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Hesitant fuzzy three-way decision method based on soft rough sets

FENG Feng”, WAN Zhe"', XU Ze-shui®>, LIU Xiao-yan1

(1. School of Science, Xi’an University of Posts and Telecommunications, Xi’an 710121, China; 2. Business School,
Sichuan University, Chengdu 610064, China)

Abstract: Three-way decision is a philosophy of thinking in three. It provides a simple and efficient solution for
addressing complicated problems. In this paper, hesitant fuzzy sets and three-way decision methods are investigated by
virtue of soft set theory. Value spaces and value cosets of hesitant fuzzy sets are defined. The notions of canonical soft
sets, unit interval parameterized soft sets and derived hesitant fuzzy sets are presented to solve the mutual representation
problems regarding hesitant fuzzy sets and soft sets. In addition, a generalized rough model based on hesitant fuzzy
sets is established with the help of soft rough sets. Based on the given pre-decision set, soft upper approximations are
calculated to determine the evaluation function. A novel hesitant fuzzy three-way decision method based on soft rough
sets is proposed. Finally, two numerical examples with related comparative analysis are given to verify the effectiveness
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and cogency of the proposed method.
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Mo ik Vak” Tk R — AR AL B A T e
4]

WHEERA MW AETU = {t,ty,. .., tg} BT
YRR HESE 2 5REBANT B A PEIE. A L P
Lo /N, A K IRTE 3 44 & O 8 Ar Bl A AT VR
HARE 3B LR U R e A AT A
PEFF25 H A X (8] [0, 1) BIPEN 15 70, 159 70 bk = 32
NN AE I 2R R, 4R L K48 B IIEN 13
oy LRI U R EORIEE b, Horp

h(t1) = {0.1,0.3,0.6}, h(ts) = {0.5,0.7,0.8},
h(ts) = {0.2,0.3,0.4}, h(ts) = {0.2,0.5,0.6},
h(ts) = {0.4,0.7,0.8}, h(ts) = {0.1,0.4,0.5},
h(t:) = {0.3,0.8,0.9}, h(ts) = {0.7,0.8,0.9}.

MBEIE () = 1,2,...,8) FHIRBERRS
ML s NS E. 5 W R A S AN
Vi = {0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9}.

HKGAEFRE T BENGE VAR
tan tas to TR, T 2 AR A AR B 1) f Tk
HKEND = {t1,ts, ta, te}. 3 TR KB AR
HIEIEIZ DT, S B R AT R R S5 3.

step 1: AR$EMEL R 8 14 52 S, TH A 23 8] A s — A
(BRI B PB4, TR AR 4 b 3 Ak BT 5 92 )
SIEHIE G, = (Ch, Vi), FLI kR K b (B B SR 1
Wz 1 .

step 2: A A ILSEIEE G, = (Cn, Vi), AT AR

R1 RBIEMER h W EERE G,

01 02 03 04 05 06 07 08 09
t1 1 0 1 0 0 1 0 0 0
to 0 0 0 0 1 0 1 1 0
ts 0 1 1 1 0 0 0 0 0
ty 0 1 0 0 1 1 0 0 0
ts 0 0 0 1 0 0 1 1 0
te 1 0 0 1 1 0 0 0 0
tr 0 0 1 0 0 0 0 1 1
ts 0 0 0 0 0 0 1 1 1

SRR P o= (U, Gy). 4= (1), 7T RATHR A
H{ty6a=1,2,...,8) MK il o
{ta}, =R H0.5)UR 1 (0.7)Uh1(0.8) =
{ta,ta, t5,te, t7, s},
{te}, = h 1 (0.1) Ur~1(0.4) UL (0.5) =
{t1,ts,t3, ta, t5, b6 }.
FKAAPTFH AR FIE R
{t1},, = {t1, 13, ta, te, 17},
{ts},, = {t1,t3,ta, 5, L6, t7},
{ts}, = {t1,t2, t3,ta, 6},
{ts}), = {ta,t3,t5, s, tr, ts},
{tr}, = {t1, ta, ts, 5, t7, ts},
{ts}), = {ta,ts,t7, ts}.
Horb B PR SE {t1 ), = {t1,ts, ta, te, b} RTERN
by tgs by tos tr BA—DVE HE A ¢ #H AL
R IR AT DU [RIFE 1) 7 AT AR
step3: i€ G &M KL ALBIH D =
{t1,ts, ta, te} AMTREE, HP AL THKIAR Y
g B A R ), AT E R AEG € Ui =
L,2,...,8) MPFIMA E(¢;), a0
{t1,ts,ta, te, t7}\{t1, 3,24, t6 }| _
[{t1,ts, s, tg, t7}]
FAAAT R HRVENE: E(t) = 0.67, E(t3) = 0.33,
E(ty) = 0.2,E(t;) = 0.67,E(ts) = 0.33,E(t;) =
0.67, E(tg) = 1.
FEAZ S P A B (t) o {6}, PALKIA N
AN VR 1R L A BT o 1 BB AR VP AN, T 4 HE
W N R PR LA ¢, ¢ € UTHET:
Dt; = t; AHANH E(t) > E(t);
)t < t; HHAHE®) < E(ty);
3)t; = t; BHNHE(t) = E(t;).
BAAM S, U n & F 4R N
tg =Tty Ris il =1tg~=1lg =14 ~11.
step4: IEFEESERIRE b, HH R0 < a <

E(ty) = | 0.2.
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b < 1. 7EAZSEH A, IR B a = 0.25 NKBIE, b =
0.65 M= .

step 5: ARAR VEAMMEL AT BT e B AR, PR3 U
SRR 34 TR

1) mfEIE: HOU(E) = {to, t5, t7, s}

2) ‘:P{Eiﬁ:M(O'%’O'GE’) (E) —_ {t3>t6}§

3) RAEIR: LO025N(E) = {t,t4}.

step6: FIRTHEH LA FIE T 34 L XMEN
1955 LA R KA N BB AR TSRS R h R
WAL

1) FAEIR HOSSU(E) bty byt ts HL
Eo/ R Buisky v e S| e =X

2) HRE IR M (O0-35.0-85) (B i BNV A 8 t6 N AR
AR T HEL A

3) ARAER L0035 (B fR g EaNL A 8 <t TR
42 ZFKEEMEH

SEPRATE L, R EE R BA o EENE X K
T SR B AR B Bt — B H T S = i, T8 3
LI AR A = {a1, a2, a3, a} FIBREXRU =
{t1,ta, ta, ta, ts} S FRERIA P2 S AT VEAS, J& 1 1AL
HEENw = (0.3,0.3,0.2,0.2)T. 5 ik [36] F
[ E i, VAN 4 R SR 2 B . R TR SCHER (361 AR
TSR B 51 BT B AR IS B R IE R by (5 =
1,2,3,4), R FH S5 SRR Z ) L

w2 OMBIERIRIRIERE H

t; {0.5,0.6} {0.6,0.8} {0.7,0.8} {0.6}

t, {0.4,0.5,0.6} {0.9} {0.85} {0.2,0.3}
ts  {0.4,0.5}  {0.8,0.9} {0.8} {0.4,0.5}
ts {0.8,0.9} {0.1,0.2} {0.2,0.3} {0.7,0.9}

ts {0.3} {0.7}
step I: BTGB R, (7 = 1,2,3,4) Fib it
LG, = (Cn,, Vi, )(j = 1,2,3,4).
step2: FALEILMAA B P = (U,Gp)(j =
1,2,3,4), AR = (1) TR LU {6}, (0 =
1,2,3,4,5, j = 1,2,3,4). it ELERWNE 3R,

R3 AMIAE P R LIS (¢},

{0.4,0.5,0.6} {0.3,0.6}

ty {ti,ta,t3} {t1,t5} {t1,t5} {t1,t5}
to {ti,ta,t3} {t2,t5} {t2,t5} {t2,t5}
ts3 {tl,tz,tg} {t17t27t3} {tl,tg} {t3}

ty {ts} {ta} {ta} {ta}

ts {ts} {ts} {ts} {t1,ta2, 5}

step 3: H1 T 1% A9 v 9 A e P SR 4R, AR S d
SRR A B 145 2 eR A, IR EUHE 4 AT — 1k
T EAERIETR R, it E Rk EEND, =

{t1,to,ta}, Dy = {t1,t2,t3}, D3 = {t1,t2,t3}, Dy =
{t1,t3, ta}. WA Q) AT BB HEVENE £, (¢;), W1
_ Ht1},, N D1
{ti},
AN AT 15 A F R M PEANEL, R 4 .

x4 TFNMELER

Ei(th) = 0.67.

Ei(ti)  Eo(ti) Es(t:) Ea(ti) E(t)
t1 0.67 1 1 1 0.9
to 0.67 1 1 0.5 0.8
ts 0.67 1 1 1 0.9
ta 1 0 0 1 0.5
ts 0 1 0 0.67 0.43

255 TR PERCE, AT 20 A5 AR A 4k 5 N4
EVIME E(t,), tH RS R IR 4 Fos.
IRGEVEME, W13 U Foe i H R 4 308

t1 =ty >ty >ty > t5.

stepd: EFERE a b, HIHE0 < a < b < 1. fE1%
SEA i) @ i e = 0.55,b = 0.85.

step 5: MR HE 5 VIANMEL RN BT 328 B 1) B0 4L, oK i
WU 73 AR 3445

1) m I HOSSU(E) = {t,t3};

2) ':F'{Eiﬁ M(0'55’O‘85)(E) — {t2};

3) (RAESk: LIOOSN(E) = {t4,t5}.

step 6: R THELE R, FiZ K EFE it an @il

1) VU S B3 H 38 7 £y R 235

2) X HPE S BRI 7 o R R AS T S

3) ANV SEARAE I R BRI 7= it g A 5.
43 XftEath

7E A BT, Wang Z500 $2 T 26 T 74 B0
RS PR A5 2K R B3R 1Y) HE-MADMLET e 567, JF
J b 5K R HR O ) L Xu ST E I OB
R IE B AR fide A1 7 2R AR A4, 42 1 T HF-TOPISI 4t 3
. Chen 5B HL B 52 5 ELECTRE 11 R 592
A 454, 32 7 HE-ELECTRE 1T # £ . Mahmoudi
HV G BB 40 8 7 PROMETHEE 5 V4.
B A, Xu ZEHO R T T SOM IR AR AL 3
(GHFWA) B 2 Jg Y 5 712

ASCHG LA b S MO IR B 2 J& TR ST T
fife e 4.2 75 R SR RE B IE ) . Dy 1 3 R TR LU, B
PEIRE RS — R w = (0.3,0.3,0.2,0.2)7, HF-
MADMLET 4 532 (1) 43 2% 0% £5 5 SCHR [36] — £, HF-
ELECTRE 11 R 5875 )45 73 of B0 i 22 BR) 255 SR
[38] — %, HF-PROMETHEE ¥ % 2 1)l 1F- o8 ¥ e 2
H5 S0k [39] — 8 TH LA R R 5 FoR. B4 TR H,
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s R TFHMBENRBEME X R SR 841

18 GHFWA S BERE TS 8. £ IS
HAEN = 1,0 GHFWA BB 1 A A M AT
Y BT S (R e 5 7 V2B A N B BT )
R ABLEARR AT S R 5RO HN = 20 i3
TR

x5 TRIRFKFGENERILE

VS WikiS HEF 45
HF-MADMLET®?® to =ty = t1 >ty = ts
HE-TOPSIS®” ty =tz =t =ty = t5

HF-ELECTRE 11"**

HF-PROMETHEE 11!

GHFWAM"!
RICTTHE

H T S5 B RT D0, B 7 i ¢ R0 65 E BT T 1
[ HE 7 A 35 4k T 58 4 4 FN 2 5 . 7E GHFWA B 3
7%, HF-MADMLET k& 5% Fll HE-TOPISI 4 5232 1)
HEFFH, to R R BRIV 7= . E HF-ELECTRE 11458
EHEF R, 6yt At 2008 S L BRI 77 il £E HF-
PROMETHEE # 5 72 (K1 HE 15 o, ¢y 9 S A0 B0 77 il
TEAR ST 1, 6o F t5 s, AR 7%
AT = BRI PR SR Nty Rt ABEATTE AN T
) B AAHE R IS AT AN TR, X8 AN R 5 % R
P S 22 e BT 3 B

530k O 7R AR B, AR SR ) v g
AT TR SRR WS, WG58 1 =SOSR I RS A S
R, Bian, 76 5 b A VA0 1) j vh, AR STV 45 T3
R R EIF AR NB W, 4% 1 iFitd
PR W E Ve S 2 WA (E B, FsE b, Tk 4
MR PR EE R ZE R SRR T AR 53485
()2 W43 5. e 4h, HE-TOPSIS W 56 1L 2K AT B L
ORI B0 FE B4 FAH 48, BOE F T3 Kon- SR T4
ORI £ 10 R S ) S, 17 AR SC T 2 L 7 92 TG e B ), 72
S o BE 9 R
5 &%

ARICE T AL A S HA B ST AN
TR B TS T R SR TR R 1
WAE SR F A EL3R 7 [ R, M 2 7 IR SR 4R 5 Bk
Z BN I 5, It TE A FR AR B (XA S A0 1 8 FH 4
LB, BLAN WP R R T R SR =
SCHREHIRLE, BIN T Pk AR BORE 5, 45 & TR SR
RN BT AL ER A E VR BRI B A T — AR T R
FHRE B (AR AR = S R SR TV S JT VR 47 6 5 1R
LR AW BT R £ BE VN R N S
H, A d Y AR A 2% 0k 5 5, BN I RSO O
TCHEH— Bk PR e A, E i b A AR ) 8 A 2K

t1 "Rt ty >ty >t
t3 = t1 = ta > ts > ts
to =tz = t1 >ty > s
t1 =ty =t >ty > t5

WE BRI (] BRAGIE T A ST = SR ST I A 2K
Vi, H#-5 DA IR LRI SRS ok SR T VA EAT 10 EE o)
. 22448 W, A ST iR ) B4 € IO B, T AN [
IR L P E 2 X R SR8 R AR 2. 4 Je K o ELATE T
B HIE BRAEL R R RE TV, R B AN TR SR AE A A
= SCORHF AR, s B R £ FEBIE T A
(ESIEEPS e
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