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Abstract

To address the issue that existing probabilistic interval-valued hesitant fuzzy sets generally assume
a uniform distribution of membership degrees within intervals, which contradicts the actual cogni-
tive pattern of decision-makers that “intermediate values are more likely while values at both ends
are less likely”, this paper proposes a probabilistic interval-valued hesitant fuzzy set based on the
normal distribution assumption and constructs a corresponding multi-attribute decision-making
model. First, the normal distribution is introduced as a special case into the framework of probabil-
istic interval-valued hesitant fuzzy sets. Under the assumption that the interval is symmetric about
the mean, the quantiles of the standard normal distribution are utilized to establish the mapping
relationships among interval endpoints, confidence levels, and the parameters of the normal distri-
bution (mean and standard deviation). Second, based on the law of total expectation and the law of
total variance, the formulas for the overall mean and overall variance after aggregating multiple
intervals are derived. Finally, the proposed normally distributed probabilistic interval-valued hes-
itant fuzzy setis integrated with the TOPSIS method. By extending the original criteria into two sub-
criteria, namely “mean” and “negative standard deviation”, and introducing a preference coefficient
to adjust the trade-off between expected performance and stability, a multi-attribute group deci-
sion-making model is constructed. A car selection case verifies that the proposed method can effec-
tively execute the decision-making process; a controlled variable experiment shows that when the
intra-interval distribution assumption is changed from normal to uniform, the optimal alternative
changes, confirming that the distribution assumption has a substantive impact on decision out-
comes. By introducing the more cognitively plausible normal distribution assumption and jointly
considering both the mean and stability dimensions, this paper provides a new tool with more com-
plete logic and more robust results for multi-attribute decision-making under uncertain environ-
ments.
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FEIX — BENS [ IR AL PR B 1 FOME R (R B AG HEZE S HLA & . vk s /s BRI B “ Z AT REX a)”
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B VEMRMENETIERE C . MK C, . HAMEC, . FEHE C, . JBYEREE w=[0.15,02504,02] . =frE
FHEN A=[0.5,0.1,04], PEOEABERX AR EEME, W% 1-3.

Table 1. Evaluation information from Expert 1

F 1. ER1HENER

S

FIESE ¢,

i C,

74 C,

il C,

Al

4,

[0.5, 0.6] (0.25),
[0.7, 0.8] (0.5),
[0.8, 0.9] (0.25)

[0.5, 0.6] (0.5),
[0.7, 0.8] (0.5)

[0.6, 0.7] (0.6),
[0.8, 0.9] (0.4)

[0.7, 0.8] (0.5),
[0.8, 0.85] (0.3),
[0.8, 0.9] (0.2)

[0.5, 0.6] (0.6),
[0.6, 0.8] (0.4)

[0.4,0.5] (0.3),
[0.6,0.7] (0.3),
[0.8, 0.9] (0.4)

[0.2, 0.3] (0.2),
[0.4, 0.5] (0.4),
[0.5, 0.6] (0.4)

[0.6, 0.7] (0.6),
[0.7, 0.8] (0.4)

[0.5, 0.6] (0.8),
[0.7,0.8] (0.2)

[0.4, 0.5] (0.3),
[0.6, 0.7] (0.3),
[0.7, 0.8] (0.4)

[0.5, 0.6] (0.2),
[0.6, 0.7] (0.8)

[0.6, 0.7] (0.4),
[0.7, 0.8] (0.3),
[0.8, 0.9] (0.3)

[0.3, 0.4] (0.4),
[0.4, 0.5] (0.6)

[0.5, 0.6] (0.6),
[0.7, 0.8] (0.4)

[0.4, 0.5 (0.4),
[0.6, 0.7] (0.6)

[0.4, 0.5] (0.5),
[0.6, 0.7] (0.5)

Table 2. Evaluation information from Expert 2

F2. FR2HENER

VS FIEE C, ik c, zat e, s c,
4 [0.5, 0.6] (0.5), %g:g: g:g Egg [0.4,0.5] (0.3), %8:‘6‘: 8:% gg:i;:
[0.7, 0.8] (0.5) [0.8.09] (0.1) [0.6, 0.7] (0.7) 0.7.08] (03)
4 [0.4, 0.5] (0.4), [0.5, 0.6] (0.7), %8'?’ 8'% Eg'ig’ [0.5, 0.6] (0.5),
[0.6, 0.7] (0.6) [0.7,0.8] (0.3) [0'18” 0'.9] (0'13)’ [0.6, 0.7] (0.5)
4 beonoa  Dsves 03,0.4) 04 (0%, 07) (02
[0.7,0.8] (0.1) [0.7,0.8] (0-4) [0.5, 0.6 (0.6) [0.8,0.9] (0.3)
[0.5, 0.6] (0.5), [0.6, 0.7] (0.5),
4, [%'67’ %’78] ((())'?’ [0.7,0.8] (0.1), [0.7, 0.8] (0.3), [%";’ %57] (%'?’
[0.7, 0.8] (0.6) [0.8,0.9] (0.4) [0.8,0.9] (0.2) [0.6, 0.7 (0.6)
Table 3. Evaluation information from Expert 3
=3 ERIWENER
kS FIESE ¢, i c, el oA FEmh=C,
Lo BESIER T psegon  meonoa  Be0el0n
[0.8,0.9] (0.2) [0.7, 0.8] (0.6) [0.7, 0.8] (0-4) [0.75, 0.8] (0.4)
4 [0.6, 0.7] (0.5), {8'2’ g'% Eg‘ig’ [0.5, 0.6] (0.3), [0.6, 0.7] (0.8),
? [0.7, 0.8] (0.5) [o'.7’, 0'.8] (0‘.3)’ [0.6, 0.7] (0.7) [0.8,0.9] (0.2)
[0.6, 0.7] (0.5), [0.6, 0.65] (0.2),
4, [%'56’ %’67] (%'?’ [%'56’ %‘67] (%‘55)’ [0.7, 0.8] (0.3), [0.7,0.75] (0.4),
[0.6, 0.7 (0.6) [0-6, 0.7 (0.5) [0.8,0.9] (0.2) [0.75, 0.8] (0.4)
[0.4,0.5] (0.3), [0.5, 0.6] (0.3),
4, [0.6, 0.7] (0.4), [0.6, 0.7] (0.3), [0.6,0.7] (0.2), [0.6,0.7] (04),

[0.7, 0.8] (0.3)

[0.7, 0.8] (0.4)

[0.7,0.8] (0.8)

[0.7, 0.8] (0.6)
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Table 4. Total distance and relative closeness to the positive and negative ideal solutions for each scheme

F4. EHRIIE. AIRERHNSERSHEXMELE

ks D; D; o) HE
4, 0.1006 0.1295 0.5629 1
4, 0.1518 0.0940 0.3825 4
4, 0.1201 0.1391 0.5366 3
4, 0.1159 0.1370 0.5417 2
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HEFP N 4, > 4, > 4, > 4, (BUwiF R ¥ a=0.5).

SHTINK, SR RN E R RS T EA . B, AERRANE . SCER[1S R X TR A
MR 51 5347, AR SR B IEZS G54, 53 BEAFE SEBR g S« o B AT Bt BRI . 58—,
FREGTTAAE . SCHR[15 1K R X (B P A AL T BEAT IR 1, ASCR s 205 2
A2 X R G BIERREZE . 3=, RSREEAE . STIRIISIRABME, (NHRIHERERIN: AR
FI9 & TOPSIS, [Fli =5 I E AR e 2, Jriid iE O AR MR B E S AT HE P . W& IR eden 95, Hod
P T LA R SR 5 08 0 A1 T 285 R RG24 2 P AR

EREENR, REHFHEAR, PFNEiRa M 4 M 4, BT SR, HASCREUENE O
L S)RM, mMITR A TE a [0,1] VEFE WIRA LRSS, B SCIHER 450 R m B SRk, ABEk
SR BE SR B I R A o 2R SEE B SR EANME R “rplalR, Wik B0 ARk
I, ASCTTVERENS LY 50 73 Al BE 7 4y MR IX TR RS A5 5, AT BESE A & P SN HE P 45 2R

Table 5. Ranking changes under different «
#5. FEa THHEZTK

a He4 S WIES

A > A, > A4, > 4, 4
0.1 A > A, >4, > 4, A4
0.2 A > A, >4, > 4, A4
0.3 A > A, > A4, > A4, A
0.4 A > A, >4, > 4, A4
0.5 A > A, >4, > 4, A
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0.6 A > A, > A4, > 4, A
0.7 A > A > A, >4, A
0.8 A > A, > A, > 4, A4
0.9 A > A, > A, > A4, A4

1 A > Ay, > A, > A4, A
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Table 6. Comparison of calculation results under the uniform distribution assumption and normal distribution assumption
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4, 0.5743 1 0.5417 2
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