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Abstract

Sustainable supplier selection refers to the selection of the most appropriate supplier by a com-
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pany considering economic, social and environmental factors. To solve this problem, this paper
proposes a hesitant fuzzy TODIM method based on Shapley value. Firstly, for the interactions that
exist between indicators, the Shapley value based on fuzzy measures is used to deal with the inte-
ractions between all indicators. Secondly, the hesitation fuzzy number can effectively reflect both
the decision maker’s opinion and the decision maker’s indecision, and in order to address the
bounded rationality of the decision maker in the hesitation fuzzy environment, the TODIM method
is extended and the hesitation fuzzy TODIM method is proposed to find the ranking and optimiza-
tion of the alternatives. Finally, the method is applied to the sustainable supplier selection prob-
lem to illustrate the effectiveness of the method.
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1. 5|

B A ERE VA TPl R R, AR RIRIIT R SRR T 25K, RIS s s fiih 2
IR T AN ZALRIEA, IR L ) R B R R R AR, B GE. IAEAIAE S  TR] T DA T B
TR o PIRRSE R R M S M B R 2, RITEIE SR AU R R IR, RLORIE PR SR T RESEE R 22 I AP
X —HEGE N, AR R 4% 45 7 (Sustainable Supplier Chain Management, SSCM) [1]HI# & REZ A, Hi%
OTE T PP R B BN P 2005 R 28« 412 TTAE IR BERA0A (1 BE LR , AR — A v RCH 97 BT 1 R4

A R4 B 7 16 ¥ (Sustainable Supplier Selection, SSS)J&: T VL AEH FE 25 . 4 £ FIFRIE K 2K ) FE A
b, EPEERGIE R TR LRI, DA HE R R I, R ORA R R SE A . PRSI B RE E
PEINBAE SSCM B0 H B, SR1T, AL GEM AL R R IR A A R B e o % R X e & i HAH TG 11T
Wrbnde, Faba AU E HORTEL 8 1B ZAE A DT IR, WA R BT AR A A B e R . 7E5LbR
W, BTN R bR R T A (e, ML HEWNER, P EEEEAAEAR
AR EN:, SEGRMEZ MM E B, MEEm . Kb, QB iFbrE 2 [R5 R, Mk EadE
OEIERES I VAH T BN 4 QTS S

TE 2 8 RIS PR R P AR I PR S 436 1) 0, AL ) RS R SR T VR BB TR SR 3 2 e A BRI, HKR & R
NEOHAT NI AR, @ RSRFEAT A FIEA R RIE RS AR, mEEEILA CHEr TR,
BV e S 2 A2 IRV FUAN A 1 A SR BRI [2] 0 PRS0 280 08 400 2 LU AR R S 2 S8 BOURE,  BIE 2R IROE,
H T AT R R (3t N 7 0 B 1) FBUI B U M AR R e v, DR B R RS D R AT A

T HATHIBE RBUR, —MRE LA B EA N, SRR R, RN e 5634 BR B 4T N
REAE AL B R IR B 792, T SR BB () T Rt B B . ARSCHRH - FRJE T Shapley {H 11
BB TODIM J7i%, B 7EfF U A7 S At SV 35 366 436 1) 700 o A 5 PR FE s ) A TEL 520 5% R A 3 25 A R B
I R, v e SR R 1) B W R 2

2. XHkERR
% J& P ¥ % (Multiple Attribute Decision Making, MADM) [3]J2 1B E % Z N B TEITE LT, & BRI
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177 AT 7 A I YL ) o A R SR A TR R IS RO BRAT g, AT SR BB [ATR I TR
TR P )RR, T A SR Y PSR RO T S SR K, A IRAT R N B R
R4, Gomes 1 Lima [5]F 1991 4E#¢ Hi ) TODIM (Interactive and Multiple Attribute Decision Making) 77 7%
B MET R SHERML EAZ BTk, TODIM ki o7 T HAr B ARSI FE, & RvFkE
FAE PRI T FRANE TT R AL, PA—AN 2815 07 SAHR T 5 — A4 1k T7 2 WA o o R 451 2K R ok
WiE R, il vH SRR B B 6 R VAL RN 5 R 55, R MR OR 8 R S A U A AN 5
PEN B BR B 17 A 2% T .

BT PPAN B 4 18] PR AR ELATE D — A58 Choquet B 43 [ 710k 41 ke 55 1t A% o R AH G M AT 22 B . Choquiet
U N FX S B 22 B AR SR AL T —Fp g TR, o5 g 2R A N H T 2 AN 1h7E
i FH Choquet AR i ks Il IS, A5 1& T HHARA B o2 ORIk, 20280 1 7o & AN R A B
XSS R RIEAE RN . Shapley {A [8]1F A — itk -& VR ZE o Bo in) @ i) TR, St 7 — PPl 4> o
FAE A AT RR IR B B ST R ) v, AR I B R B R (R M 1 70 2 AR DM ) R AL T —
AL . BRI, ARG N Shapley B R g ABARIAN A DCIE[9],  THER 8 S BAE FR (R AH FLZ 0 5C AR K 4R AR
B, FT TODIM J5 A B sk F ) vk 5.

RN R R RS R, BUOVSEMA S R RN E N, ©F ks B SRR, R
SEAGL ] T AN o YRS SPEA o A5 PR B 250 1) 7% 5 TODIM J5 V5 [10] TG0 78 40 il B R SfE 0k R mh RO BORS 14,
N T fERIX — A, Bellman #1 Zadeh [11PKBOMI S HE 10 51 A2 J@ Itk b, i FTBORIBOR Rk e siiag A
T E P R 45 S . Atanassov [12]7% 58 3| P 38 5 £E VAl 77 S0 T 1R (i e RE LI, W RE RIS &5 Hh 7 22096
JERNANH RSB VERIRE VA (A, 4R T BB SR R, 0 E i SR R ORI JE S R B I e SR
F N mE. #E—BH, Torra [13J3&H T NI IS, JUIRBIMISE Vi H 2 ] RE B R R 75k
JeB B, B R M IR S TE VPN A5 1 7 S IR TR AN o, R I FH T R I S e S R AR LE TR I
AEXT TR 5ORN B AT &, IRTEBORN S e Vi D SR 45t 2 AN RTRe AR, 3G 1 P s B A 1) RE
DAL PR SRR AN B PR AN S AR A T — M R B TR BRI, A R IR BRI A B R
WU R RIS R KL KRS S, PLEREAATRI B e i

FTUL S, ASCKAR HET Shapley E AL EAER] TODIM J5i%, & Ja®t X fia br [ 47 1£ 1 AH B3
We) G 2R, A5 FH 2 TS0 I P2 (%) Shapley fE AL 3 Fr A7 84 1] I AR BLAE F o FLURES PRI BRI AH OG € X,
FIBERIEN TODIM J7i45 5, BB RE KA RN, 32 HIUEER TODIM J7200 % 18 77 24T
Hev e daefim, A8 AT HRR S N R e 5% 2R 9 S i AR ST B TV A
3. X
3.1. Z- R E

SES L [LA1B P (X)) NAETEES X ={X, Xy, -, X, } WA, A X LIRS 10 P(X) —[0,1]
T J2 DA 2 2% A1 R0 44

1) WbrZM: u(p)=0, u(X)=1;

2) ®HiftE: VABe P(X) , ##AcB, I y(A)Su(B)o

HHE L1 A5, 7 e n AN EYETRARER BRI, G TR 2" 2 AME, 1 IR BRI v
SR A, AT A ORI FE SR A — R R AT P

SEX 2: [1A TAERM ABeP(X), ANB=0, Ae(-Lo). UIHEHINIE i 2 -

#(AUB) = u(A)+u(B)+Au(A)u(B)
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WUFR g9 A -BERAPEE - HaRE 3L 2 AR

1) #4=0, B0 u(AUB)=pu(A)+u(B), WA AR INERE R, AFIBAHEI;
2) #A<0, BJ u(AUB)<u(A)+u(B), WA AUV E, AMBHEIUAR;
3) A A>0, B u(AUB)> u(A)+pu(B), WA AMAIINTEREE, ARl B AHE HAb.
MRS X =X, X, X, AR, TBA A -0 L A -

1{]‘[(1%#( .))—1},/1;&0
u(R)=4 Lisn ()
Z#()
R ARQ) A B A % u(X ) =1ME—Hie S 4 A [15], BISRME R K 7R
/1+1:f[(1+,w(xi)) )
i=1

3.2. Shapley & ¥t

BT A ISR EE (Y] Shapley bR [16]1F 9 4b FE HAG M HOCER B HEE MM LR, W LR & H BIahnE S
ARG R EEME . Shapely BBUE KA R[17]8007F
~ (n—s—t)it!
Sj_TcZX\S (n- s+1 [#(SUT)=u(T)] ©
Hr, X ZATAERRIES, S & XMEE—1FHE, X\SER X5 SHESE, TEX\SHEE—
TH, n tR s SARES X T S HIIEL  wt X ERBRIEE . Shapley (B ANMY % S B BN PR AR K
A TEAREE Z [RIRT A iR AR S I DTk, IERE S BN FR AR B LA PR AR AR 2 [RDX 4 8 A A 1) B 1
FETTER .t T K ARAREY . BSHEL Choquet FR 43 R BE 0T AH Q8 Fia Fr B AH B.OC R 24T 73 #r[18], 17 Shapley
{E AT CAA A B A 4R AR AT AR ELRE M DG &R o [RIL, AR A SR 431 Shapley {EAE N Fa bR o

3.3. MR

X 3: [13]E T N NEEMIETES, EXEES T LR EEHEH ZM T 2| X A0, 1].-/
— AN TAER A R K. TSRO A 1 e K

H={{th, (t)[teT|

Hep, o ohy (1) Z2XIEI[0, 1)U ARSEEENES, RENEELteT JBTHNBEBME H K LA
e, *%zt%%-z*m% H KA TR,

igh=hy, () ={y|rehy ()} =H{"y% -y | M RBBRIELL9], Hrh y* €[0.4], (A=1.2,+,#h).,
#h ?%T?)ET%E%*@@&H LRI B, H{0.5, 0.7, 0.8} mukik# &k 7 R brF G
=R, HPFAEATREY: 0.5, 0.7 5 0.8.

T AEDLSE RSO R, RS 2 8 I IR Bl 415 S5 o A T B AR SRR L (D@ R E P I, HL
ANTF A B AR B G 3R A RO R R AN RN o A B RE B AN IR IROI R, 0 BB AT KN B B
EATZRIEE R, T WAk . 9T iSO AR — ek, AT N BT 1 e R Az
[2013E47H5), BIh=H{y*|A =12, #h}, Hrhy  NRIBERB 0 hsh A DHTTE.

X TAER M BBMIE hy A hy, WEREATIITCR AN BORFI[21], B 7T A BN > e
WL AR EMAA MR TR AT E PR MR IS, R UZ S o 4 R — %
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P, U0 5B AR A TE 3RO 0 TR 550 5/ 0 T 38 LB 00 TR M 44 G 3 A 5 —
AN FRAER B0 7C %A KA
X A (19D F—MRBERIE N = H {7, p™ ), BIREEUE SON:

S(h)z%(71+yz+m+y#h) (4)

BRI, X TAE R BT PIASRTRA EL hy A1 by FR2E 1570 B BRI B0 B HE iy 773 SON -

1) wmES(h)<S(h,), h<h,:

2) W s(h)=5(h,). h~hy;

3) wiks(h)>S(h,), h>h,.

TEX 5: [22]0 TAER N TR N B IR KA RO hy A1 hy, 6 REL B A B S I SRR A
TSR BRI«

dgmm:;%Zthﬁf 5)
o,y Al yg 0 hy A hy S A /NEIME, Ho#h=#h = #h, .
4. BT Shapley ERMTRIERM TODIM A%
4.1. |G)REER

f64511) TODIM J7i—F BT HISIIG M TR 2 RISk, PR AR AT B P (A R 5
(% ISR I, SO I8 T R A SRR R A 0 T 0 B, B o 5
[P R TODIM Jr T2, $Rth—FR 25T Shapley (HAYHR RN TODIM Jris:sksR ARk FRHse b
% IR PEY e

XA BRI, B A (1=1,2,,m) A m AT7 RARE 7R C(j=1,2,+,n) A n AT
B A7 2 AR TG R F e R R P A, FLIK B P (B . 8 X =[x | MBS RS, o
Xy = H{7b y2 it | R BUR RIS RS th e | FXESE | AP RIOIPAT. JET Shapley
{E5 0 #2508 TODIM 77 VR o e A T 40 %

4.2. BELSR

SR L W T RO Y <[y, ] o Sty (=L =L n) FOR USRS
ANTFFAR T | AREF IO TGO E A, LI TR T4 (1 70 245 4 P 91

S 2. WEIRALIIUERE X =[x ] . BRI, X7 MR R B
{00 P e AN BRI D AR AR 0 (L AT R, (A E AT AR IR TE R AN B (3B (LS
ERE X =|:Xij:|m><n , Hdri=1-m;j=1-n.

S8 3: AL Shapley B HLL S MR bR MBI SE RAGIEARIUEL . 4k 4 SR ARROBUBITIEE, HRAR A0
(RS A, 45 A ML T SEHEER THEBOMIIE, P3G 24 R(3) U SE4H8ARAY Shapley (i, HI%
HERRIRLALE W, =), j=1-n .

S 4: R E KRR S5 RR w, = max(w; [[=1.2,--.n}, SFHEARE) HH % IR
Wy (1 =1,2,0w,0) HXEF SRR XL {8 w,

W.

er:W:lj:]'l...!n (6)
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SRS T i 7 S T HU T R BRI R 9, . 9, MBI A IR A,
GREE. ) FIRETTE A TESRRR | AT 7% A 1 G IR,

80=20k,i.q=1m ™

j=1

\
/]
+

\/diéwir/zr;:lef (%) =8 (x)>0

#4=10,5(x%;)=5(xy) =0 (8)
1 [
- Idiézjzle,/wj,, S(%;)=S(xg)<0

RO NBRKI BRI, S50 /N RTRRFEI “BUR” WRERR AL w . IRIRBIRIBE B d ) IR
HOBIE X A1 Xy Z 1A (O RTL A IR B IURE d e (%, %y ) « EATR@)R, SEHAFAELL T =i BL[21]:

1) #S(x;)-S(xq) >0, FRELITH A MXT A TEHEC, J T RINE

2) #S(%;)-S(xg) <0, FAREHEITE A MXT A fE5REF C, Iy 19453 %

3) #55(x;)-S(xy) =0, MFREERA R BEAH K.

SB6: MHAROWHARA (=12, m) &AM EREE O (A) -
_ quzl‘giq —min; {Z:]:llQ'Q}

max; {qu:lﬂiq}— min, {Z:ﬂ&}q}

BT WAL RN ER B O (A) FRNSTTR A (1=12,--,m) BEATHEF .
5. B
5.1. ATFFEHER RIS B

TERT RSN R E PR, PR3 SAE R R L U P AE B TR AR T B LR AT P4, XL
PRAEAR 2T BEAETEAR ELRUMA (K196 2R o DU RE REY A 065 Aol T e 5 A R MR T V2 BB RE VR 2 Y e 7Y
DR, A B KA YR A, DA AL SE 2 9l 3 T RR ™ i K SR T B T {2 A 7 ey
BERGE R R — AN . BN R PPN AR AL O SEBR G DU, T ERUE . BRI RIAL 2 = 4T
WrARHEAR R R AR PEAN PR AE[23], IXRBIIXEE PR AR e R AR BRI . A ELES T o

FERIFREE LRI IR S R, B REANEGE IR = AT Pk FE 1 4 ASPEI RS &F
FA(C) B2 4(Co)s BT (CORALLTUE(CY), 4 MEMHINHGERIE . X 4 Mg kR
A=(A, A AL A) IS TREREEAT I, R4 B TR BRI BN AE RS, WA VRIN 5 8 0k 1 .

O (A Jd=1--,m 9

Table 1. Hesitation fuzzy initial evaluation matrix

&= L RBAEMEIT N B

Ci G, Cs Cy
A H{0.7, 0.8, 0.9} H{0.6, 0.8} H{0.4, 0.6} H{0.4, 0.5, 0.9}
A, H{0.5, 0.6} H{0.5, 0.8, 0.9} H{0.4, 0.6, 0.7} H{0.4, 0.6, 0.7}
As H{0.3, 0.5, 0.9} H{0.6, 0.7, 0.9} H{0.3, 0.5, 0.7} H {0.6, 0.8}
Ay H{0.3, 04, 0.7} H{0.8, 0.9} H{0.2, 0.3, 0.8} H{0.4, 0.5}
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5.2. ET Shapley {ERILTHER TODIM FF3EK AR

BT RIIR PO K T B — BB B, BRI A, e TR e R MG AIEN Y, O T IR
B TSI BRSO B IRV B, 25 R8RSR A BR B, BB ZON R OB A sk 3, T
HEBIMTTERE DV RN o R, BRZIAE TR NS %A T P E R T = N EE A
MBI R A TP 0 2 s

Table 2. Hesitation fuzzy standardized evaluation matrix

= 2. MBAERAT RN IERE

G, C, Cs C,
A H{0.7, 08, 0.9} H {06, 0.6, 0.8} H{0.4, 0.4, 0.6} H{0.4, 05, 0.9}
A, H{0.5, 0.5, 0.6} H{0.5, 0.8, 0.9} H{0.4, 0.6, 0.7} H{0.4, 0.6, 0.7}
As H{0.3, 05, 0.9} H {06, 0.8, 0.9} H{03, 05, 0.7} H{0.6, 0.6, 0.8}
A H{0.3, 0.4, 0.6} H{0.8, 0.8, 0.9} H{0.2, 0.3, 0.8} H{0.4, 0.4, 0.5}

15 106 T R LR R R S VPN SR AR AEAE AR LR OC R, (B8 T K40 M & SR AR K B2 AR 1(C ) =08,
u(C,)=05, u(Cy)=03, u(C,)=02, HANXQ)WHFA=-0913. RHEAX()MAHIHHELTEIRT
BEROBORIIN B a0 2 3 Fs o A A (B) TS5 645 1 Shapely f4: s,=0.382, s, =0.246, s5,=0.195,
s, =0.177 , HEMERKMSHRIFw, =0.382 . TG —Thbrt X SRR A EE w, =1,
w, =0.644, w, =0.510, w,, =0.463.

Table 3. Fuzzy measures for attribute subsets

= 3. BIBIRTRAVEINE

BRI B R B (=
1(C,) 08 #(C,,C,) 0.609
#(C,) 0.5 1(C,.C,) 0.445
#(C,) 03 #(C,,C,,C,) 0.978
u(C,) 0.2 #(C,,C,,C,) 0.964

u#(C,.C,) 0.935 #(C,.C,,C,) 0.920

#(C..C;) 0.881 #(C,,C,,C,) 0.742

#(C,.C,) 0.854 #(C,,C,,C,,C,) 1

#(C,.Cy) 0.663

AR 3(8) T A5 -t A 57 o (T A XN IR (L R KM, BRI AR R 0 By 1o FERHRAR M — T 5
FXFF HAbTT RIS R 4~7 Fios.

AR 2 A7) T 500 (RSS2 R AR EL A D7 SR AN (B B B, S5k 8 P MR 2 X (9) 154
SEBMMMERE O (A)=0618, ®(A)=0424, D(A)=1, ®(A)=0.
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Table 4. Perceived value function value of each alternative relative to other alternatives for attribute C;
F 4. B C ITE—ARENTEAES RWEANERRE

A A, As A
A, 0 0.322 0.332 0.376
A, -0.842 0 -0.738 0.222
A ~0.869 0.382 0 0.264
Ay -0.984 ~0.581 ~0.691 0

Table 5. Perceived value function value of each alternative relative to other alternatives for attribute C,
5. MR C, TE—ARENTEAES RWEANERRE

Ay A Az Ay
AL 0 —0.758 -0.724 —-0.839
A, 0.187 0 —0.484 —0.839
Az 0.178 0.119 0 —0.685
Ay 0.206 0.206 0.169 0

Table 6. Perceived value function value of each alternative relative to other alternatives for attribute C;
< 6. FEIEIR G T E— A RENTHEAES RWEANERRE

Ay A, A; A,
A 0 —0.814 —0.544 0.943
A, 0.157 0 0.126 0.205
Az 0.106 —0.647 0 0.943
Ay —0.184 —1.052 —0.184 0

Table 7. Perceived value function value of each alternative relative to other alternatives for attribute C,
F 7. TiENR C, TE—ARENTHEAES ZRWRENERHE

Ay A, A; A,
A 0 0.151 —0.894 0.205
A, —0.854 0 —0.854 0.17
Az 0.158 0.151 0 0.205
Ay -1.16 —0.961 -1.16 0

Table 8. Combined perceived value function value of each alternative relative to other alternatives
8. ERRMENTHEMSRNEES RN ERKE

Ay A, Az Ay
A 0 —1.099 -1.83 0.685
A, —1.352 0 -1.95 —0.242
Az —0.427 0.005 0 0.727
Ay —2.122 —2.388 —1.866 0
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R, R A A B R, O BRI A > A > A > A . Bk, EHETE
U {8 7 RO 0« A 2 A T R 2 R R e S8 7 SR RSB S 0L B T
Bk, A R 7 8 5 0 I T

6. &t

AR LR B R R TR M E B R AT AL S MR R A L, SRR A E IR . Ao
145 () TODIM J5i%8E T30 8, $RHE T — LT Shapley 18 KA T4 B0 TODIM 7732, B EMR Al #4E4t
S P A 5 1) A8 PP A CE (R FR AR TR AE ELSE M0 O R AR SR A BREEPEI 0] . i 51\ Shapley fEKALFEAR bR
AR EAE R, FR4E &M BB DR Wepk SR ARG AN b, A& F T 2 AR M i e . DUR A
SRR BEL @

1) EFXHEARIMAZLE AR FLRE M DGR, AR SO FH 2 T ORI FE 1Y) Shapley B TH 5 Wi i A 7] A FL 52 0
RAMFEREAE, AMUHRE T AR TTHR, EL5A T Fbs B b R 08E, M B8 A B VT4 T %4
W%

2) ARSLFRAr T EE T WS A 6 AN M AR IS (AT BREEPEAT o AR SCEA T IR R £+ G
TE S, BRI RPN S AT BRI (), KR IRBORIEOR TODIM ks &, 52 tHt B ASm
TODIM J5i, Xf#&ik 77 AT HE 7 S

i, B SET Shapley fE I B TODIM J5 i b FH 1 ] S (I N ik B 201, R 1% 07
ERAEBERE YE . REIGRRY, ZI7EREE N R —FP S IR =R RS R TR, # B
ARG A2 RIS = ANYEE 2 (MR BN P47, P & &M T RREE RN RS . 25T Shapley I
B TODIM J7iE4 H 1 T RpSLAE R RS 1B £ 00 07 P A FR I £, U0 %5 A E R A B R T
2 e bR (R AH B REM0 1F) 22 Ja8 1 W58 il A ) A At

E&WE

HE NS R0 5 AT H (19YJC630107) . MM G5 5 K o e i e S A BRI 4% 2 5 0
B4R B(20YQ04) . XIANA T 5 KA F5 5 4F 3 B BT H (20YQ12)

SE
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