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An approach to multiple attribute decision making on the basis of hesitant
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Abstract:

environment, the distance measure for the hesitant triangular fuzzy sets is first introduced, and then the concept of

In terms of the multiple attribute decision making(MADM) problems under hesitant triangular fuzzy

the hesitant triangular fuzzy power average(HTFPA) is proposed. In order to effectively alleviate the influence of
these “false” or “biased” arguments on the final decision-making result, the generalized hesitant triangular fuzzy power
average(GHTFPA) is introduced and its related properties are also investigated. Then, a nonlinear programming model is
constructed on the basis of the least absolute deviation method to reasonably attain the parameter of the GHTFPA operator.
Furthermore, a novel approach, with respect to the MADM problem in which there are interactions among attributes and
the attribute weights are unknown, is provided by utilizing the GHTFPA operator. Finally, a numerical example and a
comparison are provided to illustrate the feasibility and rationality of the proposed approach.
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XFFERBCH Sup = 1 — d(hi, hy),i # j,d(hi, h;) N
FrRUEAL I 8 = A AW Hamming #5295, H v 58 3% & IR

HICR IR E

El1 WNEw b XRB=ZATHISH TN

EE L, 26 < 59.606 5, ha il by 1580 M 55
5K, AT & f 386 0 7 AN R B, oy N By 5 K
A e 2 /0N, R T LA B & ) G I 4 . R S
H1 T Ry 5 A 1 AR 5 K, FOAL IR R R Rk, 246 >
59.606 5, fuy T X B2 AR T A1 AR IS L 6k /AN, T3 g X
N HA BRI 0, IR UL SO = A B
YVHE TR AR IR 75 SR A ot $e R Eou Rk 4L g it
TR R E . IEAN, IR AT E 2 € — +oo i, Ay
BB T 1,110 hy « hg B hy FIRLE IZW# T 0. [
I, A BLR e

BT W (hyho, - hy) A— S E LM
B =B oo, WA AAE RN H 8k € {1,2,--- ,n}
15

lim GHTFPA(hy, ho,--- , hy) = hy,.

£—+oo

EH AR, AT (hy) =
)

=1,2,---.n

GHTFPA (hy, ha, -+, hy) =
n 1+ T(hy))¢ -
S (Mh)

n

Z(l +T(h))*

111+T 3
é( (1+Thk> ) >0,
i 1+ T(h)
(i)

Hrho < (14T (h))/A+T(hy)) < 1
I, € — +oof:

i=1

i =1,2,---,n.

_max {T(h:)}.

4 T UMB =AM SENTE
ik
1ECAE T A, 280 ¢ M HUE @ 5 B R e ik
R T LA E, FEAR 5 RE W 2 S EE X Tk 2
HER VE B R2 . [R] i, ﬁRTHaL%IMEﬁm’%ﬁﬂX
EXHE B SRR AFIFZ R, AR SCE R O =
MBI R R T 28 e, IR B/ M 2=
WAIE.
5 R R A TR T HEY | A AR
T(ho)) < T(ho) < -+ < T(ham)).
SR G, R FIAUE = 4 i ek U8
o= (1) (). 12
RIGERELTERINE. K, Q : [0,1] — [0,1] 4
— BRI R AL R Q(0) = 0 H Q1) =1
i, R SN TEASR 38 S A A 5
wa(i)(f) =
(1+ T(ho@iy)*

7i:1727"'7n7£>0

n

Z(l + T(]tba(z‘)))g

=1
SRELIGZ Ty o) BT E (TR

SR, e _E SR AR 7 R BB T ()
£ 0 90 0 8800, R T R4 B €35 B — B4 )
&

n

¢ =arg min ) _ |wy(p)(€) —
£€[0,4+00) ;7

AT SORTG = BRI S5 R UA.
HH T PA b 5 i 70 43 R F AR S 25 B0 A5 I, AT
TR T I AT M. 5 — J7 T, T VR TN AT R A
FUEE = 3 A B BR 0 — b o5t A A R P e o i R
EiySiesti
5 EFTUAMB=AEBEYETK
MADM i
e B M (R AE 22 BRIk R HAUEAE B 58
éik%nEKJMADM LAy e M = {1,2,--- ,m} Al
= {1,2,- ,n} AMNKIET EM BN
ﬁéﬂé/\ BTG TREANA = {4, Ay, -+,

We i)
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Ay UG EIESEAENC = {C1,Cy, -,
Con}. B, RHEH UM TE = MM s B &
Ai(i € M)TEJBTEC;(j € N) T HIVEAG R, 0 w] A4 2
W% = A BT HERE B = [bij] i ZRARHEZ R
FVP B B A T R T U8 = A
I F T I MADM J7 i B AR U s D IR R

Step 1: K P 5e 45 AT = M RORIE MG 15 R
AT BRI AL B, 45 BARUE AL TR = A SO DT Ak
H = [%ij]anaﬁ\:EP

L M U
U {( Vij Vij Vig )}
g oy oy Uy ) S

guyenyy - maxiyy ) maxday ) max{y}

C; is a benefit attribute;

[ L [ L [ L
%IZ{}{’M} %IJ{}{’M} %IJ{}{%;}

ol

an
Step 2: TFHXT R T #3175 5 A; FIAVFAEE R
SCRRRE

U

- R
i €bij ’Yij

i i

M
Yij

C} is a cost attribute.

Sup(hij, hi) = 1 — d(hij, hat),

BN m AN SRR AR
S, = [Sup(ﬁzj,ﬁit)]nxn, i€ N.
Heeh, d(hag, hiy) = F OB 1) Hamming JF 55
Step 3: VFEXT T %1% 77 &= Ay S VA5 E A&
SCRERE
T(hij) = Y Sup(hij, hir),
t=1,t#£j
FEAF BRI EREET = [T (hi)]mxcn-
Step4: 50 R T B M C; 1T 2 MR
MTj == ZT(%W)/TTL, j € N.
=1
Step 5: ¥4 5% J& 14 FIT 5 187 1451 350 6 S 46 B AT HE
FAEBMT, 1) < MT,2) < ... < MTy,, 3R

SR = 3 A ol bR R A48 1 X 2 R AR

Woj) = Q(%) - Q(%) jEN.  (12)

Step 6: V5L H ZHLE KT SN =B =

PR .
ey (6) = Mot
D (L4 MT,;))
j=1

Step 7: HRAEALHAZ B A — Bk, A HI X

n

E=arg min Y fwe)(€) —we|  (13)

£€[0,+00) <
j=1

,JEN,£>0.

PAF XONTG = BRI 35 250 € (1% WA

Step 8: 24 H Step3 345 1 & VPl {1 et S KF
FE, LA K H Step7 SREUT | X1 = F 10 7 45 2 4L
ERNRT SUOTE = F ) 35 o H 5% T R Fat
7 R 255 VAR B (i € M).

Step 9: Z5 A 1R T (1) ARG 25 B RAE 74 — A Ak
TCHIIE 73 BR A, R FH 8 2 060 45 75 R xR 2% 5 PR
B BEAT L, FE4 b Xt 25 5 Rt AT HE .

H b BAEZMADM AT &, AR AT 71k
HA LT W7 TR AL 3

1) 7873 I FH tR S 5 B AL () PS4 S, 25 W0 i 3 L
FEMERIRCEAR B UL SOTE = M w25
& ETRE G 1 3N A IR 380 e s 245 SRR s

2) fEGHEER UG = AR SH N
Fefith B R SO = A 38 5 A (S B
HEATER S, vl LA 50 55 44 15 2 Ot 25 R 5048 1)
S, 3R o PP E AR RS AR T R .
6 ZEHloHr

SIS A BT DL O R v Al Y B A T
G 77, A L BE % 10 5O IRk R, HE 9 e 1 e 6 ) 2
R SRHE RLEE 1R 38 — 0, 2 A (1) — DS s 58
WA (P RER R R fR E A IR — N EER
ISR NFSPAE PN BZ S o NI I 2
DUKFEZAT LA 50 35 3R K A | (UL sk 35 o Ho 4
Bhik . HHRT B GF| 25, 1Z N ER LA 7 E A
2SI N R T LA R 4 05 TH @ RO IR 25 B8 T (Ch)~ 7E
o B (Co)~ BN 5 K RE 11 (Cs) UL R TT R A
(Cy). Horp, /3 AR Y E 1, e 1A A Y
JEPE. SRR R R A Bl IE VR E (A E RS
RAGG, 56 AR 4N HE IR OF IR ) IR 48 75
RI-ZHT R A = 1,2,3,4). KR 73T 0w
P iR AL T7 S8 LIRS = B T 0 i 45 & A T7 &
FERA BTN E by, (1,5 = 1,2,3,4), WF 17
.

#=1 MB=REMITEER B

Cq Co
AL {(0.2,03,0.5),(0.2,0.4,0.6)} {(0.5,0.6,0.8)}
Ay ((0.4,0.5,0.6)) {(0.3,0.4,0.5),(0.7,0.8,0.9)}
As {(0.1,0.4,0.9)} {(0.3,0.6,0.7)}
Ay {(0.2,0.3,0.4)} {(0.2,0.3,0.4),(0.7,0.8,0.9)}
Cs Cy
Ay {(0.2,0.4,0.6)) ((0.3,0.4,0.7)}
Az {(0.4,0.5,0.6)} {(0.3,0.4,0.5),(0.2,0.5,0.6)}
As {(0.2,0.4,0.6),(0.3,0.5,0.7)} {(0.5,0.6,0.7)}
Ay {(0.1,0.2,0.3)} {(0.1,0.5,0.9)}




290 = % 5 & K %33%
R 36 3 BB RS 1, R (D) F RIS 80N VRN T AT HE R

A= 0.4, 0A2) FHRECRQ(x) = 2. FIHZE 6T 42
T SO T8 = A A w35 (1 MADM U7

Step 1: F A (11) THEAR I TG = MR F
{5 ¥E R H, 25 B anR 2 Fiok.

®2 REURB= AR AR H

Cy Cs
Ay {(0.2222,0.333 3,0.5556), (0.2222,0.444 4,0.666 7)} {(0.5556,0.6667,0.8889)}
As {(0.4444,0.5556,0.6667)} {(0.3333,0.444 4,0.5556), (0.777 8,0.888 9, 1.0000) }
As {(0.111 1,0.444 4,1.0000)} {(0.3333,0.6667,0.7778)}
Ay {(0.2222,0.3333,0.444 4)} {(0.2222,0.3333,0.444 4), (0.777 8,0.888 9, 1.000 0) }
Cs Cy
A, {(0.2857,0.5714,0.857 1)} {(0.1429,0.2520,0.333 3)}
A {(0.5714,0.7143,0.857 1)} {(0.2000,0.250 00, 0.333 3),(0.166 7, 0.200 0, 0.500 0}
As {(0.2857,0.5714,0.857 1), (0.4286,0.7143,1.0000)} {(0.1429,0.166 7,0.2000) }
Ay {(0.1429,0.2857,0.428 6) } {(0.1111,0.2000, 1.000 0)}

Step 2: THE R T &R Ai(i = 1,2,3,4)

BP0 SRR N

[ —  0.7037 0.8360 0.8347]

g, — |07037 = 0.8677 0.5384 7
0.8360 0.8677 —  0.6706

10.8347 0.5384 0.6706  —

0.7194]
0.608 3
—  0.5607
05607 —

0.7778 0.8413

0.7778 0.7778
0.8413

0.7194

Sy = B
0.7778

0.608 3

0.630 2]
0.5772
—  0.5270
05270 —

0.7778 0.8280

0.7778 0.9021
0.8280

0.6302

0.9021
0.5772

— 0.7222 0.9524 0.7333]

0.7222  —  0.6746 0.6407
0.9524 0.6746 — 0.7704
10.7333 0.6407 0.7704 -]
SV E RS SCREEE N
2.3743 2.1098 2.3743 2.0437
2.3385 2.1639 2.1798 1.8885
2.2360 2.2571 2.2571 1.7344
2.4079 2.0376 2.3974 2.1444
Step4: THHE & BRI B SCREE N
MT, = 2.339, MT, = 2.142,
MT3 = 2.302, MT, = 1.953.
Step 5: 575 J& 1 Fr Xt B2 (1) ~F- 35 0 S RFFE H R
AN RATHER,
MTg; (1) = MTy, MT42) = MTy,

Sy =

MT, 5 = MT3, MT, ;) = MT}.
B0 (12), JE@ 1 Cy I =M RE N
: -
We(1) = Q(l) - Q(‘]i) =

n n
()= (5 =omes
B, JRME e Cy 1 Cy 19 = A0 KL 59 309 0.187 5.
0.3125F10.437 5.
Step 6: HFHLHE B HE BT SUIL = fiy BOW
VIR, H ARAR LA 135 B S0, R 2 (13) B
SUITR = F BRI B B2 T S o) (€)

Jj=1
— We(j | FEE > ORI, HIE 2 AT 1€ = 15.4940.

0.5
— 04}
j\ 03}
gﬁ 0.2F
N 01f 15.494
0 T
0 10 20 30 40 50 60
¢
2 Y |wogh) (§) — wog | BET XK
Jj=1
—RARYSH TR

Step7: GBS HE = 15.4940, F)H GHTFPA 5
FRAFE T R E PHME IR 3 Fiw.

*®3 BRRNEETME

h1 {(0.2771,0.5161,0.7817), (0.2771,0.4755,0.7520) }
{(0.4503,0.571 3,0.701 4), (0.4508,0.5719,0.699 5),
(0.5487,0.6789,1.0000), (0.5491,0.679 3,1.0000) }
hs {(0.3101,0.6297,1.0000), (0.2545,0.573 8,1.0000) }
{(0.2155,0.3455,1.0000), (0.180 8,0.3037,1.0000) }
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Step 8: #R#E A (1), Bk pi; = p(hy = hy,i,5 =
1,2,3,4), 0877 RERE PEUME B PT BE FE AR FE N
0.5000 0.1712 0.3067 0.6254
0.8288 0.5000 0.5475 0.7503
P= L4
0.6933 0.4525 0.5000 0.7395

0.3746 0.2497 0.2605 0.5000
DRI, % 77 R &%A VE A 1L T B BE 43 il
p1 = 1.6033, py — 2.6266,
ps = 2.3853, py — 1.3848.
Step 9: %77 ZHIRZAEHT N
Ao = As = Ay = Ay,
RI7 %6 A FAR.

FEAR GG v, 1 SO B R 3R 2 DR KU 17, HL
ZHN = 04 HE—HL, B3GH T8 HTREE
PENER ST BEEERE SN € [0, 1] BRI HL. o]
DA Hh, Bl o5 R 5 2 1) DAL 28 52 E RGeS 28] XL I
ST, BB RS B SR ) 3% AR 1) 7 58 Ay Fl A 1) ST
HE SRR ORBR K, T 777 58 A A1 Ay 9 Jsl AT B B oK B
N MU0 < N < ML TR A3 wl, HSE TR
PIRAHT N Az = Ay = Ay = Ap3) S <
A< M TR Ay i, B & T B AHT A Ay
= Az = Ay = AU < X< IR TR A,
AL, B TR REHTF N A, = Az = A] = Ay
HE 0B T, e sk 3 XU 78 B T4 5 Vel o 1R 2R 45 R
A, B 3 8 AT R B, 24 o SR 1 XU 7 FE A6 SRR
BEif (0.5 < A < 1), &7 BB AHET 4 RARFFA
B3

3.5
4,
EpR]
= A,
=
m 1.5 A,
A, sz T
0.5 7 S : -
0 02 04 06 08 1.0
A
&3 |BAREATENMEMNSATEEBSHR AT
7 Xt

Xf T _EiR %451, DA Zhao S $ L I TR =
#1558 Einstein 1 £ 1 /1] (HTFEWG) £ 1 ) MADM
TIEX &7 FHATHE T, W7 RN GEA T E IR
4 . Forp g A E A IR J5 vk R Step 5 TR
= R AR AR B

w = (0.4375,0.1875,0.3125,0.062 5).

®4 ZhaoFMHETEARNGATNE

hy {(0.2815,0.5047,0.738 4), (0.2815,0.448 2,0.685 8) }

{(0.4330,0.5482,0.690 1), (0.437 3,0.5545,0.6757),
(0.5112,0.628 3,0.773 1), (0.5160,0.6350,0.758 0) }

ha

h3 {(0.1887,0.4942,0.845 3), (0.216 7,0.533 3,0.889 4) }
ha {(0.2441,0.3821,0.556 1), (0.1859,0.308 1,0.466 9) }

AU, %57 SRER A PPME A AT REBEREFE
0.5000 0.1991 0.4184 0.8694
0.8009 0.5000 0.6229 1.0000
0.5816 0.3771 0.5000 0.8709
0.1306 0.0000 0.1291 0.5000.

DRI, &7 RERA VAN B BT BEFE 7370
p1 = 1.9869, py = 2.9238,
ps = 2.3296, py = 0.7597,

M%7 R AT N Ay - A = Ay = Ay, BT
A AR

AT DAE AT E H 2T SUMTE = A B
T HT I MADM J772%: 5 Zhao 250 41 1 (¥ 7 1248
AbER bR SR 45 31 T AH F) ) PSR 45 AL gk R B T
ASCHTR T iE R AT AT PE, BeAh, BT T SUCR TR
55405 A B BCRHIME B, HE 6 e T X
Mg = AR RIS H € TR R X AU E = A1 R
R IR E AT S IE, A ST A oA B
8 4

KRILBIEMET SUR TG = AR =2 57, i
FUHAE S5, R H R T 2 25 5L N i MADM i 3
R TR R E TR B DU B = A EE RN
BN PR FEIRE o AR SO e gh T bR B = A
BB Hamming B 55 0 52 SC. 76 IS RE 1, 2 ST
AR T IR T T A DGR, T O
AR R A T IR O R 55 40 5 R A e S
BOR PR g2, Y 5 8 B S AR RS R
FIVE P05 T AT SR AR M. [, — 3 T AU = £ o
B B /N 25 5 T B R BOME 7% = A AR 3
SR ZTTIEFR R T R FH R R E S, A
Kb o T UL IR 2R 2. 7E LHTFE s BH A
I RGRELE N, A SCHR T BT — M
BT 1f MADM J5 7%, AfE L& J@ PR I S5 AE(E A B
R R & HABLEAE B 58 4 K 511 MADM ] 33 £2 it
T B, 1E 5 BRI T R A DR AR ST
R PSR 7 A 2 ) kG A FEE PR 2 R
TR, RV AR W R Th w2 I DL AR X
VU S AN ST B P, DA b A B AT AT 1
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