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Sichuan liquor brand evaluation
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Abstract: Based on the hesitant fuzzy linguistic theory, this paper proposes a hesitant fuzzy linguistic PROMETHEE
method for multiple criteria decision making, in which all the judgments of alternatives over the criteria are represented
by the hesitant fuzzy linguistic term set. An example concerning the Sichuan liquor brand evaluation is provided to
demonstrate the applicability of the proposed method. The results of the numerical example show that the hesitant fuzzy
linguistic term set has many advantages in describing and tackling the complex Sichuan liquor brand evaluation and
decision-making problem with qualitative information. It also demonstrates that the introduced algorithm is easy to use,
and the improved prepference functions ensure the scientific nature of the decision-making process and the accuracy of
the decision results, as they allow decision-makers to select parameters according to their needs for representing strict
preferences.
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T B U P S /N R IR SR 4 A4S R T
RN N {5, 86} WIRFTA PR E —BOA B &
F o ()RR SRR PR 45 H RPN S R AT
FoRN {53}, Geid e sk /N 18, ok B3R el 8 1
T A R34S 3%E 1 L REAE 6 4N JE PR T IR I
o5 e MEVEAGE B PR TR R, X AT ).

Step 3: MRIE IR Eg, ¥R 1 TGS Rk
A TGAMIE S B, HAE IR BRE 5 P
i b Hg, B

Hg =

{54,55} {56} {80751}
{84,85,86} {s5,86} {so,s1} —

{82} {33} {54755736}

{84,85} {83754} {80,81}
—  {s4} {s3} {82, 83,54}
{85,56} {84,85,86} {84,85}

NIE ST R, IS INTE & ARG, AR EIE 5
PR B b AR IRBRE 5 R TE 5 ARED
FAR] (FRTFe b, X BLAF ).

Step 4: iff B MG ALRIE S 10 IEFARfR AT = {6,
6,56, 56, S6, S5 A A ERAEME A~ = {s9, 83, S0, 54, 53,
So}. 3X 6 A& P X Dy Ui & R T, PR, oF B TR OB
WG S B AR AT 5 OB AR R AT 2 1 i 2
dj (AT, A7), HE— 35 W5 0 96 $. i 2 70 I
c; M, iRai(i = L,2,3) R FH DT Ra(k =
1,2, 3) B FE EH et 1) 2 P v U i - R Bk A T 11 5,
T8 AR V(RS D S 7 S 5 AN B8 38 0 T
FEARRAL T AL 4, BLO = 0.6).

®1 ARGMTHRaWREEHHNH)

C1 C2 C3 Cy Cs Co
P; (a1, a2) 0 5/18 0  5/12  5/18 0
Pj(ay,as) 1 1 0 0 0 0
Pj(as,a;) 5724 0 0 0 0 5/6
P;(as,as) 1 1 0 0 0 0
P;(as, a1) 0 0 1 5/6 5/6 1
Pj(as, az) 0 0 1 1 1 12

Step 5: MR 20 (4) T AR S 78, 7T 45 7 (ay, a2)
=11/72,w(a1,a3) = 1/2,7(az,a1) = 7/48, 7(az, a3)
= 1/2, (a3, a1) = 9/20,7(as, as) = 9/20.

Step 6: AR 2 (5) F1 (6) 1 55 A=A 7 AL
ot (a) MR T ¢~ (a;), (T3 91 (ar) = 47/72,
¢" (az) = 31/48,¢™ (az) = 9/10,¢~ (a1) = 143/240,
¢~ (az) = 217/360, 6~ (az) = 1.

Step 7: HR4E X (7) THE T R, KR E. BT
é(a1) = 0.0569, ¢(as) = 0.0431, ¢(az) = —0.1000,
AR T Nar > az > as. HILAT L, 7EIX 3
AN G B, AT 32 48 BE VRO BT A4S, A aq 3R
PR GF, a AT NG FE IR TT &,

3.2.2  MBREALA VR i

Step 1: [/ 3.2.1 F1f#] Step 1.

Step 2: N 345 5B G B RO PRAL 45 R, a1 )
JE s TS 1 ) A, 2 HC O 2 5ok T AN [R) ) 1 o g
FIPEAN 15 B A2 i ) Bk ) @ 5 KB 5
XF 3 AN 2% 30 )1 ot RRAE 4 A B 1t T B S IR 45 Hh E
PR B R TR e, 1X AT ).

Step 3: R HE 4 bR AL By, B BUR (115 5 Rk X
A EBAERATE 5 2 JF MG I BB 1 5 DAt AR



F124 BUR 8 4: 144035 5 PROMETHEE 7 i 42 )18 & M 340 P 49 2 7 2733
W Hg, B 120, ™ (az2) = 1/24,¢T(as) = 297/360,¢ (a1) =
{ss,85)  {s6} {s5,56} {sa,85} 11/60, ¢~ (az) = 63/40, ¢~ (a3) = 23/60
Hg = {30,51,52} {33} {50,31} {54755336} . Step 7: *E*Eﬁa)ﬁ‘ﬁtﬂﬁ;‘%az % =, |

{54,85,56} {55,586} {s0,51}  {s6}

Nia BT, TN INE R E, (A AR IE 5
PG A B A 5 AN TR AR 1 = R I E S ARIE AN
FHIF) (SR T i, 3 BB H).

Step 4: Hfj & M AR E 5 (1 IEERARAR AT = {6,
S6, 56,56} T MIMARME A~ = {50, 53, 80, 4. XANDE
PR S P, DR, TH S R 1 S I AR
AT 5 AR AT Z AR 22 e R M e T,
Fi%a(i=1,2,3) T AT Ear(k =1,2,3) [
T2 i S 1) 20 P T i 7 o BBOHEAT T H AL, 45 SR WLAR
28O = 0.6).

®2 ARGRTHERaOEEHERR)

cr cg Co Ci0
P; (a1, as) 35136 1 1 0
P; (a1, as) 0 5/18 1 0
P; (a2, a1) 0 0 0 5/12
P; (a2, a3) 0 0 0 0
P; (a3, a1) 5/36 0 0 1
P; (a3, az) 1 1 0 5/6

Step 5: #4530 (4) tH AL S 4R E, 7T 15 7(aq, az)
= 107/120,7(a1,a3) = 23/60,7m(az,a1) = 1/24,
m(ag,a3) = 0,m(ag,a;) = 51/360,7(as,az) = 41/
60.

Step 6: R 4k 3 (5) A1 (6) T 5 i BF — A7
MR ot (a;) R AE O™ (a;), TR 9T (ar) = 153/

F p(ar) =1.0917, p(az) = —1.533 3, p(a3) = 0.4417,
AT REHETF Na, > az > ao. HILAT I, B
B PPN RS, 7R 3K 34N 1 b R it B aq 3R
DT, 88 ay BT BB R AR 77 &6

3.3 xttboh

AR B #4585 7 = PROMETHEE J5 32 1) {1
B, TH 43 500 FH 2 T R IR 1 S (5 S 00 R )
JE 2 J8 PR ST VA BT AT R I R 1
PROMETHEE 77 10V FIJE T 43 Bt bR B M IR AR 1
F TODIM J7 KT SRR i i 3 M FE R (3.2.1715) [ 1]
T R PE A ) L

1) - TIRGBRIE 5 5 2 EE B I 1 2 8 v
YR T

Step 1 ~ Step4: [F]3.2.1 7 Step 1 ~ Step 4.

Step 5: i LR BIWIE 5 10 1E HAR M m T A7
HARMEm, mT3mt = {{se}, {s6}, {56}, {56}, {56},
{ss}}m™ = {{s2}, {s3}, {0}, {sa}, {83}, {s0}}. i
B 64 & 1 H A 2 Y S 1

Step 6: ARAE T T TH AR NI & a; 53 3] 50
FRRERNIE 5 10 5B AR o T R0 G AR AR 1 R,
MR 3 PR,

dgowa(Hg, H3) =

m L 10(j) _ §20(5) 1
CuGX(Cm)) ®

j=1 =1

®3 BENAREBEMZENERS

A d(a;, m™) d(a;,m™) d(az, m™) d(az,m™) d(as, m™) d(az,m™)
A=1 0.3000 0.3619 0.2929 0.3429 0.3238 0.3095
A=2 0.3998 0.4349 0.3586 0.4269 0.3725 0.3904
A=3 0.4717 0.5754 04167 0.4893 0.4072 0.4599

Step 7: HRAE T FvHEAEAS G ST S0
FHE 55 I BE 35 2 FE (), 45 R R 4R K
— e, B = 0.5):

(1 —6)d(a;; m™)

"Wﬁzeawmmd+u—ﬁﬂmumﬁ' ®

F4 BT XMESNENHSE

A n(a1) n(az) nlas) HeF

A=1 05468
A=2 05210
A=3 05495

0.5393
0.5435
0.5401

0.4887
0.5117
0.5304

a; > as > as
as > a; > as
a; > as > as

M4 TT LUE H, ) i R 00395 5 8 e . 1K
53219 it g R —EL

2) F T AT AL A EAH i 5 PROMETHEE J7
.

Step 1 ~ Step 4: [[]3.2.1 75 Step 1 ~ Step 4.

Step 5: 1X 6 4™ & 1351 AW an Y 1, WObR AL B
TR 5 AR 5 SR A R A [

Step 6: MR NI FAEE Ec; (7 = 1,2,3,4,5,
6) N, 7% a; May, BIATBESE pr(2ij, orj):

pr(HS > HZ) =



2734 = % 5 X K %34 %
O5#(HINHZ) + > plsis)) 5, & SRR N ay > ap > as, i ay NEAR)E

SieHé,SjeHg

m . IX 5 3.2.1 R 4 AR T E 5 PROMETHEE /5 12

(10)
1 2
#Hg#Hs I 5
05 033 1 3) FE T 43 B R B BB S TODIM 772,
pr(ain;an) = 10.67 05 1 |, Step 1 ~ Step 3: [73.2.1 7% Step I ~ Step 3.
| 0 0 0.5 Step4: X 6@ MY A aa T B 1, MObs THE AL
0.5 0.75 1 | AR N S TR 7 e S e A .
pr(aiz,aiz) = [0.25 0.5 1 |, Step 5: M€ 1X 6 B MEHIREE S A w = (0.3,
0 0 05 0.2,0.1,0.1,0.2,0.1)T. o+ 5 A AN @ 1 09 AH X AL E
- . = s H - i =
0505 0 w]:ﬂ w]/w’rs/\qur max{w;|j - 1,2, ,n},
pT(CLi?,,CLig) — 05 05 0 , ﬂ{ﬁwjr = (1’2/37 1/?; 1/3‘72/33 1/3?
1 1 05 Step 6: R4 F Xt H T %R a; ¥ T R ap AN E
- - P BIAEE ¢ (ai, ar), G5 R UK 6 s,
0.5 0.75 0.125
pr(aw,au) =025 05 1 |, ¢ (i a) =
0875 0 0.5 -
- z wjrdgd(gijagkj)/zwjm
0.5 0.75 0.083 =1
pr(ais,ais) = | 025 05 0 |, R(gij)*R(g -) > 0;
0917 1 05 | 0, R(gi;) — —0: (11)
05 0 0 1 n
prlais,as) = | 1 0.5 0.083 ( :1“’” dya(915,95) [ 03
1 0917 0.5
N R(g” R gkg < 0.
Step 7: ﬁ‘ﬁ!ﬁfwazﬂ]ak IESEX VW =8 SHs
TSRS, i D (1=0):
£5 HRENSAHKEIEY R(Hs) =0 — ;;(T) (12)
a1 a2 @3 /\EP
a; 0.5000 0.5250 0.5292 #Hs
as 04750 0.5000 0.508 3 51 ,
as 0.4708 0.4917 0.5000 #HS lz;
N kY > \, \ VA — 2 .. — 2
Step8: 514 A7 EHIH AL 715 plar) = var(r) = QTP (T T2R g
0.0361, ¢(az) = —0.0111, ¢(as) = —0.0250. HIkL AT Tl
*6 AREBINEMHTHMEE
c1 Co C3 Cya Cs Ce
V105 V70 V35 V70 65
¢;(ar, az) T 0 0 0 0 Vo
V21 V105 335 V70 V210 270
¢5(ar, as) s 55 T A Y T
V105 V70 V35 V70 13
¢;(az, a1) 0 EEYE 0 T EEYE 120
b, ) 370 V14 B 3v/35 V105 _@ V105
3182, Ga 70 14 7 7 7 7
5v/21 V105 3435 V70 210 V70
¢i(as; an) 21 T 7 70 70 70 35
V70 514 335 V105 V70 V105
$i(as, a2) 7 14 70 70 35 70




#1248

BLE S 5. HHBALHiE ST PROMETHEE 7 % 2 1| /B S i iR 40 o 69 2 B 2735

Step 7: ARHE T k511 bt BRI DL 5B 76 K00 (as,
ag), BRI

n
S(ai ar) =Y dilai, ar). (14)
j=1
F7 HRZEMEES
ai a2 as
a; 0 —1.923717 —6.536 151
as —3.357 848 0 —2.558 166
as —1.735805 —1.746 173 0

Step 8: W45 T~ Xt HANT7 R o, 7T 2MNITE
Hé(ay):

ié(aia ar) — min {i d(ai, ak)}
k=1

5(&1) = k:1m
k=

6(ai,ak)}.

(15)
ML E(a;) = —0.42,6(ag) = —3.20 Al
E(a;) = —167.42. RIATAF )1 S B IHE T N ar >
as > a3, 1X53.2.1 907415 F PROMETHEE J7 V% 1)
THE R
M3 5 F At 7 v b2y T (0 SR FE AT % D
AR H B AR E 5 PROMETHEE J7 v 40 % T
B E BRI FE M AR AR 5 Tia . QA CH2
H A AR E 5 PROMETHEE J7 V45 52 P (K YAy
A BTG M 45 6, A B T s e 1. @ A
2 HH PR 002E P v 47 R B30 VT R SR AR SR 7
PSRN T PR AL T 1w i 0 24 0 #7185 @
ASCHEH A B AR5 = PROMETHEE J7 7k (£ 18 5
MR 725 R T BT 1T 5 RS, X e s F2
A A
4 4 »
AR T —MER GG S AT 1
T M3k B O 45 6% %) PROMETHEE % J& 1 ok 55 7
VAT VR YR 3 R G S A AT R AR
ik S 2RI U0 e YR 2 8 1 1) R AT R A
ik, 3 Hl it 2k ) PROMETHEE J5 7226 52 14
PPN (S B A N 8 B VRN . M TR T
RO 5 A5 5 AR 2E 59 I B2 04 22 a8 M TR SR VR, AR S
P2 H I S LTS B 7 5 PROMETHEE 77 4 55 1
8. AR ST i 5 e BRI HAHSE &, Hik
T P O 1 R 5 0V R SR AR TR SR I R IR
XTSI T B e 4 % S HOE AT R R X T VEAE IS
SRR 78 > R T TR R S ARE, A BT R
Tk R B AR A5 PR R e 5 A S ) v s L e 1 R

NgE

max {Z d(a, ak)} - min{

1

~
Il

1

PEAG 55 PSR 1 A B0 AUE T AR SCHR H 1 3 TR PR R
&5 [ PROMETHEE 77 ¥ [ 45 201 Al 4 3.

TAT K AR I 22 8 P VSR V9 e R IR AR
BEWE T, 8 EH K2 R ERE L SRIESE
R AT 25 A A T ST A R TN 58 AR R
— BRI T ). AR, VRS (S BBk 1 B A
RROR 22 Ja M e 32 I L ) T 9 A0 — AMELAS R T 11

il
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