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A new probabilistic hesitant fuzzy multi-attribute group decision making method

based on improved distance measures

LIU Mengdi'*, ZHANG Xianyong'** , MO Zhiwen'’
(1. School of Mathematical Sciences, Sichuan Normal University, Chengdu 610066, Sichuan, China; 2. Institute of Intelligent

Information and Quantum Information, Sichuan Normal University, Chengdu 610066, Sichuan, China)

Abstract: Aiming at the multi-attribute group decision making problem with known attribute weights under probabilistic hesitant
fuzzy environments, hesitation degrees of probabilistic hesitant fuzzy sets are considered, and thus a new method of probabilistic
hesitant fuzzy multi-attribute group decision making is proposed based on improved distance measures. Firstly, combining the tradi-
tional probabilistic hesitant fuzzy distance measures, improved probabilistic hesitant fuzzy distance measures with hesitation degrees
are defined through information fusion, including the Hamming distance, Euclidean distance, and generalized Euclidean distance.
These new measures depend on combination coefficients to achieve the theoretical expansion and fusion optimization, and size rela-
tionships and parameter monotonicity of distance measures are studied. Secondly, according to the improved distance measures, a
new method of multi-attribute group decision making is constructed by using the technique for order preference by similarity to ideal
solution( TOPSIS) method, and an example of company location is used to make decision selection. The effectiveness of the pro-
posed method is revealed by parameter analysis and decision comparison. Related researches systematically deepen probabilistic hesi-
tant fuzzy distance measures, and effectively enrich multi-attribute group decision-making methods.
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Fig.1 The three-dimensional drawing of the distance measure given the parameter
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Table 1 Probabilistic hesitant fuzzy decision matrix for company location selection

A, C, c, c, C,
A, 10.310.4,0.7510.6} {0.2510.3,0.5510.7} {0.510.4,0.6510.6} 10.610.2,0.8510.8}
A, 10.4510.5,0.610.5} 10.310.6,0.410.4} {0.4510.2,0.510.8} 10.2510.4,0.4510.6}
A, {0.510.2,0.610.8] {0.410.55,0.610.45 {0.610.5,0.710.5] {0.410.3,0.610.7}
A, {0.410.6,0.810.4] 10.2510.7,0.510.3} {0.710.7,0.910.3] 10.4510.5,0.710.5}

TR 2 e EEM v =V, Vv, VL VI RIS Vo= V]V, VL VG RIERR S BRIV AT
HIEBAE A Vi =10.510.2,0.610.8}, Vi=1{0.410.55,0.610.45}, V;=10.710.7,0.910.3}, V;=10.610.2,
0.8510.8} ; T FAEM#E A V| =10.4510.5,0.610.5} , V;=10.2510.7,0.510.3} , V;=10.4510.2,0.510.8}, V,=
10.2510.4,0.4510.61

BRI RIS RPR IR R S BT RN TR A, 5 VOV ZEMEE, DX(15) .,
(16) M, A, =1, u, =1, 158N TR A, 5V V ZRIPEENE 2 fx,

R2 IRAEV VZRMEEE
Table 2 The distance between scheme A, and V™, V"

a D; D; D: D; D; D; D; D,

1 0.099 8 0.193 4 0.0912 0.100 5 0.1536 0.0110 0.108 4 0.128 1
2 0.103 7 0.2242 0.106 4 0.1226 0.1830 0.0140 0.1216 0.140 0
4 0.1254 0.2657 0.138 4 0.140 4 0.2123 0.0170 0.138 1 0.163 7
5 0.1179 0.270 2 0.126 6 0.136 5 0.2200 0.017 8 0.142 8 0.172 1

S|4 R, RAER17) AR R DT R AL 4R AR 3 R
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Table 3 The closeness value (2, and the sorting result
a 0, Q, 0, 0, HEP &R
1 0.606 0 0.053 5 0.5432 0.560 3 A >A>A>A,
2 0.638 2 0.058 7 0.5333 0.5543 A >A>A A,
4 0.628 7 0.060 0 0.499 5 0.5383 A >A>A A,
5 0.6511 0.062 7 0.530 1 0.5577 A >A>A>A,

S|S  HF . R, WG A, BRITTSE JFEAE u, =, = 1V T, A8 o BUEMTE, 775 1)
HEPP S5 RARBEA S LU AT 5 R — AR E T
IPECa 12,4 .5 B 00T e, W REETT SEHER RSN BRSNS 4 PR

T4 BRI RE R BSR4

Table 4 The influence value of parameters on scheme results and the ranking result

a oS 7, 1, 0, HeFP 4551
mi =1, u,=0 0.626 1 0.0229 0.5375 0.537 1 A >A>A>A,
=08, u,=0.2 0.617 8 0.028 3 0.540 5 0.5379 A >A>A A,
! =04, u,=0.6 0.600 4 0.039 6 0.547 1 0.539 4 A >A>A>A,
=0, u,=1 0.580 4 0.008 2 0.5459 0.544 4 A >A>A>A,
m =1, 1, =0 0.649 7 0.0311 0.529 4 0.544 3 A, >A>A>A,
w,=0.8, u,=0.2 0.644 8 0.037 4 0.530 3 0.541 4 A >A>A>A,
2 w,=0.4, u,=0.6 0.6342 0.048 8 0.5322 0.534 5 A >A>A>A,
uy =0, u,=1 0.6222 0.059 8 0.534 6 0.5250 A >A>ASA,
my =1, u,=0 0.655 5 0.0433 0.529 8 0.552°8 A >A>A>A,
1, =0.8, 1, =0.2 0.938 8 0.087 1 0.643 3 0.604 6 A >A>A A,
4 w,=0.4, 1, =0.6 0.646 0 0.056 0 0.528 4 0.5390 A >A>A>A,
u =0, u,=1 0.638 5 0.063 0 0.526 8 0.519 8 A >A>ASA,
w =1, u,=0 0.655 4 0.047 3 0.5299 0.5557 A >A>A>A,
1, =0.8, u,=0.2 0.6527 0.051 1 0.529 4 0.5523 A >A>A>A,
: 1, =04, u,=0.6 0.6539 0.057 4 0.5393 0.550 2 A >A>A>A,
=0, py=1 0.639 7 0.063 2 0.5259 0.5198 A >A>A>A,
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Table 5 Probabilistic hesitant fuzzy group decision matrix

a,

a,

a;

10.5510.15,0.6510.25,0.7610.1,
0.810.5!

10.410.25,0.5810.25,0.6910.25,
0.9510.25!

10.310.1,0.510.35,0.610.3,0.6810.25

{0.1510.1,0.3710.15,0.410.25,
0.610.25,0.7310.25}

10.210.05,0.310.325,0.410.125,
0.6510.25,0.7510.25}

10.3510.25,0.610.075,0.6510.25,
0.710.35,0.810.075}

10.4510.25,0.5510.125,0.5610.25,
0.6610.125,0.8510.25}

10.4810.4,0.5510.25,0.6210.1,

0.6610.25!

10.5510.5,0.7510.25,0.810.15,
0.9410.1}

10.4510.25,0.5510.125,0.5610.25,
0.6610.125,0.8510.25}

10.4510.25,0.5510.25,0.6810.25,
0.7510.25

10.3810.25,0.510.125,0.710.125,
0.7510.25,0.8510.25{
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Table 6 Proximity value and ranking result

o Hois Mo 0, 2, 1, 0, HEFP 45 R
m =1, n,=0 0.760 1 0.3543 0.457 1 0.3206 X, >X>X,>X,
=08, u,=0.2 0.755 9 0.3532 0.4629 0.328 2 X, DX, >X,>X,
=06, u,=0.4 0.778 0 0.323 8 0.457 8 0.3396 X, DXy >X,>X,
: =04, u,=0.6 0.748 1 0.3479 0.470 0 0.338 5 X, DX, >X,>X,
@, =0.2, u,=0.8 0.744 5 0.3453 0.473 4 0.3432 X, DX, >X,>X,
=0, p,=1 0.7410 0.342 8 0.476 7 0.347 6 X, >X,>X,>X,
=1, u,=0 0.790 4 0.3123 0.4372 0.304 0 X, DX, >X,>X,
1, =0.8, 1, =0.2 0.787 8 0.308 1 0.4399 0.3109 X, DX, >X,>X,
w,=0.6, u,=0.4 0.785 2 0.303 7 0.442 5 0.3169 XXX, >X,
2 =04, 1, =0.6 0.7826 0.299 2 0.4452 0.3223 X, >, >X,>X,
=02, u,=0.8 0.780 2 0.294 4 0.440 7 0.3272 X, DX, >X,>X,
my =0, uw,=1 0.7777 0.289 3 0.450 3 0.3316 X, >, >X,>X,
m=1, u,=0 0.8179 0.3223 0.432 4 0.2950 X, >, >, >X,
1, =0.8, u,=0.2 0.803 0 0.3150 0.4313 0.3030 X, >, >, >X,
A 1, =0.6, u,=0.4 0.804 7 0.306 5 0.430 1 0.308 3 X, >X3>X,>X,
=04, u,=0.6 0.806 7 0.295 8 0.4289 0.3120 X, DXy X, X,
@, =0.2, u,=0.8 0.808 7 0.2812 0.4275 0.3142 X, DXy DX, X,
=0, py=1 0.8110 0.254 5 0.426 0 0.3152 X, >X>X,>X,
=1, p,=0 0.657 4 0.4219 0.651 1 0.3913 X, >X,>X,>X,
1, =0.8, u,=0.2 0.798 4 0.330 5 0.4340 0.3090 X, DX DX, >X,
s 1, =0.6, u,=0.4 0.6777 0.405 6 0.648 0 0.4130 X, DX DX, >X,
=04, u,=0.6 0.806 8 0.309 8 0.428 2 0.3255 X, DXy >X, >,
#=0.2, u,=0.38 0.8124 0.246 0 0.3832 0.263 4 X, > >, >X,
=0, u,=1 0.8193 0.3243 0.6399 0.436 0 X, >X>X,>X,
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