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Interval intuitionistic linguistic Frank aggregation operators and their
application in decision making
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Abstract: Based on the interval intuitionistic linguistic variables and the Frank operator, the operational laws of the
Frank operator under the interval intuitionistic linguistic circumstance are firstly defined. Then, several interval
intuitionistic linguistic Frank aggregation operators are introduced, such as the interval intuitionistic linguistic Frank
weighted average operator, the interval intuitionistic linguistic Frank weighted geometric operator, and the interval
intuitionistic linguistic Frank generalized weighted average operator, etc. and some of their properties are discussed.

Moreover, two approaches are introduced on the basis of the interval intuitionistic linguistic Frank aggregation
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operators, and an example is given to illustrate the feasibility and effectiveness of the proposed approaches.

Keywords: interval intuitionistic linguistic variables; Frank operator; multiple attribute group decision making;

aggregation operator; fuzzy information

0 51 B

1986 4F, Atanassov!!! 7 15 Rl 2121 ) JE fith I 5@
T E RIS, BT L AR M AR 750 T AR
PERUAHG P, O 2 N T il rimE . R
W  ASOR e SF A5 22 .

1E AR R Z IR 1 RS B LR 5
BEAT R, T8 5 VPN D) RERLAT B K X Fi i . 1
XoF G 0] R, AR /K401 g ST = ARG S AR S A
AN € 15 F AL & Herrera 25101 8 LT ZJn1E L4 Ju
S g SUT R IE —ail AR, T IR AR g ST B
BORIE 5 M B 58— J0iE U BE RS A 50 Lin® 58 X
T ERESIE S ESEE T, BT RS

Wi HER: 2016-11-13; 1&[E HER: 2017-03-12.

HPUO B AN E S S U XA B A AN e
5 A2 RIS AR X ) B B A e 15 B AL E
R b 3R T XA B v SO, R e LT
(X 8] B0 7 5 B INBE AR 2 557 (IVILWA) L [X
8] B & BRI LT 21555 AVILWG).

] e KA T SRS S oK A S AR, 25 AR T R ANAR
1 S A#il14-16] Enistein T A% A1 Enistein S 1217, Hamacher
T #% Fl Hamacher S#%0181 Frank T #% 1 Frank S =191
&%, o Frank T #F1 Frank S 15 5 A — € 1) 3 A& 1,
R 2 0 A8 A A e ] R, e A R TE 22 (1) 22 )@ 1
R 58 W) . 49 2: Casasnovas 2529 £ X Frank T A5
PR RN A T — P A BTV, FRIE I A A B

HEBR: ERAARAEETE (71571019); 1 EEHEBUG A ARAIH 2 F1HRITUE (189100113).
{EE B HEE (1976-), &, I, {4, NFRBIHR SEMR; F4R (1967-), J, BIZER, L4 S,

MF RS 57k 8B SIS
P IEE. E-mail: duyql234567@163.com



120 # % 5

AR 1 3 A A R B 7 T 5 Yager® U AR 4R 9 Fh A~ [
M 77954 48 Frank T A F1 Frank S 1% 2 2X; Sarkoci??
i W 92 48 Y Hamacher T A%l Frank T 8@ T AH
A 2R 42 45 55 7 Wang ZE 23 EBH T Frank T A Al
Frank S 15512 5080 35 f2 N 2 0 B A 3, HL A 0 4
BRI RE 14 Deschrijver?! /40 T X BRI £ P B 1B
SR Qin ZE A2 1 = A [X [a] — ALK Frank
PG H 1, ULE T B A M T Qin 2512600 g L
TR LIRS N Frank 5 72 S, FENA T
JUSRI BASH) Frank 5 B 4 B 1, AR 24 555
(HFFWA). A 7 B35 557 (HFFOWA) « R4 J LA
1 (HFFHG) %5 % 2&; Zhang 25127 5 ST JLAh X [A]
H WA Frank (5 SR H 7 I 7t T H B A
[ AH 14 5T ; Zhang 55281 58 ST JL 2K 58 B8 Frank
G RELE T, IR T HE M.

H A1, 5% F Frank T Frank S #1070 32 24
HE SRR BRS04y, £ 22 8 MR USRS 7 T AR /b
DL T X B B BV S e U SE R M A
UL TR ANf 5 M AR 1, BT 9 78 X 8] LD AR
T M8 T 1) Frank T #5880 Frank S #5211 B ] 72
H—EMERME. A 3CE e L Frank 5 7£ X [H]
HtE E W E T IR AR AR EE LR EE
.15 5 Frank 5 BEME T, WA HE T RA )L
FhE oL o3¢, X S8 A5 8 T A ok X R B TR &
RO PR8N 1 22 Ja PR Sk o) R s 9 o SRS R
T A R B R
1 LA

EX1M L8 = {s]50 <53 < 54,7 € [0,9]}
NS = {so,s1, 8} WIEBRIEN, 59y € 5, X
s AN E R I,

A ={a(s7 (@), ([u (@), ui (@),

[v% (), v5 (2)]) ] € X}
NIXEEWIESE HFius(z) 0 X — [0,1]F
valz) : X — [0,1] 70T RILER 2 MG F ENE
o) MRIBEMIAERIEEE, HA 0 < ua(z)+va(z) <
1,Vz e X.

EX2M La; = {57 (as ([ (az) UU(QZ)]
[vL( ), vV (a)]) N /\I:IEHEJJE. AR, a; 11
BREE LR
E(a;) =
1 /u” U
(et a) |
S

o

1- —UL(ai);vU(ai))sr(a )=

(@) % (ul (a;)+u¥ (1) +2—vE (ai)—vV (a;))/4- (D

o HURERAE R AL H (i) 5 SUN

* R %£33%
H(a;) =
L U L U
i)t i i)t i
(u (a;)+u (a)+v (a;)+v (a))XST(m):
2 2
S'r(ai,)><(uL(ai)+uU(ai)—&-vL(ai)—&-vU(ai))/Q- (2)

E X3 Loy Fllap NAEE A X 8] B 0185
A A

D WRE(ar) > E(as), Way > as;

2) FAE(v) = E(og) ™ MR H(oq) > H(a),
My > ao; R H(ay) = H(az), Way = as.

E X 414 Frank T-#A Frank S-158 52 X U F:

T(z,y) =2y =log, (l+w),

o1
V(z,y) € [0,1] x [0, 1]; 3)
S(x,y)=zdy=
1—logy (1+ Gl _91)_(911_1, - 1)),
V(z,y) € [0,1] x [0,1]. 4)

2 XAE®RIEFHE T Frank EFHEH

FH]

FR 4 [X 8] B9 15 5 A% 5« Frank T4 A1 Frank S %
(52 S, AR 5 SCIX JR) BLAEAE 5 PR 5E N Frank 51 1)
EHEH.

EXS 2 a; = (sr(a, ([ (ai), u
v (a)])) (i = 1,2) R XA H 18 &

1) ] D ag =
<ST(a1)+‘r(a2)7 <|:1 - 10g0 <1+

(gl—uL(al) _ 1)(91—uL(a2) _ 1)
1) )1 log (1+

gl—u"(a1) _ 1)(p1—u" (a2) _
( (91¥ 1) 1)>}’

(V" (@) — 1)(gv"(a2) — 1))

-1
=)])):

Y(a))], [v*(a),
Ak, NI

[1og6 (1 +

(7" (a1) — 1)(pv" (a2)
(6 —1)

log, (1 +
2) a1 Qo =
<s7'(a1)7'(a2)7 ([logo (1+

gt () _ 1)(gut(a) _ 1
( (9)_(1) )) log, (H—

wY(a1) _ uY(a2) _
) e
(el_man_(91)_(911)—“”“)— 1>),1— logy (1+



F1H AEF S KIE A5 S Frank £ 2 5 F AL A 2 R P 09 5 A 121
(0" @) — 1)(0" @) — 1)\ 7\ ) R
TSR (o (- TT0
3) Ao = n U
(el—ul‘(a) _ 1))\ 1)“&)71 - 10g9 (1 + H (917” (a:) 1)w1):|7
(srrto (|1 = 10w (14 g5 -
1 —log <1 + <91—uU(a) - 1>/\)} {loge( H(@v - )wi)’
- 6 _ ) =1
@1 ;
vE(a) _ 1) log v’ (a) _ qyws . (5)
[1og9 (1+ (9(9 1)A13 ),1og9 (1+ ° ( 1;[1( ) )])>
(@77 (@ — 1)> EE1E R #a( = 1,2, ,n) N4
7_ : X [H E =] ﬁ 9
(0 —1p )])) A= PR FLOE A 2 A
Dot S = R Pertend oo = e ook
L L __ U _
(6" @ 1) uZ = mzmn{u (ai)}, uZ = mzlnn{u (@i)},
(sertanns (1o (14 =51 ). , - o
o 1 = (0}, o] = s 00,
logy (1 + (0 — 1)1 )]’ vl = lgllliln{v (a;)}, vi = max {v¥(a;)},
91 ot (a)
[1-1og, (1+ LD o = min (o (a0)}, o = max (o (ar)},
(91 WU W (s,—, ([ul,uY], [k, v7])) < IVILFWA(al,QQ,
1 —log, (1+ =5y )D> ) < {7 ([, ], [oF, w))),
EJlIEJ:LT+ﬁQﬂ:%1EijI'ﬂEE EEARE WUE B AR 5 Sk [27]1 250, Ak g
EX6 S0 = (5,00 ([WH(@) (@) [ (@), FEEZEHH Baili = 1.2, 0) Al
W)= 1,2,3) RER=EARA A E SR,  XHEEEEERE R0 = ali = 1,2,-,n)
E)\’ )\1,)\2 > O,JH\IJ IVILFWA(OQ,&Q, cee ,O{n) = Q.
1)0[1@0[2:062@0[1, iiﬁ3($i}%‘fé) i}_XLaZ('l — 1,27,71)50(;
3)(a1@a2)@a3:a1@(a2@a3); Qb = 1,2’...,n,m\UIVILFWA(O&&,a’Q,...7a )
4) (al ® 012) ®O£3 = ® (012 ®a3); I\/ILFVVA(OQ,QQ7 e ’an).
B4 Ho(i = 1,2, n) N —AHX A HE

S) Moy @ ag) = Aag ® Aag;

6) Aoy @ Apar = (A1 + A2) ® ai;

Nyt @ a)? =t

8) (1 ® an)* = o) ® a3.

X B EWIES Frank {5 BERE T

F T X 0] B 00 1 5 A% 18 Frank 571 1912 50800,
NHE SO LSRG BEME T

3.1 [XEHERIES Frank INEREHETF
EXT Waoi(i = 1,2,--- ,n) 2 —HXEEHR

BERE w = (wi,ws, -, w,)T oy FIRE [,

HAO < w < 10 = 1,2, ,n), ) w; =

i1
1L, 2N XIEHEIE S EEE, I X E B 5 iE
5 Frank I AL B AR 34 57 IVILFWA) 7] 8 SR
(IVILFWA: 2" — 0):

IVILEWA (a1, s, -+ , ) =

n
E w;o; =
i=1

ﬁ%%%%,w - (w17w27“' 9

wo) T N (i =1,2,-- -,

n) FACE A #, 0 < w; < 136 = 1,2,--- ,n) H
S i = LRy > 0,0 2K L A R
i=1
i

1) IVILFWA(rag, rag, - -+ ,ra,) = rIVILFWA
(041,052, e ,Oén);

2) IVILFWA(a; ® a,as @ o, 0 @ ) =
IVILFWA (o, g, - -+, 0) D

3) IVILEFWA(rag @ a,ras S a, -+, ro, ®a) =

rIVILFWA (a1, g, -+ ,0) @ o
UE B A2 5 SCRR [27] 240, BEAL A5 1.
BIS Hai(i = 1,2,--- ,n) Mo
n) 7 WAL IX (A B G 5
w) T AHa(i = 1,2,
EZ w; = 1,0

i=1

w; <1(i=1,2,---,n)

n) IBUE 7] f, H

1’ 27

E%»w = (wlana"' )

F0 <

)



122 # % 5

xR ¥33%

IVILFWA(a; @ o, as ® ady, -+
IVILFWA (a1, ag, - -+, 0 )®
IVILFWA(a}, ab, -+ ,al).
WEBIE AR 0] 22 SR (271, BEAL 24 1
TN IVILFWA 57 (R 0.
1) 2460 — 1i, IVILFWA 51 {8 4k A TVILWA 5
=il

y On @a;) =

lim IVILFWA (o, g, -+, ) =
6—1
IVILWA (ay, g, -+ ) =

- ’ 1-— 1-— L i wi7 1—
<S'Z1 w;-T(a;) ([ z];[( u (a’ ))

[10 - @)™, |0 @)™, 0" @)™ ])):
i=1
2) 40 — +oolff, IVILFWA 5 7 fiifb & 4i i)
AR IECT 5T B

lim IVILFWA(aq, as, -

y an) =
0—+o00

(o5 ([0 3w ],
St 3]

3.2 IZI‘EﬂEmE;Frankﬂmnﬂ%’ﬂﬁ%
EXS8 Vroy(i = 1,2,--- ,n) A —HX A HH
1%%&%,’11} = (U}l,’wg,' o 7wn)Tj"jai(i = ]-727' )
n) IR &, 0 < w; < 166 = 1,2,---,n) H
sz = 1, [X &) B 5638 3= Frank IR L3 521

(IVILFWG) € X UR:

n

7a7l) = Hal“"l =

i=1

IVILFWG(OQ, Qg, -

n

Sn ) O, HUL(QQ - ’w,L),
< T (e ([ gg( H

log, (1 + ﬁ(GuU(“i) - 1)“’")],

Jj=1

[1—log9( +£[161 via) )
1 log, (1+H (91" (@ —1)Wi)]>>. 6)
=1

Ho:Q AMAXEERESZEEA,
0" — 0.

6 Ho(i =1,2,--- ,n) AKX HK
EEEE,w = (w,ws, - ,wy) T Na;(i =1,2,--,

n) IAEAE,HXF0 < w <16 =1,2,---,n) H

IVILFWG:

n
Zwi =1LWHRr > 0,a2— MXEBHILIESLE,

=1

U

DIVILFWG ((a1)", (a2)", (az)", -+, (on)") =
(IVILFWG (a1, g, - -+ )"

) IVILFWG(oq ® a, 00 ® @, 0 ® @) =
IVILFWG (ay, a, - -+, ) ® @

3)IVILFWG((1)" ®@ a, (a)" @ a, -+, ()" @

a) = (IVILFWG(ay, ag, -+ ,a,))" ® a.
EEB7T Rai(i = 1,2,---,n)Ma(i = 1,2,
n) R FAX A EEES LR w = (w,w, -

w,) " N au(i = 1,2,---,?13@&5@%,%*0

HZ w; = 1,)'1”
=1

IVILFWG (a; ® o), ag ® o, - - -
IVILFWG(a, s, -+, 0,)®
IVILFWG(c,, oy, -+, 0.
N IVILFWG 57 IR R 1S .
1) 20 — 10, IVILFWG 5 T L A IVILWG 5
T, 8

lim IVILFWG (v, ag, - - -
6—1

N

7O‘n®a;«b) =

7an):

IVILWG (v, g, - -+, 00) =

<5ilm¢@n’(KuLau»wa<uUau»W1,

n

=T = vk~ T] (1= Ve ]))

i=1 i=1

2)240 — +oollt, IVILFWA 81 fai 1k 4% 4i 1)
HAIACE 51, Bl
lim IVILFWG(O&h Qg, -

0—+o0 ’ Oén) -

<si§:1 wier(an)’ ([Z wiuL(ai), ; wiuU(ai)} ,
S o0 o)

5 X I‘ETJEJLA-LD = Frank I M & K F ¥ H T
(IVILFWA) ZE4L, [X 18] B % 7 5 Frank SO LA ~F3%)
HF (IVILFWG) [FIFE B AR A Ak s
PEJR.

33 XEERES X Frank MERFEHEF

EX9 Hao(i = 1,2, ,n) A—HXHEHR
EETE,w = (w,w, -, w,) T N, FAE R,
WRE0 < w <16 =1,2,-- ,n)ﬂzwi = 1,0

=1
B B W iE 57 X Frank M E RFHWHEHT
(IVILFGWA) 52 XU~ IVILFGWA : 2" — 0):



%18

HERE RAAREZFrankE 2L FREAEF T E R 123

IVILFGWA (o, a, - - -,

n 1/
) = (Z wiag\) =
i=1

iz ),

<S(1§:1 w'i(T(ai))*)l/A7 ([loge (1 + (0 —1)1/A-1
0 1/X
— 1
log, (1+ (1(;—_}#1)1/)\_)1 )}7
0 1/
— -1
S )
0 /X
——1
1 —log, (1+ <1(2__g[i)1/>\)1 )D>
Horp
n Y e
1:[1< 9—” 1+ gut _1))A) :
n e \
_11( —1A 1+ eu —1>)A) ’
- (9 1)
:1:[1< *“ Ly (91-vf 1)1)A) ’

o 0= =@ 1) e
9 = H ((9 — 14 (el—viU _ 1)>\> ’
QAT EREAHEE FZEES, A > 0.

ek, 24 N = 1K, IVILFEGWA 81 itk A
IVILFWA 5+, 5 <Cik [28] 248, Bl

IVILFWA (01, o, -+,

gwal

4 XEEBERIES *ﬁﬁFrankhu%ﬁkﬁ?
FiRe:S, dasli) Az
WA = {A,Ag, - AL N—HTREC =
{C1,Cy,---,C} %E‘T@%é,)@‘%ﬂi%w = (w,

wa, -+ wn) T H A w; € [0,1] Y Swy = 1 = 1,2,
j=1

yn). WEFG MM X ) B il S REEME RN R

[aij]mxn- :/H\:EPRZJ = <ST(a )s ([uzLjvuzUj] [05771%]»

(i=1,2,---,m, j=1,2,--- ,n) XA EWEIEF 2

=2EE, %/Tﬂﬁ A AEJBYEC; T IPPAN A, sT(aij)

ES,S:{So,Sl,"' Sg}jj MEF VN RS ik
ESSLEYIE
Step 1: iz A [X [A] H. % 18 & Frank 8 A 3% 5

T (IVILFWA) 8% [X [8] B % 1% 5 Frank JU {73 H T
(IVILFWG) 5 75 R ) J@ YA AT . WA FE R =
[ lmscn FEVES AT BEAT B RN, SR T 5 A W B YEAH oy,
H

= IVILFWA (a1, g, -+, ain) = 3 wjary; =

n

. ([1=10 (1 + T @ -
<S§ w;-T(as;) ([ 8o H(

= j=1

(aii) _ 1)%)}

n

1+ H(GHLU

o)) e
= IVILFWG (1, g, - -+, Qi) =

<Sjﬁ1 (r(ai;)) i’ ([ (
log, (1 + f[ (6" (@) 1)%’)}, [1 ~ log, (1+

Jj=1

ﬁel v — 1)) 1~ log, (14
[0 0m)))

j=1
Step2: MR () IFH A = 1,2, ,n) HE
IR EE(P,), *ETEﬁQ)H‘ﬁA»(i =1,2,---,n)
T RMREFR B H(P) (i = 1,2,--- ,m).
Step 3: *E%EEXSﬁthiﬁﬁ.

5 &~ i

X B T B S 4 AL { Ay A,
Ag, Ay} AT ZUF VP4, AN BLTF 44N T TH #3847 5 #:
C,—HFIT5HEC—HERES A
Cs — BB O3 — A2V SR, X 4T
BN ENw = (0.27,0.33,0.22,0.18). &5
FI X 8] B 518 5 B A S MR E R =
[iilmxn, MR BFRABIES £ s = {s0, 51,
82,83, 84, S5, S J» 2 SR MRPEVEAL &5 F X LA 4 4224
AT ST,

Fik1 R IVILFWA £ 55 7T 5 k.

RFLIRUTT.

Step 1: A48 2 (7) A1 F IVILFWA 4E 552 7 % 4
FER = [vij]msn PSS AT AT SRR 15 207 R A 1)
A TR oy, B



124

= H

5

xR ¥33%

®1 AN ERHNXEERIESITNME

Cy Cy Cs Cy
Ay (ss, [0.1,0.2], [0.6, 0.7]) (s2,10.3,0.4], [0.5, 0.6]) (s5,10.3,0.4], [0.5, 0.55]) (s3,10.1,0.2], [0.5, 0.6])
Ay (s4,[0.3,0.4], [0.5, 0.6]) (s5,10.2,0.3], [0.4, 0.5]) (s3,10.1, 0.15], [0.6, 0.8]) (s4,10.3,0.4], [0.4, 0.5])
As (s5.[0.1,0.2], [0.6, 0.7]) (s4.10.1,0.2], [0.6, 0.7]) (54,10.2,0.3], [0.5, 0.7]) (s4.10.1,0.2], [0.6, 0.7])
Ay (56, [0.4,0.5], (0.4, 0.6]) (53,10.1,0.2], [0.5, 0.6]) (53,10.1,0.2], [0.5, 0.6]) (53,10.2,0.3], [0.5, 0.6])

oy = <S3.65, [80.215, 30.316]7 [50.526, 504614]>7
Qg = <33.12, [50‘2267 30.317]7 [80.465, 50.584]>,
a3 = <83.73, [50.123> 80.223]7 [80.5777 So.7]>7

Qy = (83.81, [80.207, 80.309]7 [80.4717 50.6]>~
Step 2: FIFH (1) 15 o, EABEAE, H
E(a1) = s1.260, E(2) = s1.165,
E(as) = s0.997, E(as) = s1.377.
Step3: W HTE A = 1,2,3,4) 3 1T7H R, 15
Ay = Ay = Ay = Ag, VI AL N ERAEEIER T £
Jrik2  FIFHIVILFWG 51T 8 L.
571800, TR e A B, RS B A R B
TTE2F IR AT AN Ay = Ay = Ay = Ag, W]
A NIRRT R
T SR A AT 2045 ) e DL, AR SR AR
O BE I A4, R I HE P & 5 K AR AR AL, 25 R,
*2.

FR2 RB\AEOENESRHITRLSHF
0 IVILFWA IVILFWG

1.001 Ay > Ay = As = A3 Ay = A = As = A3
14 Ay = A1 = Ay = Az Ay = A1 = Ay = Az
2 As = A1 = A = As As = Ay = As > Az
3 Ay = Ay = Ax = A3 Ay = Ay = Ay = A3
10 Ay = AL = Ay = Az Ay = Ay - Ay > A3
60 Ag = Ay = Ay = Ay Ay = Ay = Ay = Aj
200 Ag = Ay = As = Az Ay Al = A - Az
1000 Ayq > A1 = Ax = A3 Ay = Ay = Ay = As

BT 7 I, B A 6 (132 Ak, S ol AN (] 1) 3 58 7
R R BSHT IR AL, Bl Ay = A = Ay =
As, WIHI AL VPG 73 B

T AN, N T HE R R AR SO TR TV AT AT
P, 12 F SRk [29] H Y X 7] Pythagorean A5 R 1 5 0
U AR 25 IVPFLWA) 57 ok 1t i) 2, 28 1+ 5 7]
fFE(1) = s1s01055.E(a2) = s1uss7r, E(as) =
51.431 138,E(Oé4) = 81.760241, FH AT 0, 22 AR S
TIRAy = Ay = Ay = Az, WHEF 5 R TRl
)77 9% — 8, TSR IE T A8 SO VE AR s
PE. AR ST BT R B 280, Yo 28 v ARG 7K

FH XS B 77 0 588 55 S X 21 Hh 326 98 0 RO BMEL. AR SOk
EE IVPFLWA 5579V £ B i A SR R 1
6 %

Bt X Frank 57 (AT 78 H AT 32 24 th R BB IR
VR 73, 1E 2 J PR U SR A SE 5 T e AL T RS B B
Bt A SCWEFT Frank 5772 X 8] EL3ETE 5 M5 N2
JE R R SR ) A, B R S P A B 18 R 3L

AL E SR AE XA B 1 5 A2 & H Frank 51 1)
it b, € T Prank 55 1E X [A] B 15 5 P58 T
THRA R E S T UM X R B9 1 Frank {5 8
B B, 490 0 X 8] L5 1 Frank AU AR P35 5
T XA B8 5 Frank IiAL LAT-F 81, XA H
A H )T X Frank AU A 57 A 45t 75
TR RA KRN B A SRS RS, R
XS N T A e LR A DA X TR L
ARG M2 R R A .

AR A T7 R E SIS, A2 X B8 RO ok 575
AR, B R SR S, AT DAAR DK B A S bR
% A PR DR SR ) . AR STV AT AR — 5 W H] 2145
WA, KEREH, i, mTEED . 2
(EREIVTERRRINE S Ee s
2 Z 3 #k (References)

[1] Atanassov K. Intuitionistic fuzzy sets[J]. Fuzzy Sets and

Systems, 1986, 20(1): 87-96.

[2] Zadeh L A. Fuzzy sets[J]. Information Control, 1965,

8(3): 338-353.

[3] Zadeh L A. The concept of a linguistic variable and

its application to approximate reasoning[J]. Information
Sciences, 1975, 8(3): 199-249.

[4] XuZS. Uncertain linguistic aggregation operators based
approach to multiple attribute group decision making
under uncertain linguistic environment[J]. Information
Sciences, 2004, 168(1/2/3/4): 171-184.

[5]1 Xu Z S. Group decision making with triangular fuzzy
linguistic variables[C]. Int Conf on Intelligent Data
Engineering and Automated Learning. Berlin Heidelberg:
Springer, 2007, 4881: 17-26.

[6] Herrera F, Martinez L. A 2-tuple fuzzy linguistic
representation model for computing with words[J]. IEEE



%18

HER S RAAKESFrankE R EFRAEAXFPHE A

125

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Trans on Fuzzy Systems, 2000, 8(6): 746-752.

Ju 'Y, Liu X, Yang S. Trapezoid fuzzy 2-tuple linguistic
aggregation operators and their application to multiple
attribute decision making[J]. Soft Computing, 2014,
27(3): 1219-1232.

TR, BTER. BT EHAE SR T 2 N
SRIIVE ). 4515 3K, 2010, 25(10): 1571-1574.
(Wang J Q, Li H B. Multi-criteria decision-making
method based on aggregation operators for intuitionistic
linguistic fuzzy numbers[J]. Control and Decision, 2010,
25(10): 1571-1574.)

Liu P D. Some generalized dependent aggregation
operators with intuitionistic linguistic numbers and their
application to group decision making[J]. J of Computer
& System Sciences, 2013, 79(1): 131-143.

Liu P D, Qi X. Some generalized dependent aggregation
operators with 2-dimension linguistic information and
their application to group decision making[J]. J of
Intelligent & Fuzzy Systems, 2014, 27(4): 1761-1773.

Liu P D, Jin F. Methods for aggregating intuitionistic
uncertain linguistic variables and their application to
group decision making[J]. Information Sciences, 2012,
205(1): 58-71.

Liu P D. Some geometric aggregation operators based on
interval intuitionistic uncertain linguistic variables and
their application to group decision making[J]. Applied
Mathematical Modelling, 2013, 37(4): 2430-2444.
EA. FE T X0 B R S 2 R R ST VAT
FL[D]. Kib: R KSR R, 2012.

(Wang P. Multi-criteria group decision making method
based on interval intuitive language information[D].
Changsha: School of Business, Central South University,
2012.)

Yager R R. On ordered weighted averaging aggregation
operators in multi-criteria decision making[J]. IEEE
Trans on Systems, Man, and Cybernetics, 1988, 18(1):
183-190.

Yager R R. The power average operator[J]. IEEE Trans on
Systems, Man, and Cybernetics — Part A: Systems and
Humans, 2001, 31(6): 724-731.

Yager R R. Prioritized aggregation operators[J]. Int J of
Approximate Reasoning, 2008, 48(1): 263-274.

Wang W, Liu X.
aggregation using Einstein operations[J]. IEEE Trans on
Fuzzy Systems, 2012, 20(5): 923-938.

Hamachar H. Uber
unssharfer

Intuitionistic fuzzy information

logische  verknunpfungenn

aussagen undderen zugenhorige

bewertungsfunktione[C]. Progress in Cybernatics

and Systems Research. New York: Hemisphere Pub

[19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

[27]

(28]

(29]

(30]

(31]

Corp, 1975(3): 276-288.

Frank M J. On the simultaneous associativity of F'(x,y)
and x+y— F(x, y)[J]. Aequationes Mathematicae, 1979,
19(1): 194-226.

Casasnovas J, Torrens J. An axiomatic approach to

fuzzy cardinalities of finite fuzzy sets[J]. Fuzzy Sets and
Systems, 2003, 133(2): 193-209.

Yager R R. On some new classes of implication operators
and their role in approximate reasoning[J]. Information
Sciences, 2004, 167(1): 193-216.

Sarkoci P. Domination in the families of Frank
and Hamacher ¢-norms[J]. Kybernetika, 2005, 41(3):
349-360.

Wang W S, Hua-Can H E. Research on flexible probability
logic operator based on Frank T/S norms[J]. Acta
Electronica Sinica, 2009, 37(5): 1141-1145.

Deschrijver G. Generalized arithmetic operators and
their relationship to ¢-norms in interval-valued fuzzy
set theory[J]. Fuzzy Sets and Systems, 2009, 160(21):
3080-3102.

Qin J, Liu X. Frank aggregation operators for triangular
interval type-2 fuzzy set and its application in multiple
attribute group decision making[J]. J of Applied
Mathematics, 2014(3): 1-24.

Qin J, Liu X, Pedrycz W. Frank aggregation operators
and their application to hesitant fuzzy multiple attribute
decision making[J]. Applied Soft Computing, 2016,
41(4): 428-452.

Zhang Z M. Interval-valued intuitionistic fuzzy Frank
aggregation operators and their applications to multiple
attribute group decision making[J]. Neural Computing &
Applications, 2017, 28(6): 1471-1501.

Zhang X, Liu P, Wang Y. Multiple attribute group
decision making methods based on intuitionistic fuzzy
frank power aggregation operators[J]. J of Intelligent &
Fuzzy Systems, 2015, 29(5): 2235-2246.

Du Y Q, Hou F J, Wasif Zafar, et al. A novel method
for multi-attribute decision making with interval-valued
Pythagorean fuzzy linguistic information[J]. Int J of
Intelligent Systems, 2017, 32(10): 1085-1112.

Liang C, Zhao S, Zhang J. Multi-criteria group decision
making method based on generalized intuitionistic
trapezoidal fuzzy prioritized aggregation operators[J].
Int J of Machine Learning & Cybernetics, 2017, 8(2):
597-610.

Xu Z S. On consistency of the weighted geometric mean
complex judgement matrix in AHP 1[J]. European J of
Operational Research, 2000, 126(3): 683-687.

(Friesit: FTEH)



