4.67E-4) | 554E-2(1.42E-3) 2.14E-2(6.83E-4) 14 b M
1000 | 3.70E-2(3.16E-4) 181E-2(541E-4) | 275E-2(9.26E-4) 9.15E-3(1.27E-3) | 3.30E-2(3.87E-4) 9.73E-3(2.00E-4) | 3.72E-2(7.32E-4) 1.54E-2(8.72E-4) 1 I
.:I = LSMOP2 200 | 127E-1(4.79E-3)+ 1 38E-1(270E-3) | TOSE-1(283E-3)—  85IE-2(295E-3) | 123E-1(1.97E-3)+ T5E-1501E-3) | 121E-TOMED)—  LITE-1227E3) 3 —
. # .J 3 500 | 825E2(549E3)+  BTIE-2(329E3) | T4IE28A49E4)-  655E2(0.76E4) | 798E22.11E3)+  8.14E-2298E3) | 683E2Q@SIE4)F  T20E29TE3) = o 12 ! A NSGAL
» v " - ‘\. = 1000 | 6.72E-2(3.63E-3)+  7.05E-2(3.08E-3) | 6.35E-2(2.54E-4) S97E-2(4.12E-4) | 6.55E-2(2.63E-3)+  6.64E-2(1.65E-3) | S.8E-2(3.66E-4)+  S22E-2509E-4) = 583 = ER — 9 MOEA/D-DE
l_] .] e L (:} x h ll e L L} ' 200 [ TAZE+I(256E+0)—  TSAERO(LA3E3) | SBIEHO(I0SE+0)—  LS3ERO(BIED) | 1 73E+I(263E+0)— TSAERO(LI2E-3) | 3BSE+0(6IIE-1)— [SIEF0(G30ED) o —— > 0t Z SMS-EMOA
2 500 | 192E+1(162E+0)~  LSTE#O(LOSE-3) | 133E+1(1.29E+0)~  LSGE4O(14IE-3) | 221E+1(126E40)~  LSTE40(90E-4) | 286E+1(1.24E+0)~  1SEE+0QOIE-3) 5 [5 N NSGA-IL o £ —e— CMOPSO
- = 1000 | 2.22E+1(112E+0)—  15TE+0(2.28E-4) | 1.83E+1(1.22E+0)~  1.57E+0(3.30E-4) | 2.35E+1(1.04E+0) LSTE+0(231E-4) | 3.06E+1(1.06E+0) -~  LSTE+O(8.81E-4) = 2 158 —6— MOEA/D-DE © gl - —%— LS-NSGA-II
LSMOP3 200 | 7.30E+0(1 37E+0)—  8.40E-1(251E-2) | 7.77E+0(9.45E-1)—  8.27E-1(4.68E-2) | 2.65E+0(7.63E-1)—  8.24E-1(3.15E-2) | 946E+0(84TE-1)—  8.60E-1(2.45E-3) = SMS-EMOA ! ®— LS-MOEA/D-DE
3 500 | 1.53E+1(262E+0)  8.59E-1(3.26E-3) | 1.00E+1(7.92E-1) 8.19E-1(4.79E-2) | 78IE+0(1 30E+0) 1.60E+0(3.09E+0) | 1.31E+1(8.51E-1) 8.61E-1(1.14E-6) ol & —&— CMOPSO . LS-SMS-EMOA
1000 | 195E+1(3.276+0)—  861E-1(7.03E-5) | 1.08E+1(5.73E-1) 841E-1(3.55E-2) | 1.63E+1(524E40)—  5.97E+0(L63E+1) | 1.49E+1(7.86E-1) 8.61E-1(1.14E-6) CRREl P TP —— [S-NSGA-II 6 : 2 3 A S i s
. . ) . . . . o e 700 | T3IE-1(396E-3)—  98IE-2(1.69E-3) | I 59BE-I(I.01E-2)—  6.09E-2(6A41E3) | 14IE-1(225E3)—  9.65E-2(156E3) | 131E-1(243E-3)—  OA4IE-2(227E-3) \‘I —®— LS-MOEA/D-DE . Number of Function Evaluationy o4
The core idea is to use some promising solutions to construct some search directions in the decision ¥ e R EE : e B
1000 | 6.26E-2(9.58E-4)—  320E-2(949E-4) | S42E-20.08E-4)—  242E-2(143E-3) | 483E-2552E4)-  250E-2(4.18E-4) | 650E-2(1.08E-3)-  3.12E-2(9.27E-4) 5 L= 2 3 3 5 LS-CMOPSO
LSMOP4 200 320E-1(648E-3)—  292E-1(8.37E-3) | 287E-1{(6.01E-3)— 231E-1(8.50E-3) | 297E-1(1.09E-2)— 2.73E-1(1.30E-2) 327E-I(1.05E-2)—  2.72E-1(7.12E-3) Number of Function E\'ahmlmgs 4 - -
g 0 g g 0 g 0 0 3500 | 1.93E-14.24E-3)+  2.13E-1(472E-3) | 1.65E-1(1.76E-3) 1.29E-1(3.44E-3) | 190E-1(421E-3) 1.83E-1(9.10E-3) | 1.94E-1(2.27E-3) 1.68E-1(4.74E-3) : w -
S a Ce a n t e n t e a r e— Sca e I I l u tl O e Ct IVe O tl I I l I Zatl O n ro e ' I l I S re O r' I l u ate I nto a OW- 1000 | 129E-14.5IE-3)+  141E-1(3.63E3) | 109E-1(150E-3)  B.B3E-22.32E-3) | 126E-1224E-3)+  132E-12.59E-3) | 1.ISE-1(142E-3)  1.10E-1(1.88E-3) ‘ : ‘ : ‘ : ‘ ‘ ‘ / v —
I 200 | 2.18E+0(4.38E-1)—  742E-1(1.14E-6) | GAOE-1(4.20B-2)+  742E-1(1.14E-6) | 1.59E+0(d 12E-1)—  7T42E-1(1.14E-6) | 6.33B-1(1.53E-1)+  7.42E-1(1.14E-G) 05 1 1.5 2 25 3 35 4 45 5 0 ‘ . !
2 500 | 8.21E+0(4.68E-1) 7A2E-1(1.14E-6) | 2.30E+0(2.69E-1) T42E-1(1.14E-6) | 7.33E+0(9.18E-1) 742E-1(1.14E-6) | 5.02E+0(3.62E-1)-  T.42E-1(1.14E-6) 0.5 1 1.5 2 2.5 3 3.5 4 45 5
d i m e n S i O n a I Si n | e O b 1 e Ct ive O ti izati O n ro b | e S e C ifi Ca | I th e n u b e r Of d e C i S i O n Va ri a b I e S i n th e 1000 | LI2E+1(8.52E-1)—  742E-I(1.14E-6) | 3.16E+0(1.86E-1)—  742E-1(1.14E-6) | 1.10E+I(8.88E-1)—  7.42E-1(1.14E-6) | 731E+0(5.20E-1)—  7.42E-1(1.14E-6) Number of Function Evaluations 1% 10 e i Brmetem Eveleiens < 10°
— l I l l I l l I l LSMOP5 200 | S.I9E+0(5.61E-1)—  488E-1(5.13E-2) | Z79E+0(FTTE-T)—  4.99E-1(4.33E-2) | TODE+0(395E-1)—  6.14E-1(9.91E-2) | 335E+0(180E+0)—  6.30E-1(1.69E-1) . . - . - )
g J p p G p y’ 3500 | LITE+1(@56E-1)  S3SE-I(123E-2) | 3S9E+0G.9IE-l)  S4IE-I2ATE3) | 942E+0(LI1SE+0) 9.5IE-IQ257E-1) | LIGE+I(1.21E+0)  7.37E-1(202E-1) LSMOPT with 2 objectnes and 1000 de{:l‘,lon variables LSMOP6 with 3 objectives and 1000 decision variables
. . . . . . 1000 | 162E+1(865E-1)—  SAIE-I(283E-2) | 378E40(2.00E-1)—  SA2E-I(L6OE4) | 175E+1(225E40)—  9.02E-1(206E-2) | 147E+1(1.77E+0)—  BO4E-1(1.98E-1) 25 . MOEA/DVA L — MOEA/DVA 7 i i
700 | S.97E-1(891E-3) 3.59E-1(2.37E-3) | 7.59E-1(531E-2) 3.32E-1(1.64E-2) | 9.00E-1(8 66E-3) 3.58E-1(4.24E-3) | 9.60B-1(6.99F-1) 3.58E-1(1.68E-3) o o <
refo rl l I u | ate d O ptl l l I Izatl O n I S Zr’ Wh e re Tr I S th e n u l l I b e r Of S e | e Cte d refe re n Ce S O | u tl O n S (u S u a | |y S et to 2 500 | S09E-1(176E-3)-  322E-1(469E-4) | 7.ME-1(8.50E2)-  287E-1G.04E2) | SOSE-L(70IE4)-  322E-1(128E-3) | 7.80E-1{6.42E2)-  3.22E-1(2.63E-4) — 5 WOE-NSGA-II 0% —=— WOF-NSGA-II
- 1000 | 7.75E-14.05E-4)—  314E-1(64IE-4) | 698E-101.23E-1)—  28TE-IQ74E-2) | T7IE-I6IE2)—  3.04E-IT.02E-4) | 735E-1(8.16E-2)—  3.14E-1(170E-4) — o LS-NSGA-II = LS-NSGA-II
. o . . . o /=0 . S 00 | 9.64E+1(155E+2)—  6.97E-1(1.63F-2) | 3.05E+0(1 30E+0)—  6.76F-1(2.25E-2) [ 3.07E+0(1 03E+0)— 1.62E+0(9.13E-2) | 5.13E+1(858E+1)—  8.37E-1(3.69E-1)
1 O Th u S eve n a n M O PS Wlth 1 OOO d eCI S I O n Va rI a b I eS Ca n b e SI m | f ed to a S m | e S O P D —_— 20 3 500 | 3.76E+3(1.38E+3)  742E-1(1.70E-2) | 221E+1(1.72E+1)  6.78E-1(4.09E-2) | 844E+1(520E+1)  2.31E+0(L27E+0) | 2.60E43(1.05E+3)  7.37E-1(2.11E-2) 20 f
0 ’ p I I I p - 0 1000 | 1.24E+4(236E43)—  T4SE-1(2.06E-2) | 1 80F42(833E+1)—  T.00E-1(1.47E-2) | 161E+3(490F4+2)—  2.05E+0(484E-1) | 4.95E+3(2.10E+3)—  8.87F-1(6.58E-1)
2000 | 6.ISE+I(B.0BE+1)— 1 48E+0(2.65E-3) | 4.04E+0(720E-T)—  148E+0(1.82E-3) | 202E+1(537E+1)—  148E+0(1.71E-3) | 252E+0(697E-1)— 1 47E+0(3.99E-3) 3
2500 | 14SE+3(198E+3)—  150E+0(8.71E-4) | 2 88E+1(4.97E+0)—  LSOE+0(6.11E-4) | 4 74E+2(4.38E+2)—  1.50E+0(L.26E-3) | 829E+1(1.36E+2)—  1.50E+0(1.35E-3) 107
1000 | 8.24E+3(361E+3)—  151E+0(4.22E4) | 220E+2(4.85E+1)—  151E+0(3.19E-4) | 4.15E+3(1 90E+3)—  151E+0(746E-4) | 2.05E+3(5.98E+2)—  1.51E+0(7.37E-4) L | ‘ I
1.SMOP7 T00 | T.7SE+0(852E-2)  9.67E-1(2.51E-2) | [.I7E+0(6.62E-2) 8.97E-1(3.29E-2) | 3O3ET(TSSERT) LOSE+O(L7IE-) [ TSOER0(S30E-2) LO4E+0(782E2) 2 |5 | 07 [ e EEg g sfT T o0 o
3500 | 1.29E+0(1.30E-2)~  B96E-1(6.81E-3) | 1.15E+0(9.17E-3) 8.51E-1(3.19E-2) | 3.98F+3(130F+3)~  1.03E+0(9.99E-2) | 5.11E+1(2.236+2)~  94TE-1(7.64E-2) ‘= \ G \
1000 | LIOE+0(2.50E-3)—  8.68E-1(1.13E-2) | 105E+0(2.96E-3)—  823E-1(6.78E-2) | 3.17E+4(9.76E+3)—  9.75E-1(831E-2) | 9.32E+2(3.64E+3)—  9.24E-1(898E-2) = 2 7 [ g 14 e B S S
T00 | SSSE-1(358E-2)—  742E-1(1.14E-6) | 3.79E-1(1.14E-1)4 740E-1(7.96E-3) | SAUE-1(64TE2)—  742E-1(1.14E-6) | 6.66B-1(1.93E-1)~  742E-I(1.14E-6) [ = 0.65 = aaoooaod 107! =12
2500 | 3AOE+0Q281E-D—  T42E-1(1I4E-6) | 634E-1G.22E-2)+  T42E-1(1 14E-6) | 298E+030SE-1)—  T42E-1(114E-6) | 284E+0C.055-1)-  TAE-I(LI4E6) O o = HHE = \ =
) 1000 | 6.83E+0(447E-1)—  T42E-1(1.14E-6) | 126E+0(8.71E-2)—  T42E-1(1.14E-6) | 623E+0(3.12E-1)—  T42E-1(1.14E-6) | 4 89E+0(228E-1)—  T42E-1(1.14E-6) 10 = i \ 2
. . . L.SMOPS 200~ | 5.70E-1(7.28E-2) 3.63E-1(1.38E-2) [ 7.56E-1{1.02E-1) 3.37E-1(2.798-2) | 442B-1(5.72E-2)+ 5 ME-1484E-Z) | 3.39B-1(4.42B-2)~~ 3356E-1(1.07E-2) = \ =
. - 3500 | 9.64E-1(1.12E-2) 353E-1(4.70E-2) | 5.51E-1{6.05E-3) 327E-1(3.14E-2) | 1.74E+0(1.41E+0) 5.40E-1(1.13E-2) | 8.36E-1(9.70F-2) 3.16E-1(3.95E-2) R R O [
Xr} . P&r@t(} QE}E I a[ S@t -t .k, L P&Z‘efo O?{]m &I sef t 1000 | 9.52E-1018262)~  360E-1(4276-2) | 5356-15246-3)~  302E-1@TIE2) | 2436403 19E40)—  S3SE-IQITE-2) | 9.59E-1Q61E4)—  301E-1293E-2) .‘ 0.8
A 1 3 200 | 1.78E+0(484E-2)—  8.10E-1(1.14E-6) | 444E-1(1.06E-2)+  8.10E-1(1.14E-6) | 176E+0(2.79E-2)—  8.10E-1(225E-3) | 1.54E+0(1.91E-1)—  8.10E-1(1.14E-6) \ | > 4
2 500 | 13BE+0(4.94E-2)—  SIO0E-1(6.01E-4) | 493E-1(247E-2)+  8.09E-1(8.96E-4) | 1.32E+0(3.73E-2)—  8.09E-1(4.53E-4) | 1.23E+0(7.34E-3)~  B.09E-1(8.64E-4) \ Number of Function Evaluations a
1000 | 4.80E+0(6.96E-1)—  8.08E-1(149E-3) | 943E-1(1.22E-1)—  B.O09E-1(1.88E-3) | 4.02E+0(6.33E-1)—  8.08E-1(1.08E-3) | 122E+0(851E-2)—  8.07E-1(1.29E-3) \ Number of Function Evaluations . 19
- .p-’ L LSMOPY 200 [ 3.66E+0(T.05E-T) 1.54E+0(4.56E-6) | T.29E+0(337E-T)=  1.15E+0(1.46E-3) SGOE+0(T43E-2) 1.37E+0(5.29E-2) [ Z59E+I(1.78E-T) 1.15E+0(4.00E-4) i L - 5 o
4 - 3500 | 907E+0(1.32E+0)—  154E+0(4.56E-6) | 5.25E+0(6.43E-1)~  LIGE+0(T.52E-3) | 7.20E+0(8.65E-1) LA3E+0(1.42E-1) | 3.23E+0(7.16E-1)~  1.15E+0(2.89E-4) ° ° o 58— a0 5 o B8 85 5 5 56—
i - - F 1000 | 2.04E+1(1.536+0)—  1.38E+0(1.97E-1) | 133E+1(1.27E+0)—  LI6E+0(1.14E-2) | 2.34E+12.39E+0)—  LITE+0(6.76E-2) | 2.59E+1(244k+m—  LISE+0(736E4) | \ M e oo oo oo o o | 3
] - = ,“' + - /= 5/49/0 — | 5/48/1 — | 6/48/0 — | 414812 — 0 | 5 3 4 S 1 2 3 4 5
;' p’? - - "’ Number of Function Evaluations o Number of Evaluations
- -
r - ‘ General Performance on LSMOP Problems: IGD results and convergence profiles obtained by

four compared algorithms and their modified version on 54 LSMOP problems; comparisons
between LSMOF, MOEA/DVA, and WOF on different test instances.

Example illustrating the advantage of the proposed bi-directional weight variable association strategy
in a 2-D decision space. s, and s3 are the reference solutions, p; and p, are the intersections, and o, t

are the lower and upper boundary points, respectively. lllustration of the (a) proposed bidirectional - LsMop1_ 1 1 o B
weight variable association strategy in a 2-D decision space and (b) unidirectional weight variable Emwm
association strategy in a 2-D decision space. - — ]
10t - . . . . i
Al TG eSS Ry U 01 Algorithm 3 Single-Objective Optimization in LSMOF 7| - ' & E
Input: Z (original LSMOP). FE,qy (total FEs). Alg (embed- Input: N/ (population size of DE). ¢ (maximum number of a: B - ks :
ded MOEA). N (population size for Alg), r (number of iterations), CR (cross constant), F;, (scaling factor). _ “mm s
reference solutions), 77 (threshold). Output: A (population). Ar (number of FEs). 4t . : , B ‘ ‘
Output: P (final population). I: At < 0O .
. P < Initialization(N, Z) 2 Py < {A. ..., Any} FFlnitialization™/ . |
2[Rk R gt Spgget ikttt dien 30 fit(Ay).. .. ,ﬁr(AN;) < Calculate the fitnesses of elements , "3
D200M2 D500M2 DI1000M2 D200M3 D500M 3 DI1000M3

in Pp using Algorithm 2

A < Collet the generated candidate solutions during the
fitness assignment

At < Ar+ |A| /#|A| denotes the element size of A*/

fd
3

while r < 1r x FE,,;; do
7' < Problem_Reformulation(P, r, Z) +
A. At < Single_Objective_Optimization(Z")

n

b; < Choose the jth element of A;

P

Input: A (weight vector), R (reference solution set).

: 3: else
o i‘“‘“‘tl_e“trpﬁl)“‘(?:‘o“)' ot A 14 b; < Choose the jth element of a variables to an extremely small level for saving the FEs. We try to use less than 10% of available FEs
UPUGEATAT(fithess valietot i B 15 end if (e.g., less than 50,000) to achieve quasi-optimal results (e.g., IGD results around 1071 level), aiming to
Nad < Calculate the nadir point of P 1n objective space 16 it {3555 : e e : : :
o o o 1 6 e B e Calalie s s wsie Algrinm 2 enhance the applicability and versatility of evolutionary algorithms. Source codes are available at
3: v v, < Calculate direction vectors using (4) 18 A" < Collet the generated candidat.e sol-utions during https://www.chenghehust.com/assets/code/LSI\/IOF_py.Z|p.

the fitness assignment

< Calculate the weight variable associated

Pi. P2

F |
’
! - ’ -
F 4 ',
- F . - T T T T pr— T
- ’ o o —— Problem  Obj. tr =02 tr —0.4 tr —0.6 tr —038
A‘ - r " Paramter sensitivity of » on LEMOP1 _|—|(”_;'.
d ’ ”, ‘ Lsvopl 2 639BIQOTED)  63IENI90EY)  63IEI(224E2)  636E-1(214E2)
I" S ’ - - : 3 60SE-1(761E-3) 621E-1(7.88E-3)  642E-1(1.54E-2)  6.76E-1(1.36E-2)
aia o’ - =
i ’ - Lsmopa 2 200B2(56E§)  200E2(356E-8) 200FE-2(356F8)  185E-2(3.66E-3)
i PN D D I . - 23 J00B2(459E-3)  690E-2(308E-3)  7.05E-2(3.94E-3)  7.00E-2(4.59E-3)
! P _,u . —_— Tl . s | | Lsvops 2 ISTEHO0.00E+0)  LSTESO3.08E-3)  1STE+0Q2.24E-3)  1STE+0(0.00E+0)
‘l ’.r -7 e [ - - 3 8.60E-1(2.28E-6)  8.60E-1(2.28E-6)  8.60E-1(228E-6)  8.60E-1(2.28E-6)
- —
f Ir e R Lsmopa 2 3OOE2LTSET)  300E-2(178E-7)  300E-2(178E-7)  3.00E-2(1.78E-7)
/ "' B - 3 L42E-1(3.66E-3)  1.42E-1(3.66E-3)  140E-1(5.62E-3)  1.32E-1(4.10E-3)
q - 8. Lsvops 2 TAOBI(LIE-6)  TA0EN(114E-6)  TAOE-I(L14E6)  740E-1(114E-6)
J * SMOPS 3 S43E-1(1.59E-2)  5.51E-1(345E2)  5.62F-1(406E-2)  7.31E-1(146E-1)
] > F i i
i - e 2 3A0E-I(1.I4E6)  3.11E-1(224E3)  3.11E-1(224E-3)  3.10E-1(1.14E-6)
] o s S J _ — - T LSMOP6 3 J50E 1(320E-2)  7.51E-1(296E-2)  7.59E-1(157E-2)  7.87E-1(1 42E-2)
i - F F & T -
. < s = 2 1SIE+0(6.83E-6) 1 SIE+0(6.83E-6) 15IE+0(6.83E-6) 1.51E+0(6.83E-6)
"' '.-"' ’ 1 - e e o LSMOPT 3 R 62E-1(3.66E-3)  8.53E-1(323E-2)  8.67E-1(108E2)  9.13E-1(4.51E-2)
’ AS : _
] »” 7 2 x| | Lsvops 2 TAOE-I(LIE6)  TAOE-I(14E-6)  740E-I(114E-6)  740E-1(1.14E6)
' - P v X o0 |- . SMOPS 3 3 47E13.89E-2)  3.5SE-1(2.72E2)  3.90E-1(622E-2)  4.98E-1(6.76E-2)
f . w4 -
P o ’ " "V e . ] Lsmops 2 SI0EIQ28E-6)  S10E-1(228E-6)  810E-1228E-6)  8.10E-1(228E-6)
0 n.r"' _‘ ' O I A 3 144F+0(174F-1)  138F+0(199F-1) 141F+0(188F-1) 1 48F+0(1 17E-1)

Parameter SenS|t|V|ty AnaIyS|s of r and Threshold Performance of LSMOF with different
settings of number of reference solutions on LSMOP1, LSMOP7, and LSMOP9; statics of IGD
results achieved by LSMOF with different settlngs of threshold values

Computation Time Analysis: Average computatlon time of MOEA/DVA WOF NSGA 11, and LS-
NSGA-II on LSMOP1, where M is the number of objectives and D is the number of decision

This work proposed a problem reformulation-based framework for reducing the number of decision

@article{he2019accelerating,

sollutfions et (5) 19: Al < At + A title={Accelerating large-scale multiobjective optimization via problem reformulation},
‘. _ N - k-g ° Caleul he obiecti . 20: if fir(b) > fif(A,) then author={He, Cheng and Li, Lianghao and Tian, Ye and Zhang, Xingyi and Cheng, Ran and Jin, Yaochu and Yao, Xin},
5: 4.;1_( ;1),_4.;2( i2) < Calculate the objective vectors 5. A b journal={IEEE Transactions on Evolutionary Computation},
using (6) - end if volume={23},
6: end for " ) number={6},
) 23 A<—-AUA _
7. ZN(N) < {2 (). 2i2(h2)s s 2 o). 22(302)) i end for pages={943--361},
8: fit(A) < Hypervolume(Z'(A). Nad) »<. end for year={2019},

}

publisher={IEEE}

O 6: P < Environmental_Selection(A [ ) P. N) ; el o variables; average computation time of NSGA-I, MOEA/D-DE, CMOPSO, and their LSMOF-
- T <1+ Al 5 for i < 1 - NI do based versions on LSMOP3, LSMOP6, and LSMOP9.
8: end while : Randoml I hree indices in [1. NI
8 . S econd Staget 8: C],Cg}\(?g eFa(Ilonly;eicttleem 1ces 1n [1. N/]
‘ 9 a < N + 1y y — ¢ 1
o 10: P < Embedded_MOEA (P. N. Alg. Z) 0 forje1:|Aydo Conclusion
l®) Algorithm 2 Fitness Assignment Strategy in LSMOF I if rand;|0. 1) = CR or j = jyna then
-
QD
(72
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