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Interval hesitant trapezoidal fuzzy Choquet Muirhead mean operator and its
application in multi-attribute decision making
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Abstract; In order to ensure the integrity of decision information, we extend the Muirhead mean operator in the environment of
interval hesitant trapezoidal fuzzy sets. The concepts of interval hesitant trapezoidal fuzzy Muirhead mean operator and interval hesitant
trapezoidal fuzzy geometric Muirhead mean operator have been proposed. Their properties and theorems are given, and several
degenerate forms of the operators are introduced. Considering that the Choquet integral can objectively calculate the weights of
attributes, this paper introduces the Choquet integral into the above operators, and proposes the concepts of interval hesitant trapezoidal
fuzzy Choquet Muirhead mean operator and interval hesitant trapezoidal fuzzy geometric Choquet Muirhead mean operator. Meanwhile
a multi-attribute decision making model based on interval hesitant trapezoidal fuzzy Choquet Muirhead mean operator is constructed.
Finally, it was applied to the green battery supplier selection problem to analyze its feasibility and effectiveness.
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Table 1 IVHTTF decision matrix F
AR
e TEEE I
C, C, C, C,
{[(0.1,0.2,0.4,0.5), {[(0.3,0.4,0.5,0.6) ,
A (0.2,0.3,0.5,0.6) |, {[(0.1,0.3,0.4,0.5) , (0.4,0.5,0.6,0.7) ], {[(0.4,0.5,0.6,0.7) ,
! [(0.2,0.4,0.5,0.7), (0.2,0.4,0.5,0.6) ]} [(0.2,0.3,0.4,0.6), (0.5,0.6,0.7,0.8) ] |
(0.3,0.5,0.6,0.8) ]} (0.3,0.4,0.6,0.7) ]}
{[(0.3,0.5,0.6,0.7) ,
A {[(0.4,0.5,0.6,0.7), ({)[S(g'é;%j’ﬁ(z'g’zo'g)?)’(Oof’oos';t’ {[(0.1,0.3,0.5,0.6) , (0.4,0.6,0.7,0.8) ],
2 (0.5,0.6,0.7,0.8) ]} ('O; '04 0’5 0'6)’].} T (0.2,0.4,0.6,0.7) 1 [(0.2,0.3,0.4,0.8),
o (0.3,0.4,0.5,0.9) ]}
1[(0.3,0.4,0.6,0.7), {[(0.1,0.4,0.6,0.8),(0.2,0.5,
A (0.4,0.5,0.7,0.8) ], 0.7,0.9)],[(0.1,0.5,0.6,0.7), {[(0.4,0.5,0.6,0.7), {[(0.1,0.3,0.5,0.6) ,
} [(0.2,0.3,0.4,0.6), (0.2,0.6,0.7,0.8) ],[(0.4,0.6, (0.5,0.6,0.7,0.8) ]| (0.2,0.4,0.6,0.7) ] }
(0.3,0.4,0.5,0.7) ]} 0.7,0.8),(0.5,0.7,0.8,0.9) ]|
{1(0.3,0.4,0.5,0.6)
{[(0.1,0.2,0.5,0.6), (0.2,0.3, o ’
A, {[(0.1,0.2,0.3,0.4), 0.6.0.7)]. [ (0.1,0.4.0.6.0.7). {[(0.3,0.4,0.5,0.7), (0.4,0.5,0.6,0.7) ],

(0.2,0.3,0.4,0.5) ]|

(0.2,0.5,0.7,0.8) 1}

(0.4,0.5,0.6,0.8) ] |

[(0.4,0.5,0.6,0.7)
(0.5,0.6,0.7,0.8) ] |
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2 1(%)
PEREIE 1
k7
11(0.2,0.3,0.4,0.5),
4 (03,04,05,06)], 11(0.1,0.3,0.4,0.7), 11(0.1,0.4,0.5,0.7),  1[(0.3,0.4,0.6,0.8),
s [(0.3,0.4,0.7,0.8) ], (0.2,0.4,0.5,0.8) ]} (0.2,0.5,0.6,0.8) ]} (0.4,0.5,0.7,0.9) ]}

(0.4,0.5,0.8,0.9) ]|

Step 2 A (16) THEBA B - SO B2 45 B ESE A 7 ORI B K AL 7 7 1 Ja PR
HaC(13)—(15) I E 45

Zw 2[S<A>+

:Z [ (€8 +-(1- Zv<c>D<AU>>

= 2 HS(AU)—D(?U)jva(Cj)}+§

! D(A;
[Z[suw—( )J () |+
D(A;)

2

(A)]

MH ||M-‘

(S<A )- ]m(qﬂj

J

5
=0.912225v,( ;) +0.919 9xv,( ;) +0.964 v, x( C;) +1.003 8xv,(C,) +~.
Fa s T 91 2 P K A 7
1
5
max Y, (A,)=0.91222xv,_( C,) +0.919 9xv,( C,) +0.964 5xv_( C;) +1.003 8xv_( C+
i=1

0.2<v.(C,) <0.4,

0.3<v.(C,) <0.4,

s.t.:0.1<v_(C,) <0.3,

0.2<v.(C,) <0.4,

0.3<v.(C,)+v,(C,) <0.4,

FIH Lingo & M3K i3 v.(€,)=0.3, v.(C,)=0.4, v,(C,)=0.1, v.(C,)= 0.4,

RAER(4) W18 r=-0.422 2; WX (3) A7 v, (C,, C,) = _041222

(14(-0.4222)x0.4)-1]=0.649 3 [al 2, 0] LA (3) RG4S RS A+ BORIINE .
v.(C,,C,)=0.3873, v.(C,,C,)=0.6493, v (C,,C,)=v.(C,,C,)=0.4831,
v.(C,,C,)=0.7324, v (C,,C,,C)=v.(C,,C,,C,)=0.7219, v.(C,,C,,C,)=0.9396,
v.(C,,C,,C,)=0.8015, v (C,,C,,Cy,C,)=1,

KR S(f,)=0.425, S(f,)=0.375, S(f;)=0.468 8, S(f,)=0.6,FiLL S(f,,) <S(f,,) <S(f3) <

S(Uf) W fo<fi,<fus<fu. B

w,=v.(C,)-v.(C,)=v.(C,,C,,C,C) v, (C,,Cy,C)=0.198 5,
w,=v.(C, )-v.(Cs)=v.(C,,Cy,C)-v (Cy,C,)=0.318 4,
w;=v.(C; )-v.(C,)=v.(C,C,)-v,(C,)=0.083 1,
0,=v,.(C, )-v(Cys)=v.(C,)-v. (Cs5)=0.4,
BIEER T A, BB HEAE N 0, =(0.318 4,0.198 5,0.083 1,0.4) ", HAbAH R 5 JE AR SR it 45 3R A) I
Step3 4 K=(1,1,1,1) , FIHAK(11) ¥ £, 5 WEi G X AP BMIC BRI £,(i=1,2,---,D) .
BT Bl RGBT EARLE R sk 2,

[(1+(-0.4222)%x0.3) x
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Table 2 Combined evaluation values of options f;

IVHTrFCMM
{1(0.1584, 0.2817, 0.397 3, 0.4844), (0.254 6, 0.371 3, 0.484 4, 0.5724) ], [(0.141 6, 0.259 1,
fi 0.3709,0.484 4) , (0.2342, 0.346 6, 0.484 4, 0.5724) ], [ (0.1876, 0.3323, 0.4182, 0.5212), (0.2806,

0.4182, 0.504 4, 0.6076) 1, [ (0.1678, 0.3056, 0.3903, 0.5212), (0.2582, 0.3903, 0.5044, 0.6076) ] }

1[0.1584, 0.332 5, 0.444 3, 0.5338), (0.254 6, 0.4222, 0.5338, 0.6262) ], [(0.141 6, 0.285 5,
£ 0.3901, 0.5651), (0.2342, 0.370 8, 0.4744, 0.6675) ], [ (0.1889, 0.3325, 0.444 3, 0.5338), (0.2827,
0.4222, 0.5338, 0.6262) ], [(0.1689, 0.2855, 0.390 1, 0.5651), (0.2600, 0.3708, 0.4744, 0.6675) ] |

[1(0.1540, 0.3323, 0.491 3, 0.614 1), (0.2470, 0.418 2, 0.580 1, 0.7162) ], [(0.154 0, 0.356 0,

0.4913, 0.580 1), (0.2470, 0.4445, 0.580 1, 0.6719) ], [ (0.2248, 0.3784, 0.520 1, 0.614 1), (0.3217,

fi 0.4706, 0.614 1, 0.7162) ], [ (0.1398, 0.3105, 0.448 3, 0.5943), (0.2308, 0.3973, 0.539 1, 0.6973) ],

[(0.1398, 0.3327, 0.4483, 0.5613), (0.2308, 0.4223, 0.539 1, 0.6542], [ (0.2040, 0.353 6, 0.474 6,
0.5943), (0.3007, 0.447 1, 0.5707, 0.697 3) ]|

[1(0.1488, 0.2433, 0.3758, 0.4913), (0.2433, 0.333 8, 0.464 1, 0.5855)], [(0.158 4, 0.254 6,
fi 0.3890, 0.5044), (0.2546, 0.3455, 0.476 4, 0.597 1)1, [ (0.148 8, 0.2869, 0.3912, 0.5075), (0.243 3,
0.3758, 0.4794, 0.601 1) ], [ (0.1584, 0.3003, 0.4050, 0.5210), (0.2546, 0.3890, 0.492 1, 0.6130] |

11(0.1330, 0.296 6, 0.396 1, 0.556 8), (0.223 8, 0.3827, 0.481 1, 0.6403) 7, [(0.148 8, 0.3222,

0.476 3, 0.661 1), (0.2433, 0.4097, 0.571 3, 0.7618) ]}

Step 4 TIRA LT RN RELS(f) 2R D(f,) , BRI R

S(f,)=0.3848, S(f,)=0.4057, S(f,)=0.4431, S(f)=0.3760, S(f;)=0.4191,

PR S(f)>S(f5)>S(f,)>S(f)>S(fy) T LA r T Ay > Ay > A, > A > A, A, B EsR @
H, L SRR RV R

N T ARUE DR A — R AR, R K = (kL ky o, k) BOR RMELRS B975 50 pREL S (f,) , i 22 pRSL
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Table 3  Sorting results when parameters are different
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Table 4 Comparison of results of different decision-making methods
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