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Fig. S.1: Distributions of objective vectors in the three cases for
a bi-objective problem. The x and y axes represent fi and fo,
respectively. Fig. S.1 was depicted using [S.1] as reference. Since
all elements in Ay, Az, and Ag are on the Pareto front, they have
a good convergence. A; has good uniformity and spread. While A»
has a good uniformity and a poor spread, Az has a poor uniformity
and a good spread.
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Fig. S.2: Two modified versions of App for Flincar.

S.1. SEVEN FRONT SHAPE FUNCTIONS
Here, we explain the following seven front shape functions:
Flinear, Fconvexa E—linear, E—concave7 E—convexa Fdisconnected7
and F,_concave- FOr Feoncave, s€€ Subsection IV-C in the main
paper. All front shape functions are based on the method of
generating reference vectors presented by Tian et al. [S.2].

A. Linear front shape function Fiipear

In Flipear, the i-th element b; of b in B is translated into
the ¢-th element a; of a in A on the linear Pareto front as
follows:
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where b; is assigned to a; with no change. Note that the
original range of objective values in the Pareto front of DTLZ1
is [0,0.5]. In (S.1), all objective values are in the normalized
range [0, 1].

B. Convex front shape function Fiopvex

In F.onvex, the i-th element b; of b in B is translated into
the i-th element a; of @ in A on the convex Pareto front as
follows:

b;

a; = —,

(S.2)
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C. Three inverted front shape functions Fiiinear> Fi-concave
and Fi_convex

2

For E-linears —Fi-concaves and —Fi-convex’ ﬁI‘St, B iS tran51ated
into A by Flinear, Feonvex> and Feoncave, respectively. Then,
the i-th element a; of a in A is further translated as follows:

(S.3)

aizl—ai.

D. Disconnected front shape function Fgyisconnected

As mentioned in Subsection IV-A, the disconnected front
shape function Fjyisconnected requires an alternative formu-
lation. The translation operation in (22) is not used when
Fisconnected 18 selected. Thus, the d-dimensional solution @
is directly translated into the objective vector set A.

Similar to other front shape functions, all d elements in
0 are divided into u vector groups as (1,...,011m_2)7,
ey (ad—m+27 ...,Gd)T. Let (9“ ...,9i+m,_2)T be y =
(Y15 s Ym—1)" for each i € {1,1(m —1),2(m —1),...,(d —
m + 2)}. In Fiisconnecteds the (m — 1)-dimensional vector y
is directly translated into an m-dimensional objective vector
a in A as follows:

Yi i<m
a; = _ ) ) .
' 2m — Z;n:ll y;j (1 +sin(3ry;)) i=m
After a has been generated, all elements in a are normalized
in [0,1]. To obtain all p objective vectors in A, the same

operation is repeatedly applied to y for each ¢ € {1,1(m —
1),2(m—1),...,(d —m+2)}.

(S.4)



E. Constrained concave front shape function F_concave

First, B is translated into A by Fiopcave- Then, the con-
straint violation value G(A) is calculated. For each a in A,
the constraint violation value g(a) is calculated as follows:

g(a) :min{gl(a),gg(a)}, (S.5)

e = _guin, {os
+ (a? - OZQ)},
je{l,...mi\{i}
1\2
g92(a) = Z <ai - \/Fn> —a?,

i€{1,mm}

where a is infeasible if g(a) > 0 in (S.5).

In our study, the constraint violation value G(A) is deter-
mined based on the number of infeasible objective vectors in
A. A is said to a feasible objective vector set iff all objective
vectors in A are feasible. Otherwise, A is said to an infeasible
objective vector set (i.e., at least one objective vector in A is
infeasible). We set G(A) to O for all feasible objective vector
sets and an infinitely large value for all infeasible objective
vector sets.

S.2. METHOD OF GENERATING THE REFERENCE VECTOR
SET

Here, we explain how we generated the reference vector
set R. Simply, we generated R by applying each front shape
function F' to the weight vector set W as follows:

R=F(W),

where we generated W using simplex-lattice design [S.3].
For example, in Fiopcave, the i-th element w; of w in W
is translated into the i-th element r; of » in R on the concave
Pareto front as follows:
Wy

"=

m 2

where ¢ = /377" ws. This translation is the same as

Feoncave 1n (24) described in Subsection IV-C. We generated
R for other front shape functions (Fiinears ---s Fe-concave) 1 @
same manner. It should be noted that all reference vectors in
R are shown in Figs. 2-9.

S.3. COMPARISON OF L-SHADE AND THE ANALYTICAL
APPROACH FOR m = 2

Here, we examine how well L-SHADE approximates the
optimal p-distributions for m = 2. We compare L-SHADE
to the analytical approach that approximates the optimal -
distributions for HV for m = 2 [S.4] (see Subsection III-B).
As mentioned in Section IV, our formulation for m = 2 is
almost the same as the formulation in (19). In addition, front
shape functions used in [S.4] are only for m = 2. For these
reasons, we used the formulation in (19) in this comparison.

Table S.1 shows error values between HV(A®') and
HV (Aalvieal) on the front shape functions of ZDT1, ZDT2,
ZDT3, DTLZ1, DTLZ2, and DTLZ7 with m = 2 (Fzpr1,

TABLE S.1: Error values between HV (A#nalytical) and HV (APest)

on Fzpr1, Fzpr2, FzpTs, FpTLZ1, FDTLZ2, and FprLzr withm =
2.

Iz Fzpr1  Fzpr2  Fzprs  Fprizi Foruze  Fbrrzrz
2 0.0e+00 0.0e+00 -1.8e-02 0.0e+00 0.0e+00 0.0e+00
3 0.0e+00 0.0e+00 -3.9¢-03 0.0e+00 0.0e+00 0.0e+00
4 0.0e+00 0.0e+00 -1.5e-03 0.0e+00 0.0e+00 0.0e+00
5 0.0e+00  0.0e+00  -1.5e-03 0.0e+00 0.0e+00 0.0e+00
10 1.0e-06 0.0e+00 -2.7e-05 0.0e+00 1.0e-06 -2.2e-03
20 6.0e-06 1.0e-05 -5.0e-06 3.0e-06 1.9¢-05 -2.9¢-03
50 7.4e-05 5.7e-05 5.1e-05 1.5e-05 6.7e-05 2.8e-04

100 1.1e-04 1.2e-04 6.8e-05 2.8e-05 -2.7e-04 4.0e-06

FzpTt2, Fzpr3, Fprrzi. Forrze, and Fprrzr). The front
shape functions of ZDT1 and ZDT4 are the same. The front
shape function of ZDT6 is the shifted version of the front
shape function of ZDT2. The front shape functions of DTLZ3
and DTLZ4 are the same as the front shape function of
DTLZ2. For these reasons, we removed the results of ZDT4,
ZDT6, DTLZ3, and DTLZA4. For each front shape function,
we compare the best objective vector set found by L-SHADE
among 31 runs AP*' to the objective vector set Analvtical
obtained by the analytical approach in [S.4]. We downloaded
data of AUl from the supplementary website of [S.4]
(see Subsection III-B). In this experiment, ;. was set to 2, 3, 4,
5, 10, 20, 50, and 100. We calculated the error value of AP
as follows: error(A%) = HV(Amalvticaly _ py(4Pest) A
positive error(AP®") value means that the quality of AP*" is
worse than that of A*™Ytcal and vice versa. Data of APt
obtained in our experiments can be downloaded from the sup-
plementary website (https:/sites.google.com/view/optmudist).
As seen from Table S.1, AP and A2"alvtical paye exactly
the same quality for ¢ < 5 on all front shape functions.
The error values increase with the 4 on Fzpri, Fzpre, and
Fprrzi. This is simply because the dimensionality d of the
search space of L-SHADE increases exponentially with p.
However, we are interested in the approximated optimal pu-
distribution with small ;4 values so that we visually examine
the distributions of objective vectors. When the size of the
approximated optimal p-distribution is large, its distribution
is unclear. In addition, L-SHADE finds better approxima-
tions of the optimal p-distributions for HV on ZDT3 with
w € {2,3,4,5,10,20}, DTLZ2 with g = 100, and DTLZ7
with p € {10,20}. Based on the above-mentioned results, we
conclude that L-SHADE can find the approximated optimal
p-distribution for HV with acceptable quality for m = 2.

S.4. DIVERSITY COMPARISON INDICATOR (DCI) [S.5]

We explain the diversity comparison indicator (DCI) [S.5].
DCI compares M objective vector sets A, .., Ay in a
relative manner. DCI divides the objective vector space into
div™ grids based on all objective vectors in Ay, ..., Ays. DCI
considers only hyperboxes that contain at least one objective
vector in Ay, ..., Ay For each ¢ € {1,..., M}, the DCI
value of A; is calculated based on the number of objective
vectors in A; in each hyperbox. The DCI value of A; is large
when objective vectors in A; cover or are close to all the
hyperboxes. The range of the DCI value is [0, 1]. A large DCI



value indicates that A; has a good diversity among Aj, ...,
A]\/j.
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Fig. S.3: Approximated optimal p-distributions with g = 10 on Flinear (the linear Pareto front).
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Fig. S.4: Approximated optimal u-distributions with g = 10 on Fioncave (the concave Pareto front).
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Fig. S.5: Approximated optimal pu-distributions with 1 = 10 on Feonvex (the convex Pareto front).
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Fig. S.6: Approximated optimal pu-distributions with 4 = 10 on Fi.jinear (the inverted linear Pareto front).
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Fig. S.7: Approximated optimal pu-distributions with @ = 10 on Fi_convex (the inverted convex Pareto front).
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Fig. S.8: Approximated optimal p-distributions with g = 10 on Fi_concave (the inverted concave Pareto front).
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Fig. S.9: Approximated optimal p-distributions with 1 = 10 on Fisconnected (the disconnected Pareto front).
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Fig. S.10: Approximated optimal p-distributions with 1 = 10 on Fi_concave (the constrained concave Pareto front).
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Fig. S.11: Approximated optimal p-distributions with gt = 15 on Fjinear (the linear Pareto front).
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Fig. S.12: Approximated optimal p-distributions with pt = 15 on Feoncave (the concave Pareto front).
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Fig. S.13: Approximated optimal p-distributions with 1 = 15 on Feonvex (the convex Pareto front).
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Fig. S.14: Approximated optimal p-distributions with g = 15 on Fi.jinear (the inverted linear Pareto front).
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Fig. S.15: Approximated optimal p-distributions with 1 = 15 on Fl-convex (the inverted convex Pareto front).
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Fig. S.16: Approximated optimal p-distributions with g = 15 on Fi_concave (the inverted concave Pareto front).
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Fig. S.17: Approximated optimal p-distributions with ;& = 15 on Fuisconnected (the disconnected Pareto front).
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Fig. S.18: Approximated optimal p-distributions with ;1 = 15 on Fi_concave (the constrained concave Pareto front).



Fig. S.19: Approximated optimal p-distributions with g = 21 on Fjinear (the linear Pareto front).
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Fig. S.20: Approximated optimal p-distributions with & = 21 on Feoncave (the concave Pareto front).

Fig. S.21: Approximated optimal p-distributions with ;1 = 21 on Feonvex (the convex Pareto front).
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Fig. S.22: Approximated optimal p-distributions with gt = 21 on Fi.jinear (the inverted linear Pareto front).
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Fig. S.23: Approximated optimal p-distributions with 1 = 21 on Fl.convex (the inverted convex Pareto front).
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Fig. S.24: Approximated optimal p-distributions with g = 21 on Fi_concave (the inverted concave Pareto front).
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Fig. S.25: Approximated optimal p-distributions with 11 = 21 on Fuisconnected (the disconnected Pareto front).
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Fig. S.26: Approximated optimal p-distributions with 1 = 21 on Fi_concave (the constrained concave Pareto front).
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Fig. S.29: Approximated optimal p-distributions with © = 28 on Fionvex (the convex Pareto front).
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Fig. S.31: Approximated optimal p-distributions with ;1 = 28 on Fl_convex (the inverted convex Pareto front).
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Fig. S.32: Approximated optimal p-distributions with g = 28 on Fi_concave (the inverted concave Pareto front).
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Fig. S.34: Approximated optimal p-distributions with ;1 = 28 on Fi_concave (the constrained concave Pareto front).
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Fig. S.37: Approximated optimal p-distributions with z = 36 on Feonvex (the convex Pareto front).
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Fig. S.40: Approximated optimal p-distributions with g = 36 on Fi_concave (the inverted concave Pareto front).
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Fig. S.42: Approximated optimal p-distributions with 1 = 36 on Fe_concave (the constrained concave Pareto front).
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(h) A

Fig. S.43: Approximated optimal p-distributions with p = 45 on Flinear (the linear Pareto front).

(i) SLD
Fig. S.44: Approximated optimal p-distributions with p = 45 on Feoncave (the concave Pareto front).
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Fig. S.45: Approximated optimal p-distributions with p = 45 on Feonvex (the convex Pareto front).
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Fig. S.48: Approximated optimal p-distributions with pr = 45 on Fi_concave (the inverted concave Pareto front).
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() Iey

Fig. S.49: Approximated optimal p-distributions with 1 = 45 on Fuisconnected (the disconnected Pareto front).
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Fig. S.50: Approximated optimal p-distributions with ;1 = 45 on Fe_concave (the constrained concave Pareto front).
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TABLE S.2: Rankings of the nine approximated optimal p-distributions (Amnv, ..., App) and Asrp by each quality indicator on Flipear.

HV
IGD
IGD+
R2
NR2

Jio

1
4
4
5
NR2 2 1
Iet 2 4 1
SE 4 3 6
A 3 2
PD 4
lAave | 290 | s1 | 49 | 70 | 31 | 43 ] so | 71 | 57 | 44 |

>
I
+

IHO\

(918 Re RN I Ny o)

N
w
b
n
W
n
(o)}
—_

4.9

lave | 32 ] 65 | 56 | 51 3.8
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TABLE S.6: Rankings of the nine approximated optimal p-distributions (Awuv, ..., App) and Asip by each quality indicator on Ficonvex-

A1GDp

AIGD+

5

3

on F‘i—linear .

A PD
0.16 -0.02
-0.07 0.38
-0.11 0.42
-0.11 -0.38
0.16 -0.02
0.47 -0.02 0.16
SE 0.38 -0.29
A 0.16 -0.07 -0.11
PD -0.02 0.38 0.42

TABLE S.10: Kendall ra

on E-Concave .

PD




TABLE S.11: Kendall rank correlation 7 values of the nine quality indicator on F}-convex-

IGD SE A PD
-0.38 -0.07 0.33
029 | o4 | o002
-0.47 -0.16 0.24
0.42 0.42 -0.07 -0.20 0.47
-0.29 -0.07 0.42
[ 038 |
SE -0.38 0.29 -0.47 -0.07 -0.29 -0.56
A -0.07 0.42 -0.16 -0.20 -0.07 -0.24
PD 0.33 0.02 0.24 0.47 0.42 0.24

[N N
—
wlw|o

[OS) RN ROLN BN NOY

TABLE S.13: Rankings of the nine approximated optimal u-distributions (Amv,

m = 5.

... App) by each quality indicator on Fioncave With

Any | Ajap |A1GD+

ARo

ANR2

lm

4

wmls|lunjun]l—~|+&

Ar

Asg

|APD|




TABLE S.15: Rankings of the nine approximated optimal p-distributions (Amnv,

m = 5.
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..., App) by each quality indicator on Fj jinear With

Anv

HV
IGD
IGD+
R2
NR2
1 €+
SE

A
PD

(NS} RN RN o)y IS} No N OS) ROV o

[ Aave | 38 | 59 | 44 |

TABLE S.16: Rankings of the nine approximated optimal y-distributions (Any,

..., App) by each quality indicator on Ficoncave With

ARo

ANR2 A

m = 5.
Anv Aicp | Aiap+
5

[\SF OSH IS} N\O) NUSH N OF No ¥ N

[ ave | 32 | 70 | 49 |

TABLE S.17: Rankings of the nine approximated optimal p-distributions (Anv,

m = 5.

..., App) by each quality indicator on Fi_convex With

AIGD+

S
g

W

(o)} B, No ¥ =Ny JOVH B\) NEy BN

(S8 Ro )y B Noy WO ol RO.) SN V)]

[ Aave | 48 | 51 | 38 |

TABLE S.18: Rankings of the nine approximated optimal p-distributions (A, ...

, App) by each quality indicator on Flinear With m = 8.

b
>

[IS3 I\SY NOVY o | JOSH NU.Y o | RO N N
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TABLE S.19: Rankings of the nine approximated optimal p-distributions (Anv, ..., App) by each quality indicator on Fioncave With
m = 8.

i

wnjulajw]ls~ |

W] —
’—UII

(98]

SE
A
PD 6

lAave | 49 | 39 | 48 | 44 | 44 ] 63 | 68 | 50 | 44 |

TABLE S.21: Rankings of the nine approximated optimal u-distributions (Anv, ..., App) by each quality indicator on F}jinear With
m = 8.

TABLE S.22: Rankings of the nine approximated optimal p-distributions (Anv, ..., App) by each quality indicator on Ficoncave With
m = 8.




TABLE S.23: Rankings of the nine approximated optimal p-distributions (Agnv,

28

..., App) by each quality indicator on Ficonvex With

m = 8.
Apv Aigp Aigp+ ARo ANR2 Ar,, Asg An App
HV 1 6 3 5 2 4 9 8 7
IGD 8 1 3 2 7 5 9 4 6
IGDt+ 3 5 1 6 2 4 9 8 7
R2 9 6 2 1 5 3 7 8 4
NR2 3 6 2 5 1 4 9 8 7
Iey 4 7 2 5 3 1 8 9 6
SE 8 5 7 3 9 6 1 2 4
A 8 3 6 4 9 7 2 1 5
PD 5 6 7 4 8 2 9 3 1
[ Ave. | 54 | so0 | 37 | 39 ] 51 40 | 70 | s7 | 52 |
TABLE S.24: Kendall rank correlation 7 values of the nine quality indicator on Flinear With m = 5.
HV IGD IGDT R2 NR2 Iy SE A PD
HV 1.00 -0.67 -0.78 0.33 0.89 -0.67 0.67 0.17 -0.06
IGD -0.67 1.00 0.89 -0.33 -0.67 0.67 -0.56 -0.06 0.39
IGDH -0.78 0.89 1.00 -0.44 -0.78 0.67 -0.67 -0.17 0.28
R2 0.33 -0.33 -0.44 1.00 0.44 -0.56 0.67 0.39 -0.17
NR2 0.89 -0.67 -0.78 0.44 1.00 -0.56 0.67 0.17 -0.17
Iy -0.67 0.67 0.67 -0.56 -0.56 1.00 -0.89 -0.39 0.28
SE 0.67 -0.56 -0.67 0.67 0.67 -0.89 1.00 0.50 -0.28
A 0.17 -0.06 -0.17 0.39 0.17 -0.39 0.50 1.00 -0.22
PD -0.06 0.39 0.28 -0.17 -0.17 0.28 -0.28 -0.22 1.00
TABLE S.25: Kendall rank correlation 7 values of the nine quality indicator on Fgoncave With m = 5.
HV IGD IGDT R2 NR2 Iy SE A PD
HV 1.00 -0.83 0.67 0.67 0.78 0.00 0.39 0.00 -0.67
IGD -0.83 1.00 -0.61 -0.61 -0.72 0.06 -0.22 0.06 0.61
IGDT  0.67 -0.61 1.00 0.56 0.67 0.11 0.50 0.00 -0.78
R2 0.67 -0.61 0.56 1.00 0.67 0.00 0.28 0.00 -0.44
NR2 0.78 -0.72 0.67 0.67 1.00 -0.11 0.50 0.11 -0.56
Iy 0.00 0.06 0.11 0.00 -0.11 1.00 -0.28 -0.56 -0.22
SE 0.39 -0.22 0.50 0.28 0.50 -0.28 1.00 0.50 -0.39
A 0.00 0.06 0.00 0.00 0.11 -0.56 0.50 1.00 0.11
PD -0.67 0.61 -0.78 -0.44 -0.56 -0.22 -0.39 0.11 1.00
TABLE S.26: Kendall rank correlation 7 values of the nine quality indicator on Feonvex With m = 5.
HV IGD IGDT R2 NR2 Iy SE A PD
HV 1.00 -0.44 -0.61 0.39 0.78 -0.50 0.56 0.39 0.33
IGD -0.44 1.00 0.61 -0.50 -0.56 0.50 -0.44 -0.28 0.22
IGDH -0.61 0.61 1.00 -0.33 -0.72 0.89 -0.72 -0.67 -0.17
R2 0.39 -0.50 -0.33 1.00 0.50 -0.33 0.39 0.22 0.06
NR2 0.78 -0.56 -0.72 0.50 1.00 -0.72 0.67 0.50 0.11
Iy -0.50 0.50 0.89 -0.33 -0.72 1.00 -0.72 -0.67 -0.17
SE 0.56 -0.44 -0.72 0.39 0.67 -0.72 1.00 0.83 0.11
A 0.39 -0.28 -0.67 0.22 0.50 -0.67 0.83 1.00 0.06
PD 0.33 0.22 -0.17 0.06 0.11 -0.17 0.11 0.06 1.00
TABLE S.27: Kendall rank correlation 7 values of the nine quality indicator on F}_jinear With m = 5.
HV IGD IGDT R2 NR2 Iy SE A PD
HV 1.00 0.72 0.83 -0.56 0.67 -0.17 -0.44 -0.06 0.33
IGD 0.72 1.00 0.89 -0.72 0.50 -0.22 -0.72 -0.33 0.17
IGD 1| 0.83 0.89 1.00 -0.72 0.50 -0.22 -0.61 -0.22 0.17
R2 -0.56 -0.72 -0.72 1.00 -0.22 0.50 0.78 0.28 -0.22
NR2 0.67 0.50 0.50 -0.22 1.00 0.06 -0.22 -0.17 0.44
Ty -0.17 -0.22 -0.22 0.50 0.06 1.00 0.39 0.11 -0.17
SE -0.44 -0.72 -0.61 0.78 -0.22 0.39 1.00 0.50 -0.44
A -0.06 -0.33 -0.22 0.28 -0.17 0.11 0.50 1.00 -0.28
PD 0.33 0.17 0.17 -0.22 0.44 -0.17 -0.44 -0.28 1.00




TABLE S.28: Kendall rank correlation 7 values of the nine quality indicator on Fi_concave With m = 5.

HV IGD IGD* R2 NR2 Iy SE A PD
HV 1.00 -0.67 0.33 0.72 0.94 0.78 0.61 0.50 -0.78
IGD -0.67 1.00 0.00 -0.72 -0.72 -0.67 -0.72 -0.50 0.56
IGD'| 033 0.00 1.00 0.17 0.28 0.22 0.17 0.17 -0.11
R2 0.72 -0.72 0.17 1.00 0.78 0.94 0.44 0.44 -0.72
NR2 0.94 -0.72 0.28 0.78 1.00 0.72 0.67 0.44 -0.83
Iy 0.78 -0.67 0.22 0.94 0.72 1.00 0.39 0.50 -0.67
SE 0.61 -0.72 0.17 0.44 0.67 0.39 1.00 0.78 -0.50
A 0.50 -0.50 0.17 0.44 0.44 0.50 0.78 1.00 -0.50
PD -0.78 0.56 -0.11 -0.72 -0.83 -0.67 -0.50 -0.50 1.00

TABLE S.29: Kendall rank correlation 7 values of the nine quality indicator on Fi convex With m = 5.

HV IGD IGDT R2 NR2 I, SE A PD
HV 1.00 -0.28 0.89 0.33 0.94 0.72 -0.89 -0.72 0.00
IGD | -0.28 1.00 -0.17 0.28 -0.22 -0.56 0.39 0.33 0.06
IGD | 0.89 -0.17 1.00 0.44 0.83 0.61 -0.78 -0.61 0.00
R2 0.33 0.28 0.44 1.00 0.28 0.06 -0.22 -0.28 0.00
NR2 [ 0.94 -0.22 0.83 0.28 1.00 0.67 -0.83 -0.78 0.06
I, 0.72 -0.56 0.61 0.06 0.67 1.00 -0.83 -0.67 0.28
SE -0.89 0.39 -0.78 -0.22 -0.83 -0.83 1.00 0.72 0.11
A -0.72 0.33 -0.61 -0.28 -0.78 -0.67 0.72 1.00 -0.17
PD 0.00 0.06 0.00 0.00 0.06 0.28 0.11 -0.17 1.00

TABLE S.30: Kendall rank correlation 7 values of the nine quality indicator on Flinear With m = 8.

HV 1GD IGD" R2 NR2 Iy SE A PD
HV 1.00 -0.67 -0.89 0.61 0.22 -0.72 0.72 0.50 -0.06
IGD -0.67 1.00 0.78 -0.28 -0.22 0.72 -0.50 -0.39 0.28
IGD'| -0.89 0.78 1.00 -0.50 -0.33 0.83 -0.72 -0.50 0.06
R2 0.61 -0.28 -0.50 1.00 0.17 -0.56 0.56 0.33 -0.11
NR2 0.22 -0.22 -0.33 0.17 1.00 -0.50 0.28 0.50 -0.28
Iy -0.72 0.72 0.83 -0.56 -0.50 1.00 -0.78 -0.56 0.22
SE 0.72 -0.50 -0.72 0.56 0.28 -0.78 1.00 0.67 -0.11
A 0.50 -0.39 -0.50 0.33 0.50 -0.56 0.67 1.00 -0.33
PD -0.06 0.28 0.06 -0.11 -0.28 0.22 -0.11 -0.33 1.00

TABLE S.31: Kendall rank correlation 7 values of the nine quality indicator on Fgoncave With m = 8.

HV IGD IGDT R2 NR2 Iy SE A PD
HV 1.00 -0.89 0.44 0.67 0.78 -0.33 0.67 0.50 -0.67
IGD -0.89 1.00 -0.33 -0.67 -0.78 0.33 -0.67 -0.39 0.67
IGD™[  0.44 -0.33 1.00 0.33 0.44 0.00 0.33 0.61 -0.44
R2 0.67 -0.67 0.33 1.00 0.67 -0.33 0.56 0.39 -0.33
NR2 0.78 -0.78 0.44 0.67 1.00 -0.11 0.44 0.39 -0.44
Iy -0.33 0.33 0.00 -0.33 -0.11 1.00 -0.67 -0.28 0.22
SE 0.67 -0.67 0.33 0.56 0.44 -0.67 1.00 0.50 -0.56
A 0.50 -0.39 0.61 0.39 0.39 -0.28 0.50 1.00 -0.39
PD -0.67 0.67 -0.44 -0.33 -0.44 0.22 -0.56 -0.39 1.00

TABLE S.32: Kendall rank correlation 7 values of the nine quality indicator on Feonvex With m = 8.

HV IGD IGDT R2 NR2 I, SE A PD
HV 1.00 -0.22 -0.50 0.11 0.00 -0.56 0.39 0.17 0.33
IGD | -022 1.00 0.50 0.22 0.11 0.44 -0.17 -0.17 0.44
IGDT[ -0.50 0.50 1.00 0.39 0.50 0.72 -0.67 -0.56 0.06
R2 0.11 0.22 0.39 1.00 0.78 0.11 -0.28 -0.50 0.22
NR2 | 0.00 0.11 0.50 0.78 1.00 0.22 -0.39 -0.61 0.11
Iy | -0.56 0.44 0.72 0.11 0.22 1.00 -0.72 -0.50 0.00
SE 0.39 -0.17 -0.67 -0.28 -0.39 -0.72 1.00 0.78 -0.17
A 0.17 -0.17 -0.56 -0.50 -0.61 -0.50 0.78 1.00 -0.28

PD 0.33 0.44 0.06 0.22 0.11 0.00 -0.17 -0.28 1.00




TABLE S.33: Kendall rank correlation 7 values of the nine quality indicator on F}_jinear With m = 8.

i SE A PD
-0.50 -0.44 -0.33 044
-0.33 -0.72 -0.50 0.06
-0.17 -0.56 -0.33 0.11

0.44 -0.33
-0.78 -0.67 0.00

Iy -0.50 -0.33 -0.17
SE -0.44 -0.72 -0.56
A -0.33 -0.50 -0.33
PD 0.44 0.06 0.11

-0.44

TABLE S.34: Kendall rank correlation T values of the nine quality indicator on Fi-concave With m = 8.

TABLE S.35: Kendall rank correlation 7 values of the nine quality indicator on Ficonvex With m = 8.
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Fig. S.51: Distribution of objective vectors in Apciz1 and Apcres with g = 21 on Fioncave-
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Fig. S.52: Distribution of objective vectors in Apciz1 and Apcres with g = 21 on Feonvex-
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Fig. S.53: Distribution of objective vectors in Apciz1 and Apcies with g = 21 on Fi_linear-
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Fig. S.54: Distribution of objective vectors in Apciz1 and Apcres with = 21 on Ficoncave-
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Fig. S.55: Distribution of objective vectors in Apci21 and Apcres with g = 21 on Flconvex-
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