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Figure S.1: Performance of MOEA/D with various p settings on the DTLZ1 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.2: Performance of MOEA/D with various p settings on the DTLZ2 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.3: Performance of MOEA /D with various p settings on the DTLZ3 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.



10000 20000 30000 40000 5000

10[]00 2000[] 30000 4000(] 50000

wpr= 406

= 300

Median hypervolume values across all 31 runs

o= 455 0.75
= 286
0.507- =220 0.50
S S D DY) Tap =120
0.25] =56 025
35
A =495
o o L L iAn=330 g6
= S L =210
041

10000 20000 30000 40000 50000
Number of function evaluations

(a) Final Population scenario

10000 20000 30000 40000 50000
Number of function evaluations

(b) Reduced UEA scenario

Figure S.4: Performance of MOEA/D with various p settings on the DTLZ4 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.5: Performance of MOEA/D with various p settings on the WFG1 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.6: Performance of MOEA/D with various p settings on the WFG2 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.7: Performance of MOEA/D with various p settings on the WFG3 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.8: Performance of MOEA/D with various p settings on the WFG4 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.9: Performance of MOEA/D with various p settings on the WFG5 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.10: Performance of MOEA /D with various p settings on the WFG6 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.11: Performance of MOEA /D with various p settings on the WFG7 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.

12



0.20

=
S

0.4

0.3

0.5

0.4
0.3

Median hypervolume values across all 31 runs

0.4

0.3

Wi =
WFG8 (M =2) &, =25
10000 20000 30000 40000 50000

0.4

Sy =55
WFG8 (M =3) ‘o =28

10000 20000 30000 40000 50000

10000 20000 30000 40000 50000

=495
W 06
V/R/Vvﬂ F—F———-7,, = 210 0.5
mﬁm@u =126 04

10000 20000 30000 40000 50000
Number of function evaluations

(a) Final Population scenario

O =25
WFG8 (M =2) §u =300

10000 20000 30000 40000 50000

10000 20000 30000 40000 50000

10000 20000 30000 40000

50000

- H = 495

WFG8 (M =5) ®u=126

10000 20000 30000 40000 50000
Number of function evaluations

(b) Reduced UEA scenario

Figure S.12: Performance of MOEA /D with various p settings on the WFGS8 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.13: Performance of MOEA /D with various p settings on the WFG9 problem with
M € {2,3,4,5}. The horizontal and vertical axes represent the number of function evaluations
and the HV values, respectively. The shaded area indicates 25-75 percentiles.
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Figure S.14: Performance of MOEA /D with the three scalarizing functions (g ghd and
gPP! with @ = 5) on the DTLZ1 problem with M € {2,3,4,5}. The horizontal and vertical
axes represent the number of function evaluations and the HV values, respectively. The shaded
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Figure S.15: Performance of MOEA /D with the three scalarizing functions (gChm, ghd and
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Figure S.17: Performance of MOEA /D with the three scalarizing functions (gChm, ghd and
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Figure S.25: Performance of MOEA /D with the three scalarizing functions (gChm, ghd and
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Figure S.27: Performance of MOEA /D using the PBI function gPP! with various 6 values on
the DTLZ1 problem with M € {2,3,4,5}. The horizontal and vertical axes represent the
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Figure S.28: Performance of MOEA /D using the PBI function gPP! with various 6 values on
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the DTLZ4 problem with M € {2,3,4,5}. The horizontal and vertical axes represent the
number of function evaluations and the HV values, respectively. The shaded area indicates
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Figure S.31: Performance of MOEA/D using the PBI function gPP! with various 6 values
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25-75 percentiles.
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Figure S.34: Performance of MOEA/D using the PBI function gPP! with various 6 values
on the WFG4 problem with M € {2,3,4,5}. The horizontal and vertical axes represent the
number of function evaluations and the HV values, respectively. The shaded area indicates
25-75 percentiles.
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Figure S.37: Performance of MOEA/D using the PBI function gPP! with various 6 values
on the WFGT problem with M € {2,3,4,5}. The horizontal and vertical axes represent the
number of function evaluations and the HV values, respectively. The shaded area indicates
25-75 percentiles.
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Figure S.38: Performance of MOEA/D using the PBI function gPP! with various 6 values
on the WFG8 problem with M € {2,3,4,5}. The horizontal and vertical axes represent the
number of function evaluations and the HV values, respectively. The shaded area indicates
25-75 percentiles.
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Figure S.39: Performance of MOEA/D using the PBI function gPP! with various 6 values
on the WFG9 problem with M € {2,3,4,5}. The horizontal and vertical axes represent the
number of function evaluations and the HV values, respectively. The shaded area indicates
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Figure S.40: Influence of p on the performance of MOEA/D with the three scalarizing func-

tions (g™, ged and gPP') on the DTLZ1 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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Figure S.41: Influence of p on the performance of MOEA/D with the three scalarizing func-

at 50000 evaluations among 31 runs is shown.

tions (g™ g and gPP!) on the DTLZ2 problem with M € {2,3,5}. The median HV value
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(b) Reduced UEA scenario

Figure 5.42: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, ged and gPP') on the DTLZ3 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.43: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™ g and gPP!) on the DTLZ4 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.44: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°Md and gPP!) on the WFG1 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.45: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°hd and gPP!) on the WFG2 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.46: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°Md and gPP!) on the WFG3 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.47: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°hd and gPP!) on the WFG4 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.48: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°Md and gPP!) on the WFG5 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.49: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°hd and gPP!) on the WFG6 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.50: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°Md and gPP!) on the WFGT problem with M € {2,3,5}. The median HV value

at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.51: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°hd and gPP!) on the WFGS problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure 5.52: Influence of p on the performance of MOEA/D with the three scalarizing func-
tions (g™, g°hd and gPP!) on the WFG9 problem with M € {2,3,5}. The median HV value
at 50000 evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.53: Influence of p on the performance of MOEA /D using gPP! with various € values

on the DTLZ1 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.
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Figure S.54: Influence of 1 on the performance of MOEA /D using gPP! with various @ values

on the DTLZ2 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.
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Figure S.55: Influence of p on the performance of MOEA /D using gPP! with various € values
on the DTLZ3 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.
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Figure S.56: Influence of 1 on the performance of MOEA /D using gPP! with various @ values
on the DTLZ4 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.57: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WFG1 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among
31 runs is shown.
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Figure S.58: Influence of x on the performance of MOEA /D using gPP! with various @ values
on the WFG2 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among
31 runs is shown.
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Figure S.59: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WFG3 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among

31
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runs is shown.
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Figure S.60: Influence of 1 on the performance of MOEA /D using gPP! with various @ values
on the WFG4 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among

31

runs is shown.
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Figure S.61: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WEFGS5 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among
31 runs is shown.
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Figure S.62: Influence of x1 on the performance of MOEA /D using gPP! with various @ values
on the WFG6 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among
31 runs is shown.
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Figure S.63: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WFGT problem with M € {2,3,5}. The median HV value at 50,000 evaluations among

31 runs is shown.
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Figure S.64: Influence of ;1 on the performance of MOEA /D using gPP!
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495

with various 0 values

on the WFGS8 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among

31 runs is shown.
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Figure S.65: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WFG9 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among
31 runs is shown.
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Figure S.66: Influence of 1 on the performance of MOEA /D using gPP! with various @ values
on the DTLZ1 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.
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Figure S.67: Influence of u on the performance of MOEA/D using gPP! with various 6 values

on the DTLZ2 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.
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Figure S.68: Influence of p on the performance of MOEA /D using gPP! with various € values
on the DTLZ3 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.

DTLZ4 (M =2) DTLZ4 (M = 3) DTLZ4 (M = 5)
a0 =2 0.6 2 09 s0=3
0.35 g_3z O 308 =2
£ 030 Yo =5 05 5 07 Yol =5
2 0.2 W0=8 04 0 o =38
g 020 $0=1003 0.4 v
0.10 /o = 0.50.1 : 90 =0501 g g0 =05
5 100 200 300 400 38 105 210 300 406 16 210 330 49%
1 1 1
(a) Final Population scenario
DTLZ4 (M =2) DTLZ4 (M = 3) DTLZ4 (M = 5)
0.35 >0=3 06 AT=2 4 v =2
g of=5 =3 OSETET—E—R
E 030 o =2 09 Rl =5 8; Rol =5
2 025 o=8 04 =8 g5 i =8
g 0.20 B0 =0.103 L0 =10 (4 \o 0 =10
£ &0 =10 vl =0.103 50 =0.1
0.15 0.2 , 0.9 70.=0.5
0.10 90 =0.50.1 70 =0.50.1
95 100 200 300 400 38 105 210 300 406 136 210 330 4%
1 1 1

(b) Reduced UEA scenario

Figure S.69: Influence of 1 on the performance of MOEA /D using gPP! with various @ values
on the DTLZ4 problem with M € {2,3,5}. The median HV value at 50,000 evaluations
among 31 runs is shown.
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Figure S.70: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WFG1 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among
31 runs is shown.

WFG2 (M -9 WFG2 (M = 3) WFG2 (M = 5)
— 50 =10.1 0.1 S0 =0.1
° 2
£
3
°
<
g
>
T
25 100 200 300 400 28 105 210 300 406 126 210 495
1 1 u
(a) Final Population scenario
WFG2 (M = 3) WFG2 (M = 5)
ot =0.1 o0 =0.1
g 000 —€. 03080 50 =10
3055 \‘\139 =80.75 mf =38
S g df — Wl =5 ) 0.70 w0l =5
g 0.50 /x %0 = 10 +0=3
I>~04r 2 A0 =2 065/11077
45 5 Yl = 0.9.60 %W =05
0.40 : 0.45 AU 0.55
25 100 200 300 400 28 105 210 300 406 126 210 330 495
H © H

(b) Reduced UEA scenario

Figure S.71: Influence of x on the performance of MOEA /D using gPP! with various @ values
on the WFG2 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among
31 runs is shown.
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Figure S.72: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WFG3 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among

31

Hypervolume

runs is shown.
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Figure S.73: Influence of x on the performance of MOEA /D using gPP! with various @ values
on the WFG4 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among

31

runs is shown.
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Figure S.74: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WEFGS5 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among
31 runs is shown.
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Figure S.75: Influence of 1 on the performance of MOEA /D using gPP! with various @ values
on the WFG6 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among
31 runs is shown.
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Figure S.76: Influence of p on the performance of MOEA /D using gPP! with various € values
on the WFGT problem with M € {2,3,5}. The median HV value at 50,000 evaluations among

31 runs is shown.

WFG8 (M = 2) WFG8 (M = 3) WFG8 (M = 5)
0.30 0.50 L L at=2 U=
o $af = 2 0.45| BEEE 2 063 =y
€ 025 0 = 3 040 »0=3 05 Vel =10
) Wop =5 0.35 Y0 =5 W0 =38
g 020 Wy _ ¢ 030 Yg_g 04 _
g Wt =8 50 W0 = 00 =01
z 015 0 = 109 50 80=10% 0=
0.10 v0=0.9.15 zz R0 = 0502 /90=05
P20 = 0.0.10 w0 = 0.10.1{g—e—a—¢~
25 100 200 300 400 28 105 210 300 406 126 210 330 495
Iz I iz
(a) Final Population scenario
WFG8 (M = 3)
0.301{ gz
@ G
E 0.28
=
2 026 NS A
g 0.24 o =38 %
£ 0.22 BO=10"
0.20 Y0 =05
. WW _ o b20)
0.18

25 100 200 300 400

14

Figure S.77: Influence of ;1 on the performance of MOEA /D using gPP!
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with various 0 values

on the WFGS8 problem with M € {2,3,5}. The median HV value at 50, 000 evaluations among

31 runs is shown.
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Figure S.78: Influence of u on the performance of MOEA/D using gPP! with various 6 values
on the WFG9 problem with M € {2,3,5}. The median HV value at 50,000 evaluations among
31 runs is shown.
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Figure S.79: Comparison of the two Chebyshev functions (gChm and ¢g°*d) and ¢PP! with

various 6 values on the DTLZ1 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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Figure S.80: Comparison of the two Chebyshev functions (gChm and gChd) and gPP! with

various 6 values on the DTLZ2 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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Figure S.81: Comparison of the two Chebyshev functions (gChm and ¢g°*d) and ¢PP! with
various 6 values on the DTLZ3 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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Figure S.82: Comparison of the two Chebyshev functions (gChm and gChd) and gPP! with
various 6 values on the DTLZ4 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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Figure S.83: Comparison of the two Chebyshev functions (gChm and ¢g°*d) and ¢PP! with
various 6 values on the WFG1 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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Figure S.84: Comparison of the two Chebyshev functions (gChm and gChd) and gPP! with
various 6 values on the WFG2 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.85: Comparison of the two Chebyshev functions (gChm and ¢g°*d) and ¢PP! with

various 6 values on the WFG3 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.86: Comparison of the two Chebyshev functions (gChm and gChd) and gPP! with

various 6 values on the WFG4 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.

65



WFGS5 (M = 2) WFGS5 (M = 3) WFGS5 (M = 5)
0.325 = glll!ll =20 hd
0 0.300 LS : 0.50{SFEE=2 & 6.‘ S0 e 7
£0.275 Lo 045 0.6
E \ \ -|leeee—o—o—0"
g 0.250 “70”"10.-10 C)g(lm\ 0.5 L g«lnl
20.225 0.35 0.4 '\\
££0.200 0.3 Y
T 0.175 ggg 0.9 og(hm
0.1501 '20 0.1
0.1 20 5.0 8.0 10.0 0.1 20 5.0 8.0 10.0 0.1 20 50 8.0 10.0
0 0 0
(a) Final Population scenario
WFG5 (M = 2) WFG5 (M = 3) WFG5 (M = 5)
0.312 lvgxhdo - ,V.(]\l“l —Ogll"“
° / 5 |sE———5—F WO-e—o—o—§
£0.310 3 - 0.7
= M_G’_E_Q\C D51 g 0.6 Ygehd
S 0.308 0.50 g g
o : 05
£0.306 0.49 N
0.304 0.48 04
0.3
0.1 20 5.0 8.0 10.0 0.1 20 5.0 8.0 10.0 0.1 20 50 8.0 10.0
0 0 0
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Figure S.87: Comparison of the two Chebyshev functions (gChm and ¢g°*d) and ¢PP! with

various 6 values on the WFG5 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.88: Comparison of the two Chebyshev functions (gChm and gChd) and gPP! with

various 6 values on the WFG6 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.89: Comparison of the two Chebyshev functions (gChm and ¢g°*d) and ¢PP! with

various 6 values on the WFGT problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.90: Comparison of the two Chebyshev functions (gChm and gChd) and gPP! with

various 6 values on the WFG8 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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(b) Reduced UEA scenario

Figure S.91: Comparison of the two Chebyshev functions (¢°"™ and g°"d) and gPP! with
various 6 values on the WFG9 problem with M € {2,3,5}. The median HV value at 50 000
evaluations among 31 runs is shown.
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