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Multi-attribute decision method based on probabilistic hesitant fuzzy
entropy
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Abstract: A multi-attribute decision-making method based on probabilistic hesitant fuzzy entropy is proposed for the
multiple membership degree of probabilistic hesitant fuzzy elements and the characteristics that their probability is
different. Firstly, three new probabilistic fuzzy entropies are proposed: The fuzzy entropy, the hesitant entropy and the
total entropy which are used to measure the fuzziness, the hesitation and the global uncertainty of the probability hesitant
fuzzy elements respectively. Then, the axiomatic definition and expressions of the three entropies are given. Finally, the
multi-attribute decision-making model that can solve completely unknown attribute weights is constructed by the three
entropy of the probability hesitant fuzzy elements, and the effectiveness and rationality of the model are verified by a case
and contrast analysis.
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3 %?Miifti‘%ﬁﬁﬂ)ﬁ 2% R SR RY
R FH L R M R TSR T AR IR L R T A
SRR 23 BRAK E SORN 24 2, 3 5738 T 3 P 2l
TR 1) 2 8 M R S,
RT3 MRS IR 2 8 MR TR R, R R
BX = {n]i = 1,2, ,m},JBEEA = {q;]j = 1,
2, n} BN EL w = (w1, wy, -, w,) T, Hh

J7 RGN JE VAR T 0, T A AR 5 4 AR, T
FOPIRUTF.

Step 1: R SRAT I VR4 45 R A Q2), 1 5H A —
MERN BB E PR EE N SR T 2R
TR T R b R A AE W A 2SR RV 2 AR Rl A,
R 5 1) Ja PEAE B ORBR AT, 110 )5 5 1 s PR /) R 4
PN & VB TR AT B i B, DR 75 4 IR DL
DU AT AL 3

1) % 26 2 g v, 8 AR R FF AL

2) X T A Y J Mk, 75 BN H A R 25 B

Ve iy (p) = B(p) = {1 = VPPN = 1,2, 1}
SREHSFIRIIEEM = (hiy (p)) s

Step2: B 4 MR #E X (8) A (17) it 5 HE Z 4
BRI TC by (p) BB E Epy(hiy(p)) R B
EHp( 5(p))s R JE MR 2K (25) W 52 LR L IR ROR T

hij(p) WSV By (hij(p)); o v B R 1 a; BB E,
HHRAXN

1 m
EZ (29)
Step 3: FHAS 205 B AR W 01, 405 {1 /0N, AH SL () 7T

A Fi8 o e B S 2, IS AR ORI TR U 4R AR AN B
2R, JE T o BCE TR A T

w; = 1_nEp(aj) ‘ (30)

n- ZEP(GJ)

Step4: MR BMENE L w = (w1, wa, -+ ,wy}

AR Rai(i = 1,2, ,m) 5IEEA
MRM BB E 2T = {1Li(p)|i = 1,2, -, m}
R BE 2 = (0i(p))i = 1,2,--- ,m} W

IR IE B2 48R 5 D% AU S AR B B D BOAR %
AR BIR

D =" wdy (hi; (p), 1;(p)), 31)
j=1

Dy, = ijdp(hij (p),0;(p)). (32)
j=1

Hr:1(p) = {1IpMA = 1,2, ,1; 1 R0, (p) = {0
PMA = 1,2, L YGRS A -
WA I hi; (p) oG 2 A0 €, T B A2 p* (A
=1,2,- ,1;;) SRR BEM TT by (p) TR JEFEER)
e

Step 5: 4G Liao 5512V Hi& H 1) —F 2% 8 e 56
UF B35 7 FE 28 30ORN TOPSIS J7 7%, AR SCHE H DL R il &
BEHHAR:
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(1-0)D,;
(1-0)D,, + 0D/
H 23600 € [0,1)) 03 7 UK 1 KU I 1F 5
A0 < 0.5, AR LT g T X g R 5 0 >
0.5, WACR YLk 2 J& T W32 L. — Mo = CLy,
RARTER o, BRGF.

4 HHI5HT
RNTHETSCAH T EAT B, R OCE T

Xu ZEVRTL S5 R ) S 451,

Cl,; = (33)

41 B 4l

201546 H, 4 B EEH v,(i = 1,2, ,4)$EH
THEANFRIE MEATAAGIN AT RK6G =
1,2, -+, 4) NS 4 o7 i ide 5 BEAT 18 A2 NS A,
HA A& K AACEHAE ). BUdE T RE T aq
REETT ax FIFEEGE ST a3 = A B XS 4 653 # 34T
AL, HX 34N @ P2 s 1A 2 2, PR A5 45 2R HI A
MBI E A ER. R~ K3 MERIAL
B GONIR 3 M Itk TR At 45 R

x1 BMfaBOFNER

al 1 To T3 T4
d1 {0.8]1} {0.4]1} {0.3]0.4,0.5|0.4,0.6/0.2} {0.15/0.4,0.37|0.6}
da {0.55]|0.6,0.76/0.4} {0.95|1} {0.68|1} {0.6]1}
ds {0.65|1} {0.69|1} {0.5]1} {0.4]1}
dy {0.8]1} {0.58|1} {0.6]1} {0.73|1}
=2 BMamITNER
as 1 T2 T3 T4
di {0.75|1} {0.6]0.3,0.7/0.4,0.8/|0.3} {0.85|1} {0.48|1}
do {0.65|1} {0.35|1} {0.55]0.5,0.66|0.5} {0.48]0.6,0.62|0.4}
ds {0.3]1} {0.7]1} {0.45/1} {0.55]1}
dy {0.2]0.2,0.3|0.3,0.4|0.5} {0.65|1} {0.56|1} {0.66|1}
x®3 BMaoBFNER
as x1 T2 xrs3 T4
di {0.8]0.6,0.94|0.4} {0.65|1} {0.45|1} {0.38|1}
do {0.55|1} {0.45|0.5,0.65|0.5} {0.55|1} {0.75|1}
ds {0.55|1} {0.45|1} {0.68|1} {0.5]0.5,0.7]0.5}
dy {0.75|1} {0.7]1} {0.75|1} {0.85|1}

AR 2K (2) 70 T LRI £ rh i —
J& S B R AR R 3R X O R 2 B, TR R T
BRI BBR PHHEE M = (hij(p))axs W0 F:

M =

ai
1 {0.55]0.15, 0.65/0.25,0.76]|0.1,0.8]|0.5}
T2 {0.4]0.25, 0.58|0.25, 0.69]0.25,0.95|0.25}
T3 {0.3]0.1,0.5]0.35,0.6]0.3,0.68|0.25}

x4 | {0.15|0.1,0.37]0.15,0.4]0.25, 0.6|0.25, 0.73|0.25}

a2
{0.2]0.05, 0.3]0.325,0.4/0.125, 0.65|0.25, 0.75]|0.25}
{0.35]0.25,0.6]0.075,0.65|0.25, 0.7|0.35, 0.8]0.075}
{0.45|0.25,0.55]0.125, 0.56/0.25, 0.66/0.125, 0.85|0.25}
{0.48]0.4, 0.55|0.25, 0.62|0.1, 0.66]0.25}

as
{0.55/0.5,0.75]0.25, 0.8]0.15, 0.94]0.1}
{0.25]0.25,0.45|0.375, 0.65|0.375}
{0.45/0.25,0.55[0.25, 0.68]0.25, 0.75]0.25}
{0.38]0.25,0.5|0.125, 0.7]0.125, 0.75|0.25, 0.85(0.25}

T HER B S i AT LA £
Pk £ A SCE Jeie i @ ppr (Eppt, Erpe, Erps, Erpa)
VE R — AR IR To R 5 1 1 5 A 2, e
Blg=05t=1Ma; =025 = 1,2,3,4); R 51k
WDy (Erpt, Enpe, Erps, Erpa) 1F 88— D2
B TR BIE T AR Ry = 1/18, =
0.25(i = 1,2,3,4); G IE MW Prp1 (Brp1, Erp2, Eryps)
VEREE— ARG T 2 g i T B A 2, i
@i =1/3(i =1,2,3), THEL R WML AR,

4h4 7 (29) F1 (30) THEAS B 1) B PER E S N

w = (0.3906,0.2592,0.350 2).

A0 = 0.5, I (1) B1) ~ (33) T 5 4 (d
= 1,2, ,4) FOIBUE B AR R 85 DY, A £ FEAR B
B D, A CLy;, 85 RN 5 Hi.

MRE 2 5 R R RE, T AR B0E B M HE T

X1 > X3 = To > T4.

AN R 0y T lf, AT AR e A2 N,
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868 = # 5
F 4 RRIERE M WKEERER
al az as
x; 0.8181 0.8759 0.8384
_ x 0.784 4 0.8987 0.9225
Erup
x3 0.9536 0.8858 0.9226
x4 0.896 4 0.9736 0.8260
z; 02195 0.4804 03191
~ x 0.4829 0.3403 0.3730
Erp,
z3 0.2573 0.3548 0.2868
x4 0.4394 0.1805 0.4429
z; 0.8920 0.9371 0.9095
_ x 0.8910 0.944.0 0.9580
Er,
x3 0.9730 0.9374 0.9558
N 0.946 1 0.984.0 0.9097
x5 HEE
- +
D, D}, Cl,p;
z 0.650 1 0.3499 0.650 1
T 0.5777 0.4223 0.5777
x3 0.5892 0.4108 0.5892
x4 0.566 6 0.4334 0.5666

42 HRMESH

£ (33) 1, U & 2 5506 1R HUEL W] RE 2 R

B 2 HHE 5 3, DR I 3 5 6o 0 BUA [) Fr A 3k A T
JEAE 3 BT K IRV e 4 22 500 A X TT [0, 1] 78l P BASE
KoM 0.1 HUE, 3B i 358 N VPAN &5 SR HE P A . 15
R B,

1.0

X
0.8 -
— X,
= 0.6f —— X
i
041
0.2F
0 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
0

El1 HEEROENTLLZ

H P 1R 45 SR RT AL, Bt RS i 4 2 06 R e AR,
P RIR S R xy = x5 = @0 = 24, 5 AR
S50 0% — B, dr T I, HE R 45 SRS XURS: fi 4 2 £
0 FIAZ B AMBUR. 24 0 K, T B, HL 0B T
0.6 I, 3 1 S5 14 DX 23 5 UMK BB 500240 = 0.6
I, T T AL 9 X 0 1 L B

VR A, A SR RR 5 B2 i 49 21 1) i Ak A
EIRBON M, (B T B PR SEE E RTIE R A IE A N
FERA HIX A RS A, JE B E 2 K

U, N TR TR R A R e B KA, N IR ik
YA [ P J05 00 52 5 285 6 AR SORE R gk AT TR SR 40 A, X 453
FI IR PR SR 45 FEBEAT XF L 44T

TR & Pppo(Erpr, Erpo, Erps, Erps) 1E
JAE— AW ZR ISR ST AR AR ) T AR A 2 e
g =05¢t=1fa; =025 = 1,2,---,4); %4
JG &M Prpo(Erpr, Erpes Enps, Enpa) {E A — A
MEZ BRI e B E A Ky = 1
B = 025G = 1,2, ,4); G IR Prpo(Erp,
Erp2, Erps) VE R — M2 AR oo a1 T H
AR HAF R g, = 1/3( = 1,2,3), HFEEHITH
Step2 ~ Step5 AT P HE /34T

B2 &M Ppps(Erpr, Erpos Epps, Epps) 1
N A — AR R RS o AR 06 1) o AR 2
Bqg =05¢t=1fa; = 025 = 1,2,---,4); %4
Ja W Prips(Erpr, Erpz, Erips, Erpa) 1F & — 4
REZ R B R e R B H A Ry = 1
B = 025G = 1,2, ,4); TG IR Prps(Erp,
Erp2, Erps) VE R — MM B o e i i TH
AR HFE g, = 1/3( = 1,2,3), LA HE3ITMN
Step 2 ~ Step 5 AT YLK 7T

L1 R A E A 2w = (0.6298,0.0803,
0.2809)T, 1% 2 (¥ J& ME AL E 4L & w® = (0.4034,
0.2435,0.353 1),

PR LT S 45 R o 1 2 F 1] 3 BT

1.0
X,
| N —Xx
0.8 \ —X§
% 0.6 \\ —— X,
i \\"..
£ 04r N
0 . . . . y
0 02 04 06 08 1.0
6
B2 BRI THEEMENT i
1.0
X
0.8t — %
_x3
= 0.6f -
i
041
0.2}
O 1 1 1 1
0 02 04 06 08 1.0
6
B3 BR2THEEMENT i

MBI 2 R 30T LUA Y, B 2 500 B Kk AR 22
A6, 15 B0 1AM B0 2 R 45 R AR 28 80 R AR B,
BRI B0 A HE R 45 300 2500 AR sh# A UK.
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HREO T &R v = 20 = 23 = T4,
ME L2 IR 45 BRARL R ) = 25 = 20 = 24, -
E o Al g 22 [0] B HE P A7 AE 25 5. B R DR G 7 o
LT JEEL T AS [ g B A =X, 45 201 & PR E B
ANAH [E], 8145 TR S 45 A7 AE 22 e, DRI L3 3 A 4
B A 1 R F AN [ 4 005 0 52 2 2T, ) AR SR AL 45 2]
[ SR 45 B n] R 2 R A AR AL,
43 LB

N T Ut B A SO R IR A R4, 38 FH SCHR (171 F03C
Wk [19] A 5 0 VA 285 SR 30 AT UL A B SCHR (171 A0
SCHER (191 R ME A ARy w* = (0.2,0.5,0.3) ™.

1) SCHR (17192 1 17 3 P28 g o 55 38 XU s F
1) M 22 000 TR M 4R 45 B 1 ARSR TSR 3 AR 35 B2
Ja& T U 42 52 VM 22 00 TR S0 B KA 7 IR T 35
(HPFO*WA) 5.1, AR KB 45 B 8 T KU
R N A TR S5 /N A 7 A F- 341 (HPFO'WA) 5
T ARV KBS L & T AR 7 B2 T A
W14 7 BT 15 (HPFOWA) 57 B _E 3 R 11
THE R G AT R kAT s, HeE Rk 6
F7R.

®6 AMFIERLERIL

T3 HiFp 2 R
HPFO*WA X1 > To > XT3 > T4
HPFO'WA To = X1 > X3 - T4
HPFOWA T1 > XT3 > T2 > T4
ACAERY X1 > XT3 = T2 > T4

H1 2% 6 1 485 SR ] Sl AR A SO AR B 45 R S
SCHR [17] 70 (0 5 J A7 538 5y 2 57, ABLLE AR S 2 o
VR AR B i S 3 49 5 3 ) A 00 R X R
UF RHBGHAT PSR T, 5 SCHR (1714035 FE SR 1 3
Toft PRI i A b B AT K I R 3 . e 4, R FH STk
[17] B 75 ¥R AT TE S, 20 IR 5 % HLRERT i 22, i A
SO TR R 1 o EL 5 T ER

2) SCHR [19] 25T 20 P800 46 1 7T g 1 2 X
P T R T MR B O QUALIFLEX v Al
ZO ¥ AW PROMETHEE 1135 6 BL_F 9 Fh 05 v 1
TR R GRS R 45 Rk AT b, e Rk 7
Fi7R.

R"T IMFHERLERILR

Tk ey 4 R
QUALIFLEX T3 > Tg > T1 > T2
PROMETHEE 11 T3 > X1 > T - T2
4\14‘§@ Tl >~ T3 >~ T2 = T4

2 7 ) 4% 55 W 260 SRR [19] o F 75 b 77 124 )
FY B i NS e, TG S S 70453 30 e ek e A
xy, " HAR, IR K E TS0k [19] %6 % &
Ve O BRI, T A ORI 7840 18 T WS 1
o B B, TN A P S A SEBR 2 G, A L e s 7
PR A PRI D 1 4 R A, AR SORE AR SR HUR A B
157 0 B SR AR, S0k [17] SCRR (19140
P b T u s 3 1 R B
5 & @

RSO MR 95 5 T R 20 T RN 4 11 3R
BE R, 48 T MR 2R TR TG 1 R B 7 VA R
Ve BEIRPERIBLSATE, 35 T A 0% U B A SR A TR R
TR L 4 R I R TR, IR 4 B R TR
W FRR R T A5 05 4 T U 55 A SR 0 TR0 7E A
5 P £ . AT R A o e 1 AR AR 7R
HE0A 22 J8 P e 58 i L, A S P 3 3 b AR 2 A1 T4 MR
WS T YRS BTSSR T iR B
Rk, 76 J5 B O 98 ol e TR E R R BRI 4R 122 X
105, 5 4, 7 BT 2 HE o AR SO TR 3 JE A 2 o AR 7
ORI ER B A3 A5 B e 3.
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