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Abstract
As one of the extensions of fuzzy sets, T-spherical fuzzy sets can deal with uncertain information in
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a wider range due to the introduction of parameter q. Compared with the previous language term
sets, the double hierarchy linguistic term set has advantages in expressing the opinions of decision-
makers. Therefore, considering the hesitation of decision makers, the paper proposes a new con-
cept of probabilistic double hierarchy linguistic T-spherical fuzzy sets and defines its basic opera-
tion, Hamming distance and ranking rules. Based on the Dombi operation rules, the weighted aver-
age operator is proposed, and its properties are investigated. The comprehensive weight of the de-
cision maker is determined by combining the trust degree and the Shapley value, and the objective
weight of the attribute is obtained by using the IDOCRIW method. Furthermore, a multi-attribute
decision-making method based on probabilistic double hierarchy linguistic T-spherical fuzzy sets
is investigated. Finally, the proposed decision-making framework is applied to a practical case, and
the effectiveness of the proposed method is verified by comparative analysis.
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TS A AR IO, A O EARTE T A BUE T X TR0, 1)ASRJE B s %, LA 7R PR 7R 1) ik
PEIRAS . Atanassov S5[414& H ELOCEBOMIAE, ¥R T BOMSEN IR A, FISRIEEMAESREE —udimR
INAHES R BJE, FEANE DI R B R TRI4E (5] q B IESCHEHIZE6], [ AS0RI4E 7E S bR
LS B 25 R BRI O B a2 MR E I IME A SE 24—, Torra 25 [7]5] AR B AR
#E (Hesitant Fuzzy Set, HFS). SHMI&EAHLL, HFS foirkkEHEZAARIBELIE. 2 )5, Coung %5[8] )ik
BRI, K B RO eSS R R R = JosE M, (HETEEZIm =R B KT 1 .
Mahmood “5[91 4 T EIREHILE (MG [, SRt ERTEACRIZER] T BRIEARI4E . T T BRI SE th T 7EZ0 R
M EINT B350, TEABERH 2 MR O

GRS T LU A & 15 2, (B R REN T B0 B R RAE, Mk Zadeh [3]5] N1E & A8 AL HE
BEIFNMELR. AIBELERE LUK, OHWZKLTIES A 24Nk W @ e 7T[10] [11]. 2R, 7
FOLFE AR TR TR E A — R E R AE S AR RR R EN, W BT . “ARE” AT
R PEX AT L, Gou Z[12]4R HIXUZE 5 RIELE, 2B S RIBEASWEES RIBE, KULAE O NMER
Hh R IE PR TR Mo W TGS AR (5 S5 P U 1) B R P R A R I, (BAE SRR AR o, X AT s
BT RSCE FAE AR Y B A T — AR A R R WS SRR B I E M. i Pang %5[13]
FEAP KRS B JRURE 55 BRI N, iRy & 7 HFSs, RHEHRIE S RiE4E. Gou %
[L4]B REAEXEMBIE S RBEPSINMEEE, & UEEIZE SHPI4E . Shafiq Z[15]% T ERIEAH
FERTINRE, REMRIES T EEL4E.

EEeHTREZ O GERAGRE RN TR, E£ZEERKENEEEEEEH. EAZRE
HF R, B U TR N AT ZE T2 —, AT T 3 o - RyudR i . ik,
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Figure 1. Decision-making process
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Table 1. Standardized evaluation information of experts E,

# 1 EHE BREREBIITNESR

c, c, c, c, c,

-{571@ 3(0):54,(0:2),5 45 (0.8)},- Sofop) (0): Sy (0-24) Sy (0.68)}, 7{571@,,) (0):5.4 1y (0.7). 8y (0-3)}, 7{%@,,) (0):8¢6.(0). 540, (1)}, 7{ 0y(02).550 5 (0.3), 8y (0~6)},
A {s,m)(0),5,]@)(0.35),5](%)(0.65)}, (520 (0)1550 (0), 55 (06)} (5.2 (0):8.20 (02),8 40y (OTB)] | ({540 (0).5.11 (056), 55, (044)],
( ).

s
_{sil@u) (0).5 410y (0).5.4) (0.65)} ] 7{5 1oy (0)3.100 (0:3),551 ) (0-45)} 7{50(0 2(0):35,(0.45),5,, (0'55)} 7{51(0 2(0):85,y(0).8, (0'65)}

X
{51@,,) (0.2),85.y(02).5.4 (0-6)}~ {So(ud) (0). 50,1y (0:2). S5 (0-8)}: {571@,,) (0):5 5,,(0:8). 8y, (0-2)} ,

A, {s,lw (0),5 40, (05),544 (o.s)}, (5 4y (0:2)155, (0:2),5 , (04)}, s
7{371@4) (0),5.410,(0):5 41 (0.6)} ] 7{571@ 2(0):5.45,1(0:3). 54, (0-7)}7 7{54(%) (0).5 500,y (0-4). 555 (0-6)}

7{3()(071) (0,555, (0): S50 (0.6)} | 7{54(%) (0),5 515 (06), 5 (0-4)}

{500 (02)150, (0:4).55) (04)} '{s,<n,>(0),s1@])(0.1),31(01)(0.9)},} {5400 00540y 07):56) O3} | [530(0):500y (04).50) 08)}, | [{50) (080 (0:2):55., (08)}. ]

0),5 4y (03)], ({520 (0082 (03).5 5 (04 | [{500, (01550 (0.75).55 (0-1)}. | (15 210y (0015 55 (0:3),55, , (0.3)},
{s,l<%>(o) s l<%>(0.15),sn<bj>(0.85)}, {s,w(0),s]<%>(0.5),sz<n4)(0.5)}, {s 1o (0):5 46 ]>(0.4).sﬁ@2)(0.6)},

5. 3 )
{526 (0):8.20) (05):5.46 ) (08)} | [ {550 (001820 (0):8.5y (07N} | | {540 (03

):S240) (01):8.45 (0:6)}
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Table 2. Standardized evaluation information of experts E,

# 2. EHE, MRELERTNER

[} c, (o C, Cy
{5109 (0):5.40)02):5 46 O8], | [{5.40)(0):5.45) (04).50,y (08)}, | [, ) (0.7).5,(03)} ({510 (0):340 (0): 5y (D). ({56903, (0.2).55., (08).
A {5.40(0):5.40) (025),5,, (085} | | {86.3(0):.(©) S‘<°z (06)}, {s. z<ol> S-2(0) 02) o) (065)}’ s z<o1> S0y (04):5 4,5 (06)), {8 (0) % 1> ) ooy (7))
7{572@)(0),5,@)(0),54( )(0-7)} ,{S 16 (0)s 04).8y (0 6)} ,{S 1o . (0:45), 550 ( 5)} ,{S 1o ()46, x>(0‘6)} 7{5 0o (0):8 ):S.200) (0- 7)}
{s 10(0:3):85 (0.3),5,4, (0. 4)} ({54 (0). 06).5,,.,(0:4)}, 7{5 (X sm, 2(02).5, 0(0.4)}, ’{sa ,(05)}, {510 1o (02):54,.,(08)},
A {54@4)(0) o (0 5) Stgo) (O- 5)} {540y ( 1(02).54 (0.4}, {%( .y (0).s Sooy (0- 9)}: {846 (0 3) Y () I R C (08).5.44)(02)},
{s o) (0):S.4a )} 7{5 o) ( (0. 6) (0,4)} _{s 4oy (0):8 04) Sy (0.6)} 7{50 0):Syoy 03) 1Sy (0- )} 7{5 209 (01520 04) (on)(o~6)}
7{50(02)(0% ) (0 7)} -{5 200 (0), 0 ,372@0)(0.7)}, _{51 0) Sio.y) 06) Sio ( )} _{S z(on 065) 180 (0. 35)}, -{5 101 (0). (o) )'Sl(o,,)(o'4)}v
A, {so<o 505y 05)} {sm (0), (0:3), 545 (0. 7)} {51 (0):5.4,)(02),5.4, >(0.8)}, {sm 0) SD@‘ (0.4),5 45 (0. s)}, {so< (0 A),s%)(o.e)},
7{% 20).54 z>(° e) o (0 4)} {sn (0):5,(0) sL,(u,])(o.s)} »{s 209 (0):5 50y 055) oo >(0.45)} 7{5 . 1(0),5 40, (0. 75)} 7{5 20y (02),5 4 .3),51@72)(0.6)}
Table 3. Standardized evaluation information of experts E,
3. TR E,MRERKEBERTENER
c c, c, c, C
-{5 %o 0.2),5 45, (0- 3)} 7{51 0) ,(0). 51( )(075)}, 7{5—1(0,,)(0)’5—1(0,,)(0'7)’51(0,,) (0-3)}, 7{5 o ( y(0.5),5,. >(0-5)}, {Sa@ 2(0):85 ) (0-1).5. ( )}
A {sj ,(0.65) } {8.40(0), 0.4),555. (08)], | [ {51y (040 (0-2), 55, (0:9)}, {8201y ( 1 (056),545, (044)}, [ {55, ,(0) 8y, (0.1). 550, (08)}
o ) (0. 35) o (088)) [ {840 (0):5.46, (0 3) S0 (048)} | [ {8:40.9(0):5.10. (079) 50,y (O25)} | [ {820, (0): 8.0 (0): 8.0y (08)) | {81409 (0):5.45) (02):845 (0.7}
{sM ), s]<u (04)5) 0. 4)}, ({540 (0). 0.1),55,.,(0:9)}, 7{3,1%)(0)‘54(%)(0.7),31@(0.3)}, _{so< s‘)@ 03),550y (07N}, [{540,3(0):550 (03).5,0 , (06)},
A, {S40 0908056, O5)]| | {5.40y(0: 2) s (o 2),540y (04}, | {54 (0),5 50 (02).5 4, (02)}, {846, 02 (03):846 5 (05)), | {5.40.(0),5 40 (0.7),5 (03)},
7{50@2 )54 1>(0 3.5 Z>(o Dh | {5 (008 (03) 54 >(0-6)} {5 409/(0):5 40 (04),54,.,(06)} 7{5, 00054y O} | {5405(0).540(04).5,,(06)}
({540 (0 sﬂm S (O} [1540(0).5 4 (05 4 (08)}, (5 409 (025,54 (0:3).54  (045)), [ {55,,(0). s]@n (02),5 5 (0T5)}, | 45 209 (0015 2y (0:3).540  (03)),
A {s 2o (0):55105 ( ) 0<m(o 7)} { 201y (0): 52(01 (0).555,y (0.7)}, {s,w(0),5,1<00)(0.15),s1<0 ‘)(0.85)}, {s o) (0): ) s,@ (0 5)}, {s o (02):85,(02) 8, 2>(0,e)},
7{5 o (04)} _{s (o) (0): .55 (0). S5y (0.45)} _{s,w(o),s,m)(0.5),50@4)(0.5)} »{s o (0 04) ooy (0:6)} _{s,m)(o), S50y (03). 555 (06)}

BRR2: Hr 3 B L FKINI MR R, AT B R % A 50 AR PR R

1 03 08
R=|05 1 07
08 06 1

o FERE Ao N TR BN, FRoR AT R I R R . M (16), THE 3 ML N — B,
BETTAL A3 BUE AT R R, KRB RSB AL S, 53T R EMAE N
W, = [0.3368,0.2879,0.3735]

B R UL GO BB RHE R 2 u (B, )= 035, u(E,)=0.2, u(E,)=0.25, u(E,E,)=06,
u(E,E)=07, u(E,,E;)=05, u(E,E, E)=1, &% Shapley fA 1% W, =[0.425,0.25,0.325]
&4 BUE W, =[0.3809,0.2689,0.3492] .

%9% 3: ML ZKME, FIF PDHLTSF -DWA, 57, M ERES, BEIRICRHR.

R 4 MRAE 5 LA RN & 5K e X2 4 IR PP A o 1O J 1 B B R HEAT AR, LR 4, R
FﬁmmmNﬁ&m%EﬁﬂEoH%mﬁ%ﬂ&mﬁﬁﬁﬁ,ﬁﬂﬁﬁﬁ%ﬂiﬁ
L =[0.1898,0.2511,0.1478,0.2304,0.1809] ; MF Hi CILOS J5ik, #5%] CILOS J5iA FHIBLE
, =[0.2158,0.1942,0.1886,0.1937,0.2077] ; it x0(26), 753|454 B IEAE
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@ =[0.2050,0.2441,0.1395,0.2234,0.188] - #i# 45 AL E , FI PDHLTF - DWG 57X it SREAR B HE AT
B MR, W& S,

Table 4. Experts’ evaluation information on attribute importance

* 4. ERWNTRMEZERNTNESR

. {81 (06)} {510, (08)} {{51@0(08)}'{52@ >(l)}} {{Sw 2O} {510 (08)5y >(°4)}} { {550, (04),556,,(06)} } {{Sw YO} {5 (€ 8)}}
{540.0(02)} {50 (08)} {5400 (08)} {5204 (08)}, {8405 (02)} {540 (06)}
. {{So@,»(0'8)}'{571@»(0'7)}} {{S—M(0‘8)}’{51<o4>(°‘6)}} ({560 (8)}. {540 (05)}. {5509 (06)}. {5.) ()} {840 (05)} {80y (0:8)}
‘ {826, (00)} {8409 (05)} {540.9(08)} {540 (0:3)} {5409 (08)}
. {540 () {8.4 O}, {8109 O} {540 (08)} {5000 (08)} {51 (02)} [{Sx 1 (08)},{sy, >(1)}} [{51@:)(0 5} {50 >(1)}}
’ {560 (03)} {50 (0:3)} {80 (05)}] {5400 (05)} {82 (08)}
{51< )(1)} {5 2<q>(l)} [{5—1@2)(0 3)} {51< )(0 2)} } {5 " )(1)}x{51<o,2>(0-95)} {51< >(1)}~{51<u,1>(1)}~ {5 1<q>(1)}~{51<ou>(0 3)}
) {50 (06)} {50 (06)} {5 (058)} {550 (0:8)} {5400 ()}
. [{ 2003 (08)] {546 >(°7)}} PS 4 >(1)}v{51<m>(1)}} [{S 1) (08)}{8.200) (0.5)} PS z< >(1)},{s2<01>(o.8)}} {{Sxoa(l)} {550, (0:6):5.4 >(°4)}}
’ {50(03)} {50, (05)} {550, (0:65)} {520 (0:3)} {5400 (08)}

APES: Ha(11), MEEAFRMRME S (A)=[-0.0821,0.0527,-0.0808] , ARHEHET RN, 7335
PHETF A, = A= A

Table 5. Final aggregation results

%5 H_gggén %

e LRATPHT

{s Yore (0:01),845  1(0.32),8, (0.67)},

A {s o156) (0)18 410,00 (025), 8y, (0-75)}, ~0.0821
{8410 130 (0):S 410, (0:243),5 1, (0.756)
{s fosse) (0 06),5 ., (0-34).5 ., (0.6)},

& 1840100 (0:08): 8.4, ) (04,54, (052)}, 0.0527
{840 140 (0). 440m7(031) o150 (0:69)}
{S.410132 (0:02),5.4, 1 (0.33). 5.y, (0.65)},

A {80 (00085, (025) 5.4, ) (0.74)), -0.0808
{8410, 1) (0.03),5. 5,1 (031),5.4, 1 (0.66)}
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X 17 ) 22 4 B0 B BEHEAT R B AR
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Figure 2. The comprehensive evaluation value under different parameter changes
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Table 6. The ranking results of existing methods
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