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Abstract: In order to make scientific decisions of suppliers under the global value chain environment, a multi-criteria group
decision-making model based on uncertain linguistic terms was proposed. Preference information, first elicited from experts,
was transformed into hesitant fuzzy linguistic terms and computed with words via uncertain linguistic variables. The expert
group's preference information was then fused by the envelope operator and hesitant fuzzy linguistic term set built. Then the
relative closeness coefficient was adopted to sort the production suppliers. Consequently, the most satisfactory supplier was
selected. In addition, information entropy was proposed for solving the weights without prior knowledge of multi-criteria
decision-making process. The results show that the most satisfactory selection results are the same under 3 different
information entropy parameters. Moreover, the ranking results of the relative closeness coefficient for supplier selections are
not sensitive to the change of information entropy parameters, which verifies the feasibility, effectiveness and stability of the
proposed model. Therefore, the proposed model can provide a useful reference for the practical application of auto parts
suppliers' evaluation and selection.
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[][0,1] byt #x € XM ] REsR 8 B AR &, N

Aa(x): X - p([0,1])0
Horb, BB BRI A5 9008

ho=inf{yly € a},i" = sup{yly € i},

MBBRIE 5 AREEE L.
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WX E B PR BM 5 F R 15 4E (hesitant fuzzy
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Fig.1 Framework of ULT-MGDM model
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Tr(S ;) = {sisi € 9),

Tr(MO(s;) = {sjls; €t and s; = 5_,..., 5},
Tr(AL(sy) = {s;ls; € ¢ and s5; = s},
Tr(BE(si,sj)) = {sklsi € 9 and 5;<<s5;,<<s;,i<<j}o

WA TIR PP AEI S 547 % 570 Tl K F A0 B AR )

Tr(LE(s;)) = {s;ls; € ¢ and s; = s, Sis1, 81425},

S ARER S BER AT R4, HAE 5 SRR RS

WL 1~5F7R
x1 EBRUE)AEESER

Tab.1 Decision linguistic terms matrix of expert 1(E;)

Y WES C G Gy Cy Cs Cs C;
X LE(S,) LE(S) LE(S,) LE(S,) MO(S.,) AL(S,) BE(S.1,5)
X MO(Sy) LE(S,) LE(S,) LE(S) AL(S)) MO(Sy) LE(S)
X; AL(S)) BE(S),S3) BE(S),S3) MO(Sy) MO(S)) BE(S., S,) BE(S),53)
X, BE(S.,,5)) BE(S,,S3) BE(S.,5,) BE(S.,,5,) AL(S,) LE(S;) LE(S))
X5 BE(S.,.S)) MO(S;) BE(S,,,S)) BE(S.,,S)) BE(S., S,) AL(S3) AL(S)
£2 ERUE)RKIESHEME
Tab.2 Decision linguistic terms matrix of expert 2 (E,)
VS i G G, Cs C, Cs Cs C;
X LE(S,) LE(S) AL(S,) LE(S,) AL(Sp) AL(S,) BE(S.1,S,)
X, LE(S) LE(S,) LE(S,) LE(S)) BE(S.1,5,) LE(S,) BE(S),53)
X3 AL(S)) BE(S),S3) BE(S),S3) AL(S,) LE(S>) LE(S)) AL(S,)
Xy BE(S.1,5,) AL(S)) AL(S,) AL(Syp) LE(S) AL(S,) AL(S))
X5 BE(S),S3) AL(S)) AL(S)) BE(S),S3) LE(S,) LE(S,) AL(Sp)
£3 ERUE)RKIBSERE
Tab.3 Decision linguistic terms matrix of expert 3(E;)
L WIES G G G C, Cs Cs C;
X, LE(S)) AL(S)) AL(S3) AL(S)) MO(S.,) MO(S,) LE(S;)
X, AL(S,) LE(S,) BE(S,.S53) LE(S,) BE(S.1,5,) BE(S.,,S,) AL(S,)
X, AL(S) LE(S) AL(S)) AL(S)) BE(S,,S;) AL(S,) LE(S)
X, AL(S)) BE(S.1,5,) BE(S.1,5,) MO(S.,) AL(S,) LE(S)) BE(S).S3)
X; BE(S,,S5) AL(S) AL(S,) AL(S,) AL(S) AL(S.,) AL(S)
R4 ERAE)RFESHEME
Tab.4 Decision linguistic terms matrix of expert 4 (E,)
PRI % G G, G C, Cs Ce e
X AL(S3) AL(S3) LE(S,) AL(S3) AL(Sy) BE(S),S3) LE(S,)
X, LE(S,) LE(S,) AL(S,) LE(S,) LE(S,) AL(S,) AL(S,)
X3 BE(S),S3) AL(S,) LE(S,) BE(S.1,5,) AL(S;) BE(S),S3) AL(S;)
Xy BE(S.1,5,) AL(S)) AL(S,) AL(S) AL(S3) AL(S3) AL(S3)
X5 AL(S.)) MO(S.)) AL(S.) AL(S.,)) AL(Sy) BE(S.1,S,) AL(Sy)
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Tab.5 Decision linguistic terms matrix of expert 5 (Es)

VS UES C, C, Gy C, Cs Cs c,
X, AL(S,) LE(S)) BE(S).S3) AL(S3) AL(S.3) AL(S.) BE(S.1,5,)
X, BE(S).S3) AL(S) AL(S) AL(S)) AL(S)) AL(S) BE(S).S3)
X, BE(S,,S5) LE(S;) AL(S;) BE(S,,S5) BE(S,,55) BE(S),S5) BE(S),S3)
X, BE(S.1,S,) AL(S,) AL(S.) AL(S) AL(S,) BE(S), S3) AL(S))
X; AL(S) BE(S.1,S,) AL(S,) AL(S) AL(S,) AL(S.,) AL(S))

N T IR REARR P N, AL SR
i 4715 JE (RO 5) YAl 7 i R, A5 5N B
N OCTE R AETE Y e 4 R T e ()% e S i 415 B 2R AT
MBBIE F ARG AL, SR KRB E

ANFATEHE TR, BRLHXR RSB
WIIE = RS, R 1TPTR.

AR R AT 1377 5 JE 008 70 M ok SR I ) AR EEL A5
B ORRITIE S REHEFAARQ), 2HlitES

B R RINK6~10171 . 0=0.5,155 21, 2 TAEN A5 S, & RNk
B & FIHL BB TE 5 ARIE LS R (R6~10) A 12~14175
R 6 ERUE)VLKEMIES RKERE
Tab.6 Hesitant fuzzy linguistic terms decision matrix of expert 1 (E;)
P VES (ol G, Cs C, Cs Cs C;
Xi {S7.5:} {51,5,,53} {52.5;} {S7.5:} {S3.5,} {85} {S0.51}
X, {83,5,,5.1.50} {S.5:} {52.5;} {51,5,,53} {1} {83.5,,5.1,50} {851,5,,85}
X; {S)} {81,855} {S1,8:} {8.3,5.2,5.1,50} {8.3,5.2,8.1,50,51 } {S0:51} {S1,8,}
X, {S0:51} {155} {S0:51} {S0:51} {Sy} {51,5,,53} {851,5,,85}
X {S.1.50} {83,5.2,8.1,50,51} {S.1.50} {S.1.50} {051} {83} {8y}
RT BRUL)RBEMIES RKERE
Tab.7 Hesitant fuzzy linguistic terms decision matrix of expert 2 (E,)
RIETTH G G G G, Cs Cs C
X, {52,83} {81,52,83} {82} {52,83} {So} {S2} {S0.51}
X {81,825} {S,,53} {87,83} {81,5,5;3} {S0.S1} {87,83} {81,855}
X; {51} {S1,5:} {51,582} {52} {52,585} {51:52,55} { Sy}
X, {S0:81} {S1} {82} {So} {51,52,83} {S2} {81}
Xs {51,852} {51} {81} {51.5:} {52,83} {82,83} {So}
RS ERIE)ABEMIET RKERE
Tab.8 Hesitant fuzzy linguistic terms decision matrix of expert 3 (E;)
PsRTT G G o Cy Cs Cs (e
X {81,8,,83} {Sy} {83} {8y} {83,855} {8.3,5.2,5.1,50} {81,8,,83}
X, {S2} {82,83} {81,823 {52,83} {S0:81} {S0:51} {82}
X; {51} {82,83} {51} {81} 51,82} {82} {52,83}
Xy {51} {S0:51} {80,813 {83,52} {82} {51,52,83} {81,823
X5 {81,823 {81} {So} {82} {81} {82} {51}
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Tab.9 Hesitant fuzzy linguistic terms decision matrix of expert 4 (E,)
VS WIE S G G, Gy C, Cs Cs C;
X, {5} {5} {85255} {85} {So} 51,5, {5255}
X, {5255} {S52:55} {2} {5255} {52,855} {82} {52}
X3 {51.5:} {82} {52,83} {S0.51} {52} {51,8:} {82}
X, {So:S1} {Si} {2} {51} {83} {83} {85}
Xs 8.1} {8.3,82,5.1} {81} 8.1} {So} {S0,51} {So}
R 10 ERS(E)RBIEMIES RIKERE
Tab.10 Hesitant fuzzy linguistic terms decision matrix of expert 5 (Es)
WIS G G G Cy Cs Cs (e
X {S2} {51,52,85} 51,5} {83} {83} {84} {S0,51}
X, {51.8:} {51} {51} {82} {51} {81} {51,852}
X {51,82} {851,82,83} {51} {81,5:} {81,82} {81.8:} {81,82}
Xy {S0,51} {So} {84} {81} {S2} {8152} {S2}
X {81} {S0.S1} {So} {81} {So} {S.2} {82}
11 ERZERSMBEMIES RRER
Tab.11 Hesitant fuzzy linguistic terms decision matrix of the expert committee
RHETT % C G, Gy Cy Cs Ce C;
Xi {81,52,83} {51:52,55} {81,82,83} {82,833 {8.3,5.2,80} {83:5.2:5.1,50, 51, 82} {80:51,52,53}
X, {8.3:82,8.1:80:51:52:53} {51:52.55} {81,82,83} {81,82,83} {80,51,82,53} {83:82,8.150:51:52:83}  {S1,52,83}
X3 {81.82} {51,82,83} {51,883 {83.52.85.1:50:51.%)  {83.52.5.1,50:51.82, 83} {80,51,82,53} {51,52,83}
X, 80,51} {S0:S1:52} {8.1:50:51:5} {5.3:5.2,80,51} {81,82,83} {81,82,83} {81,82,83}
Xs {8.1,80,81:52} {83,852,8.1.850:51 {81,805} {8.2,8.1,80,51:5} {S0:51:52:53} {8.3,5.2,80,81,:52:53} {80,515}
®12 FEHITELER(e=0.5)
Tab.12 Calculation results of information entropy (with 0=0.5)
/ 1 2 3 4 5 Eitha™)
1 0.318 4 0.2339 0.2429 0.0417 0.060 7 0.641 0
2 0.318 4 0.318 4 0.318 4 0.107 9 0.176 6 0.504 2
3 0.318 4 0.3184 0.318 4 0.121 4 0.074 1 0.5397
4 04125 0.318 4 0.1993 0.179 1 0.155 4 0.494 2
5 0.1833 0.179 1 0.2339 0318 4 0.179 1 0.562 5
6 0.1833 0.179 1 0.2339 0.318 4 0.179 1 0.5293
7 0.179 1 0.318 4 0.318 4 0.318 4 0.1079 0.503 2

=05

Mo=0.50F, KIE(3), THEAF BN TIHE I AIAL

Ha=11F, WRAE(3), TN FIBUE N
=(0.1141,0.148 3, 0.135 3,0.153 5, 0.147 9,

®=(0.1113,0.153 7,0.142 7, 0.156 8, 0.135 6,  0.1509,0.150 0)".
0.1459,0.154 0)".
MRAEF(D),  THEES AL L R (10 R T U

0(x;)=(0.364 4, 0.345 3, 0.366 5, 0.380 8, 0.472 6).

MRIEI(4),  SRARSA (LR AOAR S I 3 5
a(x)=(0.371 2, 0.348 4, 0.369 3, 0.377 9, 0.470 4).
Yo=20F, HRAE(3), 7N AUE S
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Tab.13 Calculation results of information entropy (with o=1)

i .
/ 1 2 3 4 5 Ejtha™)
1 0.3333 0.2857 0.2500 0.083 3 0.1250 0.569 0
2 0.3333 0.3333 0.3333 0.166 7 0.2333 0.440 0
3 0.3333 0.3333 0.3333 0.166 7 0.1111 0.488 9
4 04167 0.3333 0.2500 0.2500 0.200 0 0.4200
5 0.277 8 0.250 0 0.2857 0.3333 0.250 0 0.4413
6 0.250 0 0.2857 0.2500 0.3333 0.305 6 0.4302
7 0.250 0 0.3333 0.3333 0.3333 0.166 7 04333

14 EEHTELER()
Tab.14 Calculation results of information entropy (with 0=2)

/ 1 2 3 4 5 Ejth™)
1 0.360 0 0.3333 0.263 5 0.1179 0.186 3 0.495 6
2 0.360 0 0.360 0 0.3600 0.2152 0.288 7 0.366 4
3 0.360 0 0.360 0 0.360 0 0.204 1 0.136 1 0.4319
4 04249 0.360 0 0.296 6 03118 0.2357 0.348 4
5 0.346 9 0.3118 0.3333 0.360 0 0.3118 0.334 4
6 0.296 6 0.3333 03118 0.3600 0.353 6 0.3379
7 03118 0.360 0 0.3600 0.3600 0.2152 0.3572

»=(0.116 5,0.146 4, 0.131 3, 0.150 5, 0.153 8,
0.1530,0.148 5)".

HRAE20(4),  SRAES AL RL R AR X Uk 3

8(x)=(0.374 5, 0.350 1, 0.370 2, 0.376 1, 0.469 3).

ANTR] oA S A A4 I 7 4R X I U P A PO 4 25 F
PR

Bo=0.50F, x<x; <z <y <<xs;

Ma=1HF,  x <oy <o <oy <uxs;

Bo=20F, x<an <oy <xg<xso

DRI, AR I o 2 A o il 116 I 7 o
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Fig.2 Information entropy distribution map under different o value
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