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Abstract

In order to solve multi-attribute group decision making (MAGDM) problems in which the assess-
ment values of alternatives are expressed by hesitant fuzzy linguistic term set (HFLTS) and the
attributes are interrelated, this paper proposes a three-way decisions method based on Shapley
values for MAGDM under hesitant fuzzy linguistic environment. Firstly, based on decision matrices
and preference relations between alternatives, considering the interdependent or interactive
phenomena among attributes, the Shapley values are used to construct the programming model
by minimizing group inconsistency index to determine the attribute weights and positive (nega-
tive) ideal solutions. Then, based on the obtained attribute weights and positive (negative) ideal
solutions, the comprehensive loss matrix of each alternative is constructed for each decision
maker, and taking the relative closeness degree in TOPSIS method as conditional probability, the
individual three-way decisions are obtained. Furthermore, to determine the group three-way de-
cisions, a programming model is established by minimizing the deviations between individual and
group three-way decisions. Finally, the relative closeness degrees of alternatives are calculated to
obtain the ranking order of alternatives whose actions are acceptable.
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S9N . Zadeh [231JFAIVEMISE H 1 FHEDHINE @ YEPEIN I 71k, PRSRF AT — ANl sl — M) kAT
PEA, 2R “AER I B “ARw 27 MR ERUEH —ANETE R IEN BT 4L 15 B AR L
ZFIAKE T, FlIE Rodriguez er al. [24]82 HH T R EBIIE 5 A IELMHFLTS) WS, REF I LMEHZ
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“ETsET, AR BERIE S ARIEET RN by ={s;,5,} » ZIBYERICA 5 — At )2
BRE K. LG 2 8 MRS BRI E M 2 B AR BN, BRI ECASREM,  (E7E S B ) 85 A 25 3 A
A Z B, W —RKERR, HFEEEAE CERRRA” MR E” , rTAPE 2 A —
EMIMRRR, (ERRA S —RERE R R, R, ERRAREREREREE. B, K&
FIRE AR R BR T @M 2 (AR BT 7 X — K[ 17] [25] [26] [27], ME 2 ffivhseds = A w2, A
PWEFEITE T8 PR R AR OGO A [21] [28] [29] [30] [31], FHerb (o HI I EE AT Shapley {E« Choquet £17
Xf HEAT R, JF AR TR AR

e Z @R AR — A “ 3R, RS RARE AR R L7 2“2 HEF, RIHE
TR TS, FE RN TR, A7 R4E4 . (s b, Ry R E i s,
RIS T w7 %, HrhAHRRRAA S 55 K 3 &5t ) A T8O 7 S I AT e, FrRUR T8
AR R RE, T RBITEVE A NAL R T “HeZ” F CHE4e” , IENALEE “fFERET, HED
Hoh Az Bx “FE% 87 B RMEGE— B . Yao [32]3E TR K FS RS SE(DTRS) IR HY 1 =321k 5 7V,
FHfR TG 2 IR PR R RE 2 BE4 — N7 BRI E, 07 R RT3 R o AR 1 s
AR, AR T RIS FEEE . FEL =R [33]. X T AN PSR in) 8, = SR S AT AR S bR
FEBUHEATE RS, BRI SRR . Gt as 28 a) T i R S TG — AN B AT,
WRATH) G @ TR, WARERROZE eBE “ S0 [16]. =SCREIIEA . K R Ho6
FEAN T R TR = MAT B O R AT B, SRS AR DU iy, B S/ MR R IIAT 3 o T 2 R )
AEATEN[34]. HET PSR ERHIREE(DTRS) LA S HAy JR T A1 =SV 3k O 2 4 B FH 13 22 90, an e iR
T H B B [35], AT RIE[36], BEIFi2Wi[37] [38] [39], BUR A il XS [40], AR A T H #%[22],
BAKAHTRIFI[20] [41] [42], FREETART[43], SCASE[44], Bl plit yg[45), BB H46], AR
PI[47] [48].
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Wi, FERZRR. Hi, A CE2EERREM = LIRSS, TR = SCRERA, e s
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3) 5,@s,=5,,

4) As, =s,,

5) l(sa @sﬂ):lsa D As,

FREFAIE MR EBEUE, XEREAT - LEER, RARITHE S RAEE S BINE S AR
BEAVLIE, NI 5o 5,5, NARAESBUE ST bR i BRARE M ARE Rl . BRI, Xu [52)4 B HE 5 ARiE
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I 2 [52]: A S={s|t=01-7} (r NIEBEH) AN MESRIEE, W FERHNESRE
Sy>Sp esS, SqSp IR B RN N

9]
Hdr, o, BARIETIR, c+1 8 SEERARIELSE
2.2. KBIEMIBS RIEBE

T SRR ) RN E M, AU — AN S ARIEEN T RREA T MARHER K, K,
Rodriguez et al. [2413H T I EEMIE 5 RIBEMHFLTS) KNS, HIEE X ZMAHZ/MNMES RIBEIHFK
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SEXL3[49][50] [51]: & S={s, [t=0,1--,7} NEBPIEFRIEBEE, X ={x, |i=12,,n} N&EETRE
B RIBBBIE S RIEEIET SH X PR ARRN Hy ={(x,h (x)) 3 € X | Srbhg (x,) ZATE x, 1)
WINES, 2R WM BEMIE S RIEE, G524 SHELENIBESAIE, BN
ho=hg(x)={s(x)|s(x)eS, I =1L}, LAKATHRENE, b HRELINEIRTFHS.

BEABGLT, ASE YRR X T RPN E S ARENBORAFEN, T 5 S T Y S R B kAT
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D @k =U, a0 {5, ®@s,} = U, sy {8us)
2) ah=U,, 1453 =U, 0 {52)
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2.3. EHIMEFD Shapley &
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1) u(D)=0,u(N)=1

2) ik 4,Be P(N)H AeB, W u(A4)<u(B)

ESCT (5171551 BRI 530 b HoAth JB kX6 7 ARIAR SR i, ¢ 1) Shapley {8 BIRTEEA# A i fOHME

oY AR
Sh _ (|N|_1_|T|)!|T|!
2 (’u’N)_ZTgN\i |N||
L, [NLIT| &S N, T TR

24. =ZXRE

=R H Yao [32]3 H 3 T YL s FES FURE A2 (DTRS) I B U S v, HoON sk a4 it 1 o
Z ICIIIARIRTT B o B 51k T BRI N3 A5 e IR = MRS, 5L G0 2 J8 1 Uk 3 U LINMAP.
TOPSIS &R — AN BA ELTE B R, £ — @ il 1 GE R A s 1 )5 %,
IR T4

X8 [56]: & UN—NHRIETHES, RcUxU NENMKR, &L apr=(U,R)AN— AL
2. U R XIS EIE o ERN[x]. HFVCeU, CHETFITBMESRE A:

apr(C)={xeU|Pr(C|[x])> B}
ﬂ(C):{er|Pr(C|[x])2 a}

Pr(C|[x]) N2 x RS CRAMMFIMER, o, B L= ST IR R R 43 A B
Ul H T U BIE a, B 30 A=A XK, 735008
POS(C)={xeU|Pr(C|[x])2a}

x(u(iUT)—,u(T)),VieN 3)

BND(C)={xeU|p<Pr(C|[x])<a}
NEG(C)z{er | Pr(C|[x])<ﬂ}

POS. BND. NEG 7 alFon$eszis. A, 438,

EX 9[32]: NTHEFHERBE a, B 5 = A XM KRR, Yao [32]7T VM- Eligd th 7 ik
HRHIRE e . — MRS GG = AMT BRI ANIRES, A AIRRAN A={a,,a5,a0,}, Q={C,~C} .
ap,ay,ay = MTBN5 HIFOR x € POS(C), xeBND(C), xeNEG(C): C,—C HIFRIMZMT C M
AT CHRAS . A FIQ MIEUZE 1 (R R AE R
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Table 1. The loss function matrix

= 1. RRERE

c(p) —C(N)
a, A Aoy
a Aup A
a A !

PURIEBE R Aop < Agp <Ayps Ay < gy < Apy o

BIE a, B,y 5 = X2 18] 9% 58I B R B4l ST 2R -
PHIE Pr(C|[x])2a H Pr(C|[x])2y, WxePOS(C):
B Pr(C|[x])<a H Pr(C|[x])2 B, W xeBND(C):
(ND#IR Pr(C|[x])< H Pr(C|[x])<y . M xeNEG(C).

B «, B,y THEAXA:
_ /?’PN _ﬂBN) 4
a_(lPN_;tBN)"'(/lBP_lPP) ( )
_ (//LBN _ANN)
ﬂ - (ABN - NN)+(1NP _ﬂ’BP) (5)
/IPN _ANN
S ©

(Aew = )+ (A = Aop)
N SN =R, TR 0<S f<y<a <], FTLLERZAE(PL) (B1) (NS A[57]:
(P2) W Pr(C|[x])2a, WxePOS(C):

(B2) W B<Pr(C|[x])<a, W xeBND(C):
(N2) W Pr(C|[x])< B, WxeNEG(C).

3. T Shapley ERMRTFEMIES =R KER

3.1. HxFSHmik
B A={4, 4, A} N&EETRE, A((=12m) R&EETRETE | MHE:

C={C.,C,,-,C,} WRIEEE, C,(j=12,-,n) NEMETIE j MR, p={p.p-.p | WIREELE

B P (k=12000) 5 K GLRAEH, p MIIRIREE D H, = () o by A DR & AR

. p BT R LERLF X R A QF :{<(A,.,Aj),tk (6 1)) 4 = A IRREERE R (1,7),0 <1, sl}, &

PEARIF RN AL .

FIRER R E A o2 = {002 - 00} Ho<o? <137 o =1, HIEHFTHEN W, HAX

{FHFIRE NS T A MG s R R E, B @ A A R . N TR R & B
FRIE, WA AT LURYE B 5 AR I 4A R ERCE IR IF o R, 0% iS5 5450 A2 F LR IR
A 58]

@ HFLiH: A7 =90 > gofjh
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3.2. BMEMIE. RIBERNOHE

1) BRIRESE p, TRSEAEFEANER 2 R .

Table 2. The decision matrix of the decision maker p;

2. Bk NRRELHRORRIER

C1 Cz o Cu
Al hlkl hlkz o hlkn
Az h; 1 hzkz o h;rx
4, h, h,, h,

2) PRAEALIRFERE H,
T (4] )m FAEE S ARBANECR AR TR, T EX L 2 Pt FEbRiEll, WA 5 ISR N

Hy=(h) W s pis.

m*n

Table 3. The normalized decision matrix of the decision maker p;

%= 3. FEEURIRE p BIRRAERE

C C, C
4 i, h h,
AZ h‘l hfzkz hzk
A K I H

ml m2

3) ST REIE . SRR
RIS S S 4 BI7 R BIE . SO ARIORE B -

© BHRRA 0 ERA A

H = (W ey ) o SRR = {0, 85000000550, ) S # L RBRAELIS B A HORIE AL
@ HEAEN:

H™ = (B g e ) o SRR I = {58000, o ST 8L NBRAERLIS 0 OARTEANAL.

n J
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@ W 4, 85 H* FIPEES -
DI =a(a H) =20 o -a(n]h
@ A4 B H BIEESN:
D =d(4H )= ¢ d(hk )
4) THERFEE p, (PSR MM I 5% R K — Bt AT R — Bk

BB SR p, TP R F KRN Q' ={(4,4,),8, (5,/) i, =1,2,+,m} -

HTIEFAME ', RIS p, SRR 6 & 19— 8k (o)) -

R 0, DI < DiY
( y) —( 0 ) - t,((i,j)X(Di]”—Der): D;‘*sz’er

A BRI (@) ) = max{0,t, (i, /)% (D" =D} )| =4, (i, /)-max {0, D" - D} "}
WHH p, MBSk B A

B — Z(A,,A/)eﬂk (q>§+ )’ = Z(A,.,A,-)enk t (i,j).max{o, D —Dj’.‘*}
O HEFH D, HTIEREM A, B8 B

1’2’...’

no

(7

®)

©)

(10)

(11)

B =Z§(:13'” zk 12 » er( ) zk 12 Aty et t (z ]) max{O,D[k+ _Dj]-”} (12)

@ [, HETHEEMR A REIE—2E B

Zk 1Bk7 Zk IZA A4, egk(q)f'j(‘i) Zk 12 thk (l J) max{O,Djl.‘f

@ HTIEHAAMH, BEA -2 G A

-Df} (13)

Zlek+ ZklZAA eQ’( ) Zk]ZAA en’tk(l J) maX{O Dk+_DH} (14)

@ FET IR H, BHE 3G N

G = Z;f:l G = Ztk:lZ(A,.,A,)Egk (q)zl'(fi )+ = z;:l Z(A,,Aj)sﬂ"' I (ir j)~max{0, Diki _Dﬁ} (1)

5) a7 H AR AR Y

min{B++B_}
G'-B " >h"
G -B >2h
,u( )eA”0<y( )<1 Ve, eC
s.t. Z';:l¢jf“:1
u(S)<u(Q) v8,0cC.ScQ

N|-1-|T\)I|\T|!
(ﬂcsj.h =ZTCN\ij('U(jUT)_lU(T)) Ve, eC

(16)
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Hodr, AZAAERL ) H bR ok SO B MR AR IE— B {B+ +B’} , T HAEL R AR R A — S s T
E—tE, ot FRFRBEERFBELEAMIT25 H, TEL0.001.

AT IR R, 4 AT :m.ax{o,Df+ —D_f+},/1,jf- :max{o,Df- —Djf-} , Tt v(A,.,Aj)er ,
A A7 20, HAT 2D =D A7 2 DY —DE U R A

ij 27
mln{ZA 1ZA A eg‘t ( )'j’k++zk 12 th ( )/1:7}
> IZA et ()% (D} = Df )2

S Syt (o )<(DF =D )2
A =D =Dy )20 (i) e{(i0)1(4.4,) e k=12, 1
A —(D =D )20 (i) e{i,j)\(A,,Aj)er},k:LZ,---,t
stA 4 AT 20 (i) e{())1(4,4,) e Q) k=121 (17)
(e, )e A, 0< u(c,)<1 Ve, eC
el =1

u(S)<u(Q) v8.0cC.5cQ
N|-1-|T\)\T|!
(ocsih:ZrcN\j%x(ﬂ(]‘UT)—ﬂ(T)) VCjEC

6) THEAF RN E A EA L, 7
FUFH LINGO Rfift F i, n[ {3 2B IERUE o ANESAEME H AISURAER H

3.3. #KFEREHTRE

m%%MME%4EE@qTﬁ%ﬁ%mﬁmmﬁﬁﬁﬁw,%T%ﬁwﬁﬁ%%@,%ﬁﬁm
R INZE 4 FToR .

Table 4. The loss function matrix of the 4, under C, for decision maker p,

T4 RRE p AR AERMY C, THMRKRER

C.(P) =C,(N)
@ 0 (7. )
a od (i 1) od (i1,
a, d(n.n,) 0

B> Mo JIRFEF p AEJBYE C, R 7 SVPINME R B S AR AR, T2 1 SR AR R o IR
HARWEH 1% Ao, B
o = h; —{S/nasﬁzv Sﬁ#L}’hmax h; _{Sm’SﬂZ’ s,(i’#L}"

o JURLEE RS R E RoR REFH ARSI, RS FHR A (W o =035). N THE=S0RE, ke

DOI: 10.12677/0rf.2021.111007 55 1B 512


https://doi.org/10.12677/orf.2021.111007

B

0<o <05 [56]
RHRE p, BURH AT LIRS N

" ” 0 d(?’ hl{;ax)
A Ay _ o
)=\ A 2 |=| od (k) od (k) (18)
Aly A —
NP NN d(h,f-:h,{qin) 0

FIFH Shapley [HH 457 5 4, (EFTA JEIME T RIBURIERE, 13 MRS H p, X 4, AR A
AR [ 2,00 e 2,00 Ay 0o D
3ot 2 |- S et S et |- oDt on a9)
ik ik B N -
Ap P z,' (pff’ﬁ,]'{,l; z,' (pf,hﬂ,,’{,fv D, 0
3.4. BEMZFHERNTE
RHTE p W T TR A BIBHE 7 A :

(A =i ) (1-0) D
k j— — 1
“ T )+ (A~ ) (1-o) D v oDl 20
ﬁik _ (/7’1[5‘];\/ - ﬂ“]’écN) _ UDI./c+ (21)

(A — 4 )+ (2 = A5) oD +(1=0) D}”
-

ﬂ%ﬁﬁMﬁERuﬂ:ﬁ%B;,%%ﬁ%4%?%§(ﬁm%$,ﬂ&ﬁ@%%%#&%
Pr(C | Af) o
3.5. MERFEN

WHRH p, MR = LRE AT RIAN:

(P3) W Pr(C| 4 )2af . W A € POS(C), MIZHEZIZT%:

(B3) Wk < Pr(C|4f)<af, WA e BND(C), 82 %07 Kb ML B35
(N3) Wk Pr(C|4)< B’ WA eNEG(C), RiztEdiizii%.

3.6. BHA=TREK

bk = R T G TR py (k= L2, 0) DRSS B, (Ll TR R D 3 1 4 R T
L FINTI 2 5, AE A S M AR IR SRR 2/ T A REARMEG T LAY T AR PP — B4 )
AT, T MRS, BB R, IR R T R IOHET

1) AR

BT 3.5 NG, WA p, (k=12,,6) HITF A, (1 =1,2,,m) BIRSEGRAITIES
B PR ML 2% . H IR T POS(C) BT 7 %45 59 1, J& T BND(C) MIFF 4 77 b5 24 0, J& T NEG(C)
HOFITAT 77 bR 5 1o VR, (IR B SN 7 SRR . 508 SR A I 1, 0, —1 TR,

2) Fak R LR

TR LB A1 A 8 SR A 0 e S U TR0, 0 T ok

d=>" w(rn-r) (22)
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HAt, d (=12 m) AT E A, BRI S FTE MR B2 R w, (k=1,2,0.0) Bik
e p, OB, ABIBUREAR I, r USRS p, VR BXTTR A4 BRSS9, BIH 3.5 A4
RS BB, W, = | R R p, SRR A KRS N |, RAZHES R A4, s r FRBHA
e EIN

57 DIAMARIBEAR = 3 TR e R e MU B AR IR AL, i

m
minZZL] Wi (|rk,. ‘Vi|)
i=1

rn=-lorOorli=12,---,m

s.t. OSWkSLk:Lz,'“,t (23)

Z;:l Wi =1

3) HREREA = ST

FIH LINGO KA B A, SRAGHRSEE B E AT BRI SHH, HBRA R =S RR A

(P4) W7 =1, W4 € POS(C), RiZIEZIZTRE:

(B4) Wik, =0, W 4 € BND(C), REHEZZIFETHAEE# L5

(N4) I r=-1, W 4 eNEG(C), BLizIELZTE.

4) GBS PORGE R R R

HI T =SOSR R P AR M7 IR T HEAT SR T BE, SRR R 4, 4y, 4, » N T 5t
FRETII PSR, DA% 4, 4, 4, BATHT, 4 BN 0 R o (B WO R (4 ) = D

Df + DI ‘
JET “Hex” AT BN RIS SRR T RAATHER, RIFE RGN SR 5 25 H I 7 AR NG R(Al.") B 2Eat |,
I SRAF O e s B HOEAT AR S, SRS RIEHAARXI WIS E R(4,) » R(A4) KRR 4 &flk.

4. KB5S Hr

AR Xu A Wu [SO]SBIREAT AT, — S F 4T AR R B A, ARk, IR
W A={ A, Ay, Ay, A} BEE TS INER . 9T RS EE RO R LR, M 7 AU TR DO B
KEVPEH p={py por s py | I BIEHHATI IR, SIISARAEQAEDI M REE, BIAEAEI(C), TAES%
(C), HAARE(C,), BE(C,). ETHESAIESE
S={sy =75 = 87,5, =&, = Bhf,s, = Uif, s = U5, = WAF} , A p, (k =1,2,3,4) B TR
RIRE, K HBRAEAL IS W4 5~8 BT

Table 5. The normalized decision matrix of the decision maker p,

5. AERVRIRE p) BURIRIERE

G C, C, C,
4 {80:85505) {558,508} {s3,55} {80505
4, {8008,05} {85080505,} {s5,8555:} {85080505,}
A {8,,8,5,8,} {845,555} {8:58,5,8, ) {845,555}
4, {80085505) {80:85505. {80505 {525,05,}
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Table 6. The normalized decision matrix of the decision maker p,

= 6. FOELBVRIRE p, BURIRIERE

G C, C, C,
4 {55,855,8.} {845,555} {85,8,5,8,) {8,55,5,}
A4, {8,5555} {85,555} {8355,5,} {85,85558.}
4 {5505 {s105,8.) {51510} {5,805,
4, {808,8.} {50055 {5050005) {05505}
Table 7. The normalized decision matrix of the decision maker p;
F 7. FRENBVRERE ps BURIRIERE
C C, C, C,
4 {808,08.} {805,505} {20808} {50508}
4 {508,008 {005,008} {05005, {08005
A, {5455,55,} {85,85555,) {855,5,} {505,555, }
A, {8,05,,5,} {8:58,5,8,} {845,555} {845,555}
Table 8. The normalized decision matrix of the decision maker p,
8. FRENRVREE py BURRIERE
C C, C, C,
A {8,055,5,} {845,555} {8355,5,} {85,555}
A, {55,855} {85565} {85,8,5,8,) {85555}
4, {5058,) {50505} {80505} {08005
4, {525,008 {s05.58 {80505} {s050508.}

IS p, (k =1,2,3,4) S P RBIIS B AR PR R Q' = (((4,,4,).04))
O ={((4,,4),0.1),((4,,4,),03)} . @ ={((4,,4,),0.4).((4,,4,),02)},
Q" ={((444,),0.5),(( 4, 4),0.4)} o & th i) J& PERCE R £5 18-
A2 ={0.1<9) — Y <0.2,¢7 2207 ,03< Y <0.6} .

Step 1: FREALIRSEAERE 5, 456 DREFH 4 N IS i i S8 RS MEBCE (5 2, IR4E(17) 5L
HH AR, S a” A BUE 0.001, /] LINGO R#fS s 1EACE o AIES B 1 1, 4
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Table 9. The attribute weights and positive (negative) ideal solutions

= 9. BMEMEHIBEHR

G C, C, c,
o 0.2723 0.0723 0.5315 0.1240
H {80308} {81200 81200 8100} {830086550) {81228122810)
H {51200 S1200 5120} {81208, {82815} {812 8122810}

Step 2: FETA NRFREFEL 5~8 FIF 9 SKMEER, WAL 4 RN ABURHRE, Hho=035, Jf
S RL e A TR A, (1 =1,2,3,4) TEFTE TR R (€. G, Gy, C, ) BB RSB RE, 1t & sl 0 4 77 %
MLr G R A (k=1,2,3,4) .

Step 3: MRARLEEHURIRE A", 1 34 /NTIHHISES p TR 4 MBI af, B FLARXNEIT
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R(4,)=R(4])=0.6802, BTbAA, = A =4, SAITEN 4,

2546 Step 4 F Step 5 &5, ZA A MALEF ARSI 4,
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