e N Kl
H31% 4 wo# 5 kR 2016 4 4 1
Vol. 31 No. 4 Control and Decision Apr. 2016

XEHRS: 1001-0920 (2016) 04-0640-07 DOI: 10.13195/j.kzyjc.2015.0040

MIFRMES WA REEHF A

B al, R EE, KON
(g HUMYE R 2 THEABE SE AR S, m A 210023)

T8 BERORBAE 5 A 0BT VA, R4 O IRBRE & SR HE T 0T B FE A B ERA [, 4A H 3 AR
HE R AL 5 1 RET RLI S MEMRIBEMIE S AR A 2 28 2 85T WNS 1) 5 MEMI K
FEBITE & T REFEHE T A 20 25 3 2R T HE SR T {3 BE 00 IR 1E & ml AR T L A xR, J8 I se % 3 280 sk 47 5% b
YW, 4h HOTIRIEFR IR, B8 3 285V AT LAIX Sl ZE T /S AR TR ASRINE: 5 4, 56 1 2805 RTE T KBRS Ah 1 R .
KBER: MBEBWES: WTREE: {7

FESES: C934 XHEFRERE: A

Possibility degree methods for ranking hesitant fuzzy linguistic sets
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Abstract: Possibility degree methods for ranking hesitant fuzzy linguistic sets(HFLTSs) are studied. Three kinds of
possibility degree formulas are proposed based on presenting possibility degree axiom. The five mutual equivalent formulas
of the first kind are based on the idea of the interval comparison method. Another five mutual equivalent formulas are
proposed based on the first kind of formulas, and the third kind of possibility degree formulas with respect to HFLTSs is
proposed by probability criterion of uniform distribution. Finally, an example is given to explain the rationality and feasibility

of the new formulas. The results show that the third kind of formula can deal with ranking problems resulting from slight

difference of HFLTS, and the first kind of formula is simple to calculate and suitable for large-scale computation.
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WBERITE S HE 7 RN BIERIE S 2R 1ok
Bz LN —, HETE R BERITE S HF 7%
W — R4 H PR BS540 Kbk
A, W SCHR [16-17] 73 53044 AN [ B 00 8B 3 5 10
BEANTT Z R AL, 45 ISP EERIE 5 B 2 HE
T3, AR IRBERIE 5 1R/ K R A BEIR
B Jse AR B U ) ANB E 1 1 — R — IR
BOE 50T 59— DN IRTRBOIE 5 IR, InsCik (1,
O FI FH A R AR V8 = 104 LU P AN I AR E 5,
{EAERFIR NG B T L85 ARG B, SCHR [11] 20 AR 1S
OUR T PRI TS 5 AT e A 5, (HiT S HLER

7. ARSCHE UL BEA EUR NBI U3 T B AL TR
HHFP T,
1 FabsnR

EX1 ®S={si=0,1,---,27} R &N
B EAREHRMNES, 27 + LB S RIEEMREE, &
T /2 LA RPAE:

DHIZH: s; = neg(s;) & I(s;) + I(s;) = 27;

AT si <55 e 1(s;) < 1(s);

3) f KAH: max(s;, sj) = 84, 29.8; > 853

4) fe/MHA: min(s;, s5) = s, 48 < 85
MIFR s Mg E AREEN, Hod I(s;) = i, RIEBADEIR
NIZEE AR NRLE.

i, KLy 7 H)iE 5 AREERT E SN

S —
{sp : nothing, s : very low, ss : low, s3 : medium,
s4 : high, s5 : very high, sg : perfect}.

N T TGS S R Bs SRR T E B AR AR )
Xul #8858 R AE 48 S $h R B 2E 1 1E 5 RiB &
S = {si|I(si) =i€][0,]}, | > 2r.

EX2 &S = {sili=0,1,--- 21} N —1EF
ARAEEE, siv 552 S EAEE M NE S AE, Z0K
W pE SN

{ 1, 55 > 555
p(si,s5) =
0, s; < s5.

EX3 WS ={sili=0,1,--- 27} N—iBFAR
AR, 5 Hg & S A IR P8l 5 RIEHES,
WFR He 9 S _ERI—DIRTEERIE 5 RIEHEN.

EN4 ®S={s]i=0,1,2,--- 27} N—iEF
RIBLE, Hgs HE HZ2 /& S E3 N BEMIE S ARE
&, g (I

1) 5 HY(\HE = {si|s; € H: and s; € HE};

2) 4k HL\JH2 = {si|s; € HL or s; € H2};

3)#ME: Hg =S —Hg={s; € Sand s; ¢ Hg};

4) L3 HE = max{s;|s; € Hs};

5) Nt Hg = min{s;|s; € Hg};

6) 4% env(Hs) = [H;, HT;

T AHs = {sxi|s; € Hs}.

EXS5 WS ={si=0,1,---,2r} N—iEFAR
BEE, He 72 S E—MIEBERIE S KRGS, & X Hs
15 REON s(Hs) = = 3 i b T =

HE By + R AR s B E,
2 FHREAM
WS = {so,81, ,s2- } A—IEFANIBE, HL M
H2 S F 1P MR BBV 5 A 5 4, Rodriguez
SRR X 1) 6 ) B BRI O R E & KRB
%A
pr(Hs > Hg) =
max(0, [(Hg")—1(HZ))—max(0, I (Hg")—I(Hg"))
(I(Hg") = I(Hg )+ (I(H3") = I(Hg"))
Lee SEOI 45 Y T ARTEBOMITE & R1EE N T REfE
b7, B
pr(Hs > H) =

max {17
I(HZ") — I(Hg) 0) 0}_

I(Hg") - I(H3 )+ I(Hg") -~ I(Hg™)" /’

HY b, WHL = {s3,54,85}, H2 = {55,586}, W
pr(Hg > HE) = pr(HY > HE) = 0, Bl HZ ZE% L
T HE, B85 REWRZMETE R, RHEE
B H XA A L B A8 A K& L s b, w) BUIE
pr(HS > HE) = pr(HE > HZ), T H., ZPIDI B
R 5 R R — DR, A5 B
0, BAREAEHLN. Ak, SCER [T 32 H T ANk
BEA T, H2 A R 2%, ARG R HAE#E—
AR, T THIE SE SR X T E B A AT R A RS
HOIE BB S 5 AL 1 AT BE R A B

AWIEEN) 0<p(HL > HE) <L

AE2EUM) MR HE > HZY, Wp(HE >
HZ) =1 R H < HE, W p(HE > HZ) = 0.

NI (EAME) p(HE>HE)+p(HE > Hy)=1.

NIE4(H M) W HL = HZ, W p(H, > H2)
=p(H2 > HL) = 0.5.

RIS (fiEE) Wk p(Hy > HZ) > 0.5, p(HE
> H2) > 05, Wp(HS > HE) > 0.5.

max (

N6 (M) WiRpHE>HZ) =1, M p(HY
> H3) > p(HZ > HY).
/HE_'S(6 iﬁS = {80,81,'“ 7827—}%#/[\ig‘§7k

VAR, HL A HZ 2 S E P BB R A,



642 = | 5 * * % 31 %
MR p(HL > HE) = 1, WFRI B0 B HL 4011 D HL < HY < HLYY < HEY
T HZ e NHL =, H2; W05 < p(HL > H2) < 1, 3)H < HY < H{T < HE
M AR B B HS T HE, e HEY -~ HE HHL < HY < HZY < HLY
Rp(HL > HE) = 0.5, WA B £ HL F 40 T SYHY < HY” < HY* < HLY
H2, LN HY ~ HE W30 < p(HY > H2) < 0.5, 6) B2 < HL.
RUBR AR I MM B L %5 T H2, i HY < H2: B0k W 1), A
p(Hé > Hgv) = 0, PRI AR 5L Hé ?ﬁﬁ%\?ﬂg’ I(H;L) _ I(Hgf) +1<0,
A HE < HE. L ) ot 1
3 AR AR A
3.1 ETFRLEFREAR Eﬁ(l)qﬂ’iﬁ ,
SRR L1, 1817 X [ 5 E e 8 44 th 600 I(Hs™) = I(Hg") ~ 1 <0,
WHE S A BRI A RBAE R ey, [ ATH o
(T IR AP G, T4 H 2 B AR A4 5, max(0, *’;ﬁl . ‘#ifs )+ _
L JEXT BE =, s N TEEA max(0,1(HY )~ (2 +1) _
VESE, HLFIHZ RS BTSRRI = RiE L, SHL + #H? =90
ESNHY > HZHWRefE pi(HLY > H2)(i = 1,2, Bl py(HL > H2) = 0.
5) N X, H
pi(H§ > HE) = IHGH) —I(HT)+1 N
max(0, [(HL) — I(HZ") + 1) max #Hg + #H )=
#HéJr#Hg - y\ﬁﬁﬁ
max(0, I(HLY™) — I(HZT) — 1) 0 pa(HE > HE) =
FHL + #H3 '

pe(H§ > HE) =
. I(HEY) — I(HZ) +1
,1}.
min {max ( GHL + #H2 ,O)
ps(Hg > Hg) =
max (0, #HE+#H2 —max(0, [(HZN)—I(HS )+1))
#HL+#HZ '

2)

3)
pa(H§ > HE) =
1, I(HZ") < I(Hg);
I(Hg") — I(H ) +1
#HL+#HZ
I(HZ) < I(HSY), 1(HS)
0, I(HZ) > I(HY).
ps(HS > HZ) =

4
<I(HE);

I(H2H) —I(H) ) +1
Ao ©
FE1 MBEES LA (D) ~G)MHE
A
WEB WS = {s0,51, -, 80, } N—NBEFARIE
£, HE I HZ 2 S E A A 15 5 KRG 4R,
HEF HZ (ALE R R AT 73 0 6 Fh2e AL
DH < HZ

max{l —max(

4

. T(HMY —
mln{max( ( ;L,é+#H2

FEXG) H, A
max(0, [(HZ") — I(Hy ) + 1) =
I(HZY) = I(Hg") + 1,
#Hg +#HG — (I(H5) —
NIES]
ps(H§ > HE) =
max(0, #H g +#H% —max(0, [(Hz"
#Hy+#HG
FER (@) . pa(Hg > HF) = 0.

R G)H,H
I(HZ") —
#HE + #H

, )1}—0.

I(H§)+1) <0,

)—I(Hg )+1))

I(Hy )+ 1 -

/]‘7

L NUIEE]

ps(HS > H2) =

I(HZY) —I(HS ) +1
,0),0}:0.
#Hl +#H2

&l
1
S
1
S

max {1 — max (
ZE b, AL,
pi(Hg > H3) = pa(H.
pa(Hs > HE) = ps(H
HI 2 (1) ~ (5) 5540
TR 2), H
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#HE +#HE > I(HZY) - I(HS )+ 12

I(H") - I(HZ ) +1>0,
I(H§ ) —I(HY) —1<0,
AT EH
p1(HS > H?) =
I(HL) — 1(H? 1
T — b > 1)),
I(H) —I(HZ)+1
(Hs HS)—I’DIH{ #HéqL#Hg 71}_
I(HI) — I(H2) + 1
T — b > 1)
ps(HS > HE) =
max(0, #HL + #H% — (I(HZY) — I(Hg ) +1))
#HL + #HZ -
#HL +#HE — (I(HZ") —I(Hg ) +1) _
#HL + #H2
I(H)) —I(H:2 ) +1
( ;él){é (#?{2)+ :p4(H§1~ >H§'),
ps(Hg > Hg) =
IHI) —IHE)+1
max{l— GHL + #H2 ,0}_
I(HY)) —I(HY) +1
T >
gL, X TRA2), B
pi(Hs > H%) = pa(Hy > HE) = p3(Hg > H) =
P4(Hs = Hs) Po(Hs H 5)
BIEC (1) ~ (5) &5t

XA 3), H

#Hg +#HG > I(Hg") — I(Hg ) +1>0,
#Hg +#HE > I(Hg") — I(H5 ) +1>0,
YEs]
pi(Hs > HE) =pa(Hg > HE) =
p3(Hg > HE) = pa(Hy > H) =
RIS 287 3), 20 (1) ~ (5) FHEZE A7

Xt F 2K 4) ~6), FEANEH R (1) ~ (5) X FAT
BRI BAEHIE 5 r] R i RS, O

A Ty IR SE LT 1 5 AN AN AT REFE A S R A
L~ AP 4, R THE R A 2 A S A AT 6.

MR (RENE) W pi(Hy > HE) > 0.5, pi(HE

H3) > 0.5, W p;(H: > H3) > 05, i =1,2,3,4,5.

W HWAp(HY > HE)(i=1,2,---,5) &%

Wi, BT A R TR BRI py (HY > H2) W A, R

P (4), pa(HS

1(HY) > 1(HE) 8

> HZ%) > 0.5, 4HY

I(HEY) - I(HE ) +1
#HS + #H?

I(Hg") HI(Hg™) < I(HEY);

> 0.5,

(I(HE) <
4 Y
I(Hy™) > I(HZ) RI(HG ) + I(Hg™) >
I(HZY) +
I(Hy) < I(Hg") HI(Hg™) < I(HZY);
4 AT

IH) +I(HS) > I(HZT) + I(HE).

¥ p(H: > HZ) > 05, Hp(HZ > HE) > 0.5,
JUES)
I(Hg") + I(Hg™) > I(HZ") + I(HE ),
I(HIY) +I(HE) > I(HEY) + I(HE),
Hl
I(Hg") + I(Hg™) > I(Hg") + I(Hg).
Uk py(HE > HE) > 0.5. 0
MER2 () R pi(HY>HE) =1, W p;(H}
> H3) >pi(H2 > H?), i=1,2,3,4,5.
W B Fpi(HS > HY)(i=1,2,---,5) &%

Wi, S EAE py(HL > H2) i 2. X T1F
B HL HE RS, FIX (a6 8GR A 7 N R 3
Fip 2y

DH > HY W HS > HZE, W py(H2
H}) =0<ps(H§ > HY).

) H < Hy . R HIT < Hy, W py(HE
H3) = 1> py(HE > HY).

HHY < HIFHHY > HY . W py(HS
H2) =1, WH" < Hy . HHY < Hi" B HY
oY B HE < HEOM#E @) 1525
p4(Hs Hs) =

I(HE) — I(HZ ) +1
I(Hg™)+1) + (I(Hg") — I(Hg™) +1)
1)+ (I(Hg") — I(HZ") - 1)
I(Hg™)+1)+ (I(Hg") — I(Hg") +1)

(I(HZ") —I(HS ) +1
(I(Hg") = I(Hg™ )+ 1) + (I(HZ") — I(H) + 1)
(I(Hg ) — I(HZ") = 1)+ (I(Hg") — I(HE ) +1)

(I(HS") = I(HS™) +1)

I(HY )+ 1
I(HY )+ 1

I(HZ") -

—I(H3 )+ 1)+ (I(HZ)

WV WV

VAN

(I(Hg") -
(I(Hg") —I(Hg ) +
(I(Hg") -

=

I(Hg") —
I(Hg") -

pa(Hg > H3) =

I(HY)+1 _
—I(HS)+1)

(I(HS")
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I(HZ) — I(HY) +1 pus(HL > H2) =
(IS =105 ) + 1)’ HEZY) — I 41
B pa(HL > HE) > pa(H2 > ). O e {1 - (FE T
32 ETWNSHAgEAR 0.5#(H§ N H3) ) } (an
SCHR (1103 T HY > H2 R RERE A R CH#HLUHE)
pu(HL > H2) = KL F 1, v PUEH A R (7) ~ (1) # H 25
0, Hi* < H2~ .
0,5(15(HH) i 17(H2—) o 33 ETERTMEENTREAR
TG T 1 fEHY = {silsi € HY) MIHE = {s)]s; € H3} .
e s 55 BBUEEL 5 BT 534, FLICHL (R AR T8
i =S 2j S S1+’ . SEH, BRI RT DR AR RIS S B HL A H2 () 0T R
[(Hg") = I(Hs ) +05(I(Hs™) = I(Hs )+ 1) e oz g s gy, g IR TR B 25 20 EEL O 2 9B
I(HZY) —I(HZ )+ 1 ’ s

HZ < Hy < H{T < HZH
0.5((Hg")~I(Hg™)+1)+(I(Hg")—I(Hg"))
I(HI)—I(HE ) +1 ’
HY < H2 < HZF < HLY;
0.5((HZ")~I(Hg™)+1)+(I(Hg")—I(Hg"))
I(HEN-I(HZ ) +1
(I(Hg )—I(HE))
I(HEN-I(HZ)+1
1, H3" < Hy .

+

, HZ <HS <HZIT<H

(6)
ATUEH, KO BONER, THAHS NS 2%
max(0, I(Hg") - I(H3 ) +1)
#HL + #H?
max(0, I(H™) — I(HZT) — 1)
#HL + #HZ '
, I(HEY) —I(HE) +1
mln{max( #(HéUHg)
0.54(Hg (N HE)
saigm )
pr(Hé‘ 2 Hg') -

max (0, #(HL | H2)—max(0, [(HY)—I(H )+
#(HSUHZ)

(7

(®)

D)

©)
puws(Hg > HZ) =
0, Hit < Hy
I(HY) - I(HZ ) +1— 0.5#(HL N H2)
#(Hg U H3)
HI < HgY, Hy < HZT,

(10)

2+ 1—
1, H¥ < HL".

WLHUE s; F1 s, K s; KT s; BIHEE, B p(s; > s5), 13
G0N PTG S T e A
pr(Hg > H3) =
0.54(Hg (N HE) +

>

Sq‘,GHé,SjEH%
#HG#H
NTUEH pr(HY > HE) S0 T 3CHR (11 25 i
WREAR pr(HS > HE):
pF(HS > Hs)
0, Hi" < HZ;
0.5(1(Hg") — I(HZ ) +1)°
#H#H ’
Hg < Hy < Hgt < HZ
I(Hg ) —I(HZ) + 0.5#H}
#HZ ’
HY < Hy < HYY < HZY
0.5((Hg") — I(HZ™) +1) + (I(Hg") — I(Hg"))
#H ’
Hy < Hy < HZt < HYY
0.5(1(HZ") —I(Hg )+ 1)  I(Hg")— I(HEY)
#HG#H #Hg
(I(Hg™) — I(HE))(I(H5") —I(Hg") + 1)
#Hg#H ’
HE < HY < HE < HY

p(siv Sj)

(12)

_|_

1, H" < Hg .
(13)
WS H—MEEREE HSMHZZS ERH
NG E S ARELE, HL M HZ (06 B KR 5
RANR 6 FhZ A
HH{T < HE
2)H{ < Hy < Hg" <HZ;
3)Hi < Hy < HYT < HZ
HHE < HZ < HIT < HS
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SYH:a < Hy < HZt < HST

6)HZ" < HS .

TR, HYNHE = @, 8 < s, 5 TVs; €
HY, s; € HZ), il pr(HE > H2) = 0.

TR, A

> plsisy) =
s;€HL,s;€HZ
0.5(#(Hg (N H3))* = 0.5%(Hg N H3),

Fﬁu 1 21)\2
pr(H} > H3) = 0‘5(#;%5#“;;5)) _
0.5(I(HLY) — I(HE ) +1)?

H#HH#HE

XT3, H

> i) =
si€HY,s;€HZ

(Hg™ — Hg )#Hg +0.5(##(Hg)* — #Hy),
Jr A

pr(HS > HE) =

(Hg — Hg )#HE +0.5#(HY)” _
#HLH#HE B

I(Hy ) — I(HZ™) + 0.5#4H}
#H3

X TR 4) ~ 6), FELRT AR pr(HE > H2) =
pr(HE > HE).

ASCHEH R AR EARSCER [11]32 H  A
JIEAE, 53508 0] DRI AT firdid th R I 5
HonT R FEHE P o 353 2 PL IR BOMINE S HE P T R
FE A H.

4 S5 b

i1 #S = {so,s1, .86}, HE = {s2, 83,54},
H2 = {s3,54,85}, Hz = {52, 83,54, 85,86}, Ha = {54,
s b, R AT ER H 70T LIS i F 45 18

1+ 2—
pi(H§ > H) = I(H;é ;{;f;f;; a %

1
Ipi(HY > HE) — pi(H3 > HY)| = <.

=pr(Hs > HE).

=pp(H§ > HE).

pwi(Hé 2 Hg') -
I(HYY) = I(HE )+ 1 - 05#(HYNHE) 1

#(H5 U H3) 4’
lpwi(Hg > HE) — puwi(HE > Hg)| = %,
pr(Hg > HE) =
0.5#(HSNHZ) + Y plsisy)

SiEHé,S]‘GHg 2
1 2 ’
FHLIHH? 9

pr(Hs > H3) —pr(Hg > Hg)| =

I(H¥) -~ I(HS)+1 3
pz(Hg 2 Hé) = S#Hd ¥ #24 = 7
S S

1
Ipa(HE > HY) — pi(HS > HY)| = -

5
97
+

I(HS) — I(HE) +1 - 054 (HZ N\ HE) 2

#(HSU H) 5
1
[pui(H§ > H3) = pui(Hs > HS)| = <,

pr(H2 > HS) =

O5#(HENHY + Y. plsi,s))
SieHg,SjEHg N g
H#HEIHHE 5
1
lpr(HS > HS) — pr(HS > H3)| = =

HI S (R 45 AR LA U, 5F 1 288 T RL [ AT fE
o Rk A9 8, (H PN IRTEAERNE 5 501
AIRERE ZAHEUN, B8 3 REET MR S I v REE &
ARIA T A%, (HPD P BERE S B AT RefE 2=
HECR. Bk, T 22 58N BRI A8 & 380E R
283 KA, T HEP; X T KEE I E R 5
FHOHATHT BRI 1 KA, T HE.
2 %
S =
{50 : nothing, s1;very low, ss : low, s3: medium,
84 : high, s5 : very high, sg : perfect},
HE = {s3,84,55}, H2 = {s4,55,56}, Ho = {85},
HE = {s1,582,83}, Ho = {s3,54},
X kAT R U
FH R (1)~ (5) % 5 MBI E 5 Bk 17w
P ECEL, 19 BRI REFERERE P = (pij)sxs N
_0.5000 0.3333 0.2500 0.8333 0.6000
0.6667 0.5000 0.5000 1.0000 0.8000
P=0.7500 0.5000 0.5000 1.0000 1.0000
0.1667 0.0000 0.0000 0.5000 0.2000
0.4000 0.2000 0.0000 0.8000 0.5000
it ED = (V(D),AD), ¢p)8 I .
V(D) ={1,2,---,5} ¥ D KT i, A(D) N K
SRR E O F Vi # 4, #5piy = 0.5, WA I piy); ¢p
AR IR B K, 45 D AR 25 IO R DA P T
Xt (i, 5). T3 D RECh 4 BB 18 3 B A 1) 2,
HE T 49 2045 T B BE 4 6 R HE o HE "%
Y 60.>(_)% HS 80.;_)% HE.
A3, (7)) ~ (1) 5 (12) 13 2 AT g FZ AL P




646 % | * * ¥ 31 %
AN Hg 5(;% Hg' 7?_% Hé' 66';% Hg 87£% Hg P Hg and their application in multi-criteria decision making[J].
50% 77.8% 66.7% 91.7% — N — i i . -

>_0 g R ° é‘ o OH:;’ N OHg. SEH 3 AR A Information Sciences, 2014, 271(7): 125-142.
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