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Abstract: A decision method of integrating the prospect theory with TOPSIS is proposed for multi-attribute decision-
making, where the attribute weights are unknown and attribute values are in the form of hesitant fuzzy number. Considering
the different attitudes of decision makers toward index sets, An approach to determine the weights of attribute by the
entropy method based on the hesitant fuzzy entropy is proposed. The prospect value function of the hesitant fuzzy
number is defined by introducing the psychological risk factors of decision makers into hesitant fuzzy multi-attribute
decision-making, and the hesitant fuzzy decision-making matrix is converted to the value matrix based on which the
ratio of gains to losses of the alternatives is calculated. Finally, TOPSIS method is used to rank all the alternatives and a
numerical example is provided to illustrate the effectiveness of the proposed method.
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b 2 T A PR B ) 8 T8O QUALIFLEX #5677
. Xu 231 $7 5L T TOPSIS HA8 B2 B0 22 J& 1k v
FETT IR B AN 58 A A EL A R 5 ) R /s
S U B HUR TR BOMIS BT 10X 5 WSk 7 Vs,
A H RN T 2 /P sE . SR, LB SG TR AR
P15 B0 2 J@ 1 Y SR 9 22 0 i A SR A
FEGHS oy CVEN PRSR A R S AT R Y SR b T 7R K
B e SR Iak R e SR A A R AR 5 1 ) IR A e 3
1T, [FIINF, 4% 45 TOPSIS & J& 1k 22 [a] LA fE 85 4
R 2 AE G 25 SR AN A B DL R R S S
2k A AL E oL R,

AR SCHRE BRI 3 T AT S S M TR AR
TOPSIS $R 57732, B 5, 25 FE B 8 X R bR SR A
[ s 2, 5 FH 258 T 00 TSR A 110 A L2 1 o J8 ME AL
H ANE, 8 ST TR H T S A R L I DA
YL TG ATRIT L S 55 B e A AN S I, T T H B HH i
s 45 2% FO AR B AR T s f J, 82 TOPSISS frg
ARG, 0 £ T BT B HET, IR A HAIEAT
IEHIE.

1 EriE
1.1 REEMERNEAR

ENIS B X RAENBEMHE = {(x,
hu(z))|e € XY AX LRI B4, Kb hy (o) 2
F DX 18] [0, 1] B JLANAS T B B0R i R 4R, R o @
THRETWNE TR REFRIEE L = hy(z) = {1
yehu()} = H{H A2, AP A DIRBER
oA € 0,14 = 1,2, LRTEBRIE A HH K
he = H{1 —~4"1 =72 1 — '}, L BRI A
Hh Pt R AL

TEN 2500 S AR M) 3 MR IT b hy £
ho, EATRISEAIZ MR G 08—V 30):

1) hi (N he = H{min(y1,72)|71 € h1,72 € ha};

2) hyJhe = H{max(y1,72)|71 € h1,72 € ha};

3)6h = H{(1 — (1 —~)%)|y € h}, 0 > 0;

4)h? = H{+|y € h}, 6 > 0;

5) he = H{(1 -7y € h};

6) h1 ©® hy = H{(mi+72—m7)n € hi,
Y2 € ha};

7) hy ® hg = H{v172|71 € h1,72 € ha}.

EX 3V PR E D WER N =
H{A=1,2,--+ 1 } M hy = H{v|A =1,2,-+,
Io }, BB b () 0 R 4548 P HE 51 HL B AR T3 B
Iy = ly = LH A Ry 5 SRR B ASRA KL by R0 By o
FENDNE A by < ho M HALE A < 4, A =
1,2, 1.

TEX AT PAPCTEATHA L by AN g 10 P 0 U P

PR TEASORY) i B P 2 00 32 AT TSR I T L L A5
MPEEZRTR, 7351

1 1
dg (hi,hs) = 72 I —);

1 l
dg (hi,hg) = \l fz (72 _73)2'
Y

EXSUT 0 TAE R — N IREBERNE h, h ST
AR
BE(h) =

l

2 ) )
_ o(i) o (i)
1 T iEZI(((l—i-qh )In(1 + gh')+

(1+4¢(1 = h7= D)) In(1 + (1 — A7 D)) /2
2+ qh”® +q(1 = 7071 /2
In((2 4 gh®® + q(1 — hoU=71)Y)/2)).
o heO RRMBEM B L P H i KIITTEK, ¢ >
0,7 = (14+¢)In(14¢q) — (24 ¢q)(In(2+¢) —In2). AT
CAIIE A FRASS R85 2 () 36 A2 S

#HH1 E(h) =0,%H{4h=08h=1.

2 HHH RO + pol=HD = 1 =
1,2,---  IB,HE) =1

E3 #HhD < hgD R3O 4RI <1
KD > 3@ RO 4 g >y =12, L
E(hy) < E(hy).

#HFE4 E(h) = E(h°).
1.2 AIRIER

AU SRR 2 DL IRERME” N ATHe, R sk &
P = 00 RIS i 47180, iy S A7 ER AR {1 B 50R R 2 AL
B BR AR, A (R R R PR S AR AR S BRI 2 BB
I A 1 2 A2 B A 1), o SCIn R

EX 6 Tversky F520 25 H A H BRI B v (Ax) N
T R4, B

Azx®, Az > 0;
v(Ax) =

0

-0 (—Az)?, Az < 0.

H: A He B H:—2% S MR/, Ax > 0,
ARG, Ar < 0, RN TE 2R o fl BB T R
NS at AN 2R I U AEAR T 5 0 SR AR T
&, YL 04 25 S INBUR; o, 8, 0 B EUE Y6 Fl 4y
MNa>0,8<1,60>1.

FEHT SR T, K H K S5 SOk 2 &
77 58 BT A R4 SR 100, AT, 22 2% IR 3k 00 R 3R
g R CEE PR S G — M R R
R E O XU fi i O BEDIR 25 e 8, TEAR R 2
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0 AIR1, H R H22) | ST % R 0 B L)
E AR RLS2S s e 58 . A AR R &

e TSR RK PR BE B BE 27 &N 7 S 725 1E f B AR
(R R /I, 5 ST A TR BRI PR 85 1 1 S A BR 2
Ws .

EMNT WAL BB A A R AN |
hy=H{y|A=1,2,-- I} Flhy = H{33 A = 1,2,
s U DR A ho RS2 5, M R
BIEChy BRTSE R ECH

Umﬁ_{wmmmm%m>h%
—0(dg(h1,h2))?, hy < hy.
2 HiREWR T IBER TOPSIS $ sk 5 1Y
iapiaf=:
2.1 (IR
B 1 — AN AR 22 J8 1 W 5 ) A 3 A 75

W REMaANTEN B 2 X = {o1,20, - 20}
(i=1,2,-- m)RITRED = {di,dz, - ,d,}(j

= 1,2, ,n) NEMEE HXBERMHw = (w1, ws,

n

o wn) TR, € [0,1],5 = 1,2, ’n,ij —

=1

L. TSI R SRR e TR S 2
UM, P 5 3 R AT Y SR I T RE S AE — BTl fE 2 [H]
WA Y. BT ARS8 45 5 oy (R B M d (0B M
BN i B hig = H{v, 75, ﬁé;‘j}aﬁqjlij?%/%
MBI E i HCEANELH = 1,2,
1,2,--- ,n.
22 WEWMERE

& R B A R R & SN
BN 2 FH 38 v, AT 7= 26 7 RROR 6, ASCR 6 T A T
SE — IMEUR 4 B A BRI P R R B R — R
{1075 MR AT, FCAR R i 4 50 BT B 45 155 S o %
FEAR (B, A ) R T 25 S A, B K. I AL
AT AR 22 J 1 S i 1 4 AR AN EE 0 B
7N

Step 1: e 4 O R oy FEJR M d R MEAE, B
WMABAERNEL L, TR,

Step 2: 7£ 2 J& P4 1R 5 1] R, YA J8 P 4 M
24 BRI RSCAS B, Dy T3 B AN [R] P B A0 fe 24 1
S 48 LR B, A SC P Zhu 240200 2 L PR TR OROR
T Ak 7 7208 RO Y P A 3 Ak R 2 A R 1,
B T e BB PE, A hyy = by AT U SY JE H,
7ﬁ]_lz'j = (hfj)’ﬁq:'(hfj) = H{l - ’Yiljvl - %‘2]"
71_%?;;‘}_

7m7j =

Step 3: % [& B4 Gt v H VP 48 bR B A XA E
TG AEN R, AR SCH Xu SENTEE H A B AR
BT E AR R AR I B, BT

E; =

% 3 (1- % SO+ gh™ D) In(1 + ghe @)+

= =1
(14 q(1 = h7 D)) In(1 4 g(1 — h7U7HD))) /2
24+ qha(i) + q(l _ ha(lfi+1)))/2><
In((2 + gh®® + q(1 — h0<l—i+1>))/2)). 1)
Ho he O MBS P KINT R, He >
0,j=1,2-,nT=14q) In(1+¢q) — (24 ¢)(n(2
+q)—1In2).

Step 4: H1 15 B0 B AT 01, 548 # /IS, A1 F)
WrFEbRitR B B 2 VPN FERR O B[R, 5B
ANPE Fa AR BB

1-F;
wj:nij?j:]wQ)'”un' (2)
> (1-E))
j=1

Step 5: HI T PR S 0 Fabn & AN [R w4, F 32 30
MHEIERERBN (G =1,2,-- ,n) RERUER— 2
1& 1E271 15 3] B8 05 5 4y vH: Tfly G 35D A7 6 bk 330 AT f
R w, H)

Ajw,

=,
E Ajw;
=1

23 BRI THMIRIER TOPSIS HEF 75 3%

It 5 e S ) H 2 A 2 A AN o R 1 A
TR 1, R % 5 7 Sk X LA SRk B AT SR 12« AN i
5E M A 115 U2, 5] B 7E 552 BR ke 58 o i o e o 3
AR %5 1 10 U Ol 433047 1R 5K K17, 22 L TOPSIS
I SR SR AR VEAE R WA B S e A B
PRI 22 J8 P W SR 1) 8. [T b, Do i e DAL i 3, A ST
HH — PN PR AR I 55 1 1 ¢ 3518 A TOPSIS AH 45
G2 BT 7 1, 1R 3R R J5 0
TR AR AT IR 2, F1 B AU 1 45 SR
JE 1E BRAR fif A0 A7 BRAR R ARG P RN T R 5 IR
T ACA 1) PR 5 R T R AT S fE B E, TR I
s 0 R LUABLAR 5 ARG Wl B, A 5 BT 7 R AR 25 HE
P, BT SR N A BRSO TOPSIS HE T 77240 °F B
NG

Step 1: A4 38 1 A% 55 1 4 e AL 0 BRASER e SR

.
w;

j:1727"'7n' (3)
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hiy hig -+ hip
ha1 hag -+ hap
M=\ R “)
Bt Bz hun
TSR IR B B B e R AT PR A, AR )a
PR Xu S5 45 R0 FR 0 U 946 & 76 3R AN BORDG 2D 1Y
MIGRRE B A MR T Rm N L = L
W hyy RoRTT R BV NHBYAE, 2 — It
BOMIEL, 1 R BB hyy PR AE, Hohy =
H{%ljﬁi?j,... 7%2_}’1' =1,2,---,m,j=1,2,---,n.
Step 2: X HR A A TR D SRR RS M AT A —
AL E, I BR 25 HR AR 20 5 B0 RS2, 15 21
— A TSR] P SR
hi hiz -+ Ry
_ hot hoy -+ hay
M = . .
Bt Bz -+ Hunn
Hodont TR BRYEA by = hags 6T ROR SR M
ﬁﬁzj = (hfj)vﬂ(hfj) = H{l - %ljv 1 - %‘2]'7 T
1- "Yz%]“
Step 3: R4 BUE AT 21 (0B AR 4 W A7 3 ) —
P FRASRI RE [ M, 43 BN — A BRSR e 5
piElLs
[ hii o o R | Jwr 0 - 0
- hoi hoy -+ hay, 0wy --- 0

Hpwe = (W, Wy, - W),
Step 4: fiff & 1E FRAE il A S AR . e ot N IEEE
R, o~ AR, AT 1S
ot = {d;, max(h}y)} =
{djaH{(ile)+7(iL]2)+7 7(il‘§)+}}a (5)
o = {dyuin(i)} =
{dij{(ile)_7(iL5)_7 7(iLé)_}} (6)
He:j=1,2,--- mA=1,2,---,L
Step 5: I 0 R B0 R )L L 45 B 8 00 %2 43 o) 1t
R — 4k 7 R 5 1 AR R R0 7 2 AR A 2 TR (Y B

.2 D (2, ") M D (2,27 ) 3 ERR T R, 51E
PRAE S o MR R AR 2 2 R PR RS 2, B
D(zi,27) =
{d(hir, () "), di(has, (ha) ),
<y di(hin, (hn) )}, ©)
D(z;,z7) =
{dp(hir, (h1) ), dp(hiz, (hs) ™),
s dp(hin, () ")} @®)
Step 6: H1 il 35 FLAE A8 B& B B & AT v &
TF AT J, A AR BRAR A N 255 5, U8 O S A

W85/ 7 S8 30 2 1, B
vi(dE(ilija (;7’])+)) = _e(dE(ilija (ilj)Jr))’Ba 9)
vt (dp(hij, (hy)7)) = (dp(hij, (hy) 7)™ (10)
Step 7: VFRAFAN T 5 vy BN a8 3 2K LUAE, BT
> vt (dp(hi, (ﬁj)_))'

Jj=1

= (11)

> v (dp(hij, (b))

j=1
W C(i = 1,2,-- ,m) ER RN T AT HE
e, CABBOR, J7 SR,

3 EHBlatr
3.1 [EEAYHEA

BPHT J1 0 — ANl R R A% 0 35 4 10, 2 Alk
A AE AR IR 6 BERG H, 6H 6138 Y A b 3k AT 1A B
A B B R SO S bR AL A 5 2R AT 1Y F v
il A 53 RN A {1, o, w3, T4, 25}, 0N T
e BB R e 0 ) g 8 ), R XU B8 B ALl A
RS 4 NPT HR {dy, do, d3, dy}, 551 ZR 7R A
BORAS. BB AP RaE . BT A 2 R A BT
A *H&E@E‘ﬁﬂﬁw = {wy, wq, w, wy } KA, H

TR w; = Lw; > 0. Hoh B dy, dy J

=1

Zl-"i“;dz,djg AR B P R A8 bR T 2R H0H 2
I, Aoy As, b = {0.35,0.35,0.15,0.15}. R FE#
P 45 SR DI PG e S A B T A R IAER 1. 3L
FERE T TT R H {0.3,0.5, 0.6} FoR e S A 4R TF
W75 %8 w1 R JBE dy (BB AR B FE I, PEAL B AT
BES2 0.3 0.5F10.6; HoAh ) Fds BA AU = 3
PE AT DL A5 H {0.3,0.5,0.6} RE R T R,
fEJEMEdy N B A,




868 # o# 5 xR F0%
R 1 IRBAERRIERE H{0.32102,0.32102,0.321 02}
d d ds ds H{0.32102,0.366 88,0.412 74}
z1 {0.3,0.5,0.6} {0.7} {0.45,0.5,0.6}  {0.1,0.15,0.2} < H{O'275 16,0.27516,0.412 74} -
zo {04,0.50.6} {0.7,0.8,09} {0.450.550.6} {0.3,0.4} H{0.18344,0.2293,0.275 16}
z3 {0.6} {0.6,09})  {0.45,0.55,0.7}  {0.2,0.3,0.4} H{0.137 58.0.183 44.0.229 3}
x4 {0.4,0.6,0.7} {0.4,0.5,0.6} {0.9} {0.7,0.75,0.85} ’ ’
zs {02,03,04} {03,0405) (0405}  {03,0550.6) H{0.073935,0.08215,0.098 58}
H{0.0739 35,0.0903 65,0.098 58}
32 WERHE < H{0.073935,0.090365,0.11501} —
ARG 2.2 745 Hh 3 T TSR0 PO AL EEL A 0 T 9, H{0.14787,0.147 87,0.147 87}
WFRBENEw = {w,ws,ws, ws} 5EERMIIIN H{0.06572,0.06572,0.082 15}
TR 2 Je 1 R SR 1) A, W] DU 3K (1) #EAT RS ) H{0.19984,0.21233,0.224 82} ]
q = 27 AT A HE R AR 2 . H{0.14988,0.14988,0.174 86}
< H{0.14988,0.174 86,0.199 84}

®2 IRBIEMGERER

H{0.03747,0.06245,0.074 94}

d1 da ds dy
H{0.099 92,0.11241,0.174 86} i
z1 09935 08461 09984 05208 ) o
22 09990 06481 09952 09135 F A =X (4) A1 (5) K45 2 I B — 4 B AR
zs 09617 07527 09822  0.8450 RSR R W ML SSEAT U, i L AL A 673 A A S
zs 09807 09990 03710 07231 o
zs 08450 09615 09904 09903 A

MR e 5 0 R AR TR AN [R5 HR B 4, B
2 (2) 1 (3) ATy & BOAMER BT B P TR AR 1B AL w,
Blw* = (0.1273,0.458 6, 0.164 3,0.249 8).
33 HFRWHRFE

FRAR 2.3 75 AT SR T AL IR B TOPSIS #E
JF 715, W P 5 0] R R A B R AR dy A dy AN
R e BLAR bR, HAS R — MR, AR5 o 0 25 o XU 00
A, 3@ I B AT I oo 3R R D B TR RO H R N
TG, [T A LR BOM BN e R 2 A A R A
A @ bR AEA AN — A0S, TR A — A AR Lk
FHFE M, IR 3 firR.

#3 AU EIERRRIERE M

dq do ds dy

|

>

N,

1 {040507) (070707} {0450506} {0.8.0.8509}
zy (040506} (070809} (04505506} {0.6.0.60.7}
z3 (040404} (060609} {04505507} {0.6.0.7.0.8}
x4 {0.3,04,06) (040506} {090909} {0.150.2503)}
o5 {0.607,08) {03,0405} {040405}  {0.4,04507}

BREFEE W = (W, Wi, - W) ARIFA—
A AR R B ML 45 2 IBUA —f A R
[ F{0.05092,0.063 65,0.089 11}
H{0.05092,0.063 65,0.076 38}
M = | H{0.05092,0.05092,0.05092} —
H{0.03819,0.05092,0.076 38}
| H{0.07638,0.089 11,0.101 84}

o = {H{0.07638,0.089 11,0.101 84},

H{0.32102,0.366 88,0.412 74},
H{0.14787,0.14787,0.147 87},
H{0.19984,0.21233,0.22482} };

x~ = {H{0.03819,0.05092,0.050 92},

H{0.13758,0.18344,0.229 3},
H{0.06572,0.06572,0.082 15},
H{0.03747,0.06245,0.07494} }.

1 20 (6) F1 (7) 1+ 55 % o, 49 ) 3] 1F PR AR i A1 67
PEARMR R TR AR R L LA PR S 4, IR 4 FNER 5 By

R4 BEHRIEBEM.HESE

(h)*  (h2)t  (hs)t (ha)?

0.02205 0.05921 0.06381 0
0.025 46 0 0.06111 0.05444
0.03958 0.05921 0.05731 0.03883
0.03447  0.13758 0 0.154 16
0 0.18344  0.07707  0.08653

*5 BRHRIIBEM. MESSE

(h)*  (ha)T ()t (ha)?

0.02438 0.14258 0.01423 0.15416
0.01800 0.18344 0.01775 0.10044
0.00735 0.14258 0.02418 0.11672
0.01470  0.04586 0.07706 0

0.042 86 0 0 0.073 89

FH = (8) F1(9) WI 7547 i s AL A 1E /1T S4B 20 3
vi(dE(ilija (BJ)+)) =
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[—0.07841 —0.18701 —0.19975 0
—0.08899 0 —0.19229 —-0.1737
—0.13121 —0.18701 —0.18173 —0.12903| ,
—0.11619 —0.39275 0 —0.4341
0 —0.50589 —0.23584 —0.26116 |

v (dp(hij, (hy)7)) =

[0.038065 0.180129 0.023702 0.192932]
0.029154 0.224841 0.028 788 0.132 335
0.013253 0.180129 0.037802 0.151041] .
0.024 391 0.066 384 0.104 816 0
10.062 541 0 0 0.10101 |

Hria=8=0.88,0 =2.2520
FRAE 20 (10) TH AN T7 R oy B RE 452 2% LRARL, T
L6,

*6 Waminkib{E

(o Cy Cs Cy Cs

093477 091239 0.60769 020740 0.16308

P B8 CAB R /INAT 5 AT HE R, v A 56 1 X4
R EN I bR on b WA
34 LS

N T U AR STV A R, 5 A 3 R TR
) R 5 T 92 AT L. 3 3 A R 5 O 40 D T A
B 1) A28 8 e 5 35 100 26 00 XU i 47, 45 Sk [13]
FUSCHR 28] (7 VRN £ 38E T5 RIBAT IR HE T 2) 1Rk
SO R 2 R SR I RS e 47, 56 FH Sk [29]
()70 25 1 77 RIAT R A HE . K UL B3RO AT
B 25 5 A SCAF 20 1 45 R AT LU, i3k 7 B,

FRT PRIRKFHEMEERILER

AT SCHR[13] SCHR (28] SCHR[29]
z1 0.93477 0.702341 0.1658 1.000 00
Ts 091239 0.710796 0.146 8 0.792 62
x3 0.607 69 0.651 895 0.147 1 038715
N 0.207 40 0.302558 0.2109 0.000 00
x5 0.16308 0.282481 0.168 1 0.02528

EL A 3 A BL B AN R 7 9 R SR SR 5 R AT 245
JERHE ) EM NS i BB HHMENG = 1.0 =
0.1 I, {8 I SCHR (201 (9 75 ¥ TS A& 2 8 7 RN SR G
SR NN EL o 51, PN B 1 SR 2R e i 1) s Al Ay
R, SRS E N a = 8 = 0.88.
0 = 225153 2 H AT SR, 3= B R STk
(291 T L S AT — R AE RS R T 5 18 T 1k
SR ) LR Dt 4. 7 b VAT S A SR AN 2
AbAE T 55 4 S0 3 7Y R ) 3 b AN 5 5 5 HL I )
A A HER, BUA SO I HE R 45 R 228 4 K A8

TR e i 1) 38 AL A T 58 5 SR B3R 2 R s ) 3 b, 28
5 S8 ) 2 e o 1) 3 Al Dy e 5 75 5% SCHR (291 77
(I HE 7 45 R A2 55 5 5 B A L i 1) 3 Aok AL T 55 4
AT AL R ) 32 AL, 5 4 SR Y R o3 Al
NPT R, 5 ICHR [29] 71/ B s
58 J& LR AUEE A5 B EE, A SO J7 il i B2 2 WL
bR 2 S P AL, BBl b 1 R SRE O TR A B A
B A
2 AN R R S 1R 0L XS i 2 I A3 SR
[13] A1 SCHR [28] 73 73 38 3o T 55 4% 86 396 5 5 B0 R X
AT BN 4% 108 U5 58 55 TE BRAELAR (1 B B9 % 7 AT AR
ST AR BV TT 395 2 FK BT AL Ui i
k. MALHEESHIE N = 8 = 0.88. 0 =
2.25 I 75 2 ) B D0 7 58 88 1 5 6 24 e i o) 3 £
oMb, AT RIEASE FH SCHIR [13] M SCHR (28] D5 200 2% 6 1
T3 SREAT U025 HE PP 45 21 i e 05 58 B A ST
B ML 77 FRANIR]. 32 5 PRI AE T SRR [13] R0 SCHR (28]
3152 3 LA AR S o 451 SR AL 2 4 A (R )
IR Al - T AR S0 7 VR AE R HGS R 2B 8 T R
A THT W AT 2 MR 2 I LA AN [ DX 285 BE A BEAT
DRSAIE, SEAT A SEBROUSH
4 & R®
ASCHR T — FET 5 P 8 5 TOPSIS AH 4 & I
WA 2 J& 1k T ST V. 1% 07 V200 7 B R BE 3&
WY T JE AR S B U L S Sk 1 R SR Y L
J&, B A ROk RAR B E . B T AT S B R
(1] TOPSIS VA fif HR AL TR AR 22 Ja 1k 0 3R A0 e 1) e,
T3 75 B8 T NATAE THI Wit Wig 2 A1 458 2% I XU i 47 O
72 5k, (A USRS RN & AT S 5 B, A
TR 1 4% 4 TOPSIS H.4% HI W FQ R 28 11 O ROZ A 451
A G5 SRAS B BRI ] L, AT A5 21 550 A B Rk SR
RAZTTFRALMBGER R P A 2t 9 e, th LR
BLA] T B GE AKORE A B | BN R e S S B B i)
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