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Abstract: Heronian mean (HM) is a useful aggregation operator which is marked by catching the interrelations of the
aggregated arguments and the neutrosophic uncertain linguistic set can be better to express the incomplete, indeterminate
and inconsistent information. In this paper, we combine the Heronian mean and the neutrosophic uncertain linguistic set
and proposed some Heronian mean operators based on neutrosophic uncertain linguistic numbers. Firstly, we introduce
some definition and properties of uncertain linguistic numbers, the single valued neutrosophic set, and some heronian
mean (HM) operators including the generalized weighted Heronian mean (GWHM) operator, the improved generalized
weighted Heronian mean (IGWHM) operator, the improved generalized geometric weighted Heronian mean (IGGWHM)
operator. Then, we propose the single valued neutrosophic uncertain linguistic set by combining the uncertain linguistic
numbers and the single valued neutrosophic set. Further, the neutrosophic uncertain linguistic number improved
generalized weighted Heronian mean (NULNIGWHM) operator and the neutrosophic uncertain linguistic number
improved generalized geometric weighted Heronian mean (NLUNIGGWHM) operator are developed and the properties
of them are analyzed. Furthermore, we develop the decision making methods for multi-attribute group decision making
(MAGDM) problems with neutrosophic uncertain linguistic information and give the detail decision steps. At last, an
illustrate example is given to show the process of decision making and the effectiveness of the proposed method.

Keywords: multiple attribute group decision making (MAGDM); Heronian mean; neutrosophic uncertain linguistic set;
geometric Heronian mean

1. Introduction

Multiple attribute decision group making (MAGDM) problems exists extensively in many fields such as politics,
economy, military and culture. The attribute values in the decision-making problems are usually incomplete, indeterminate
and inconsistent due to the complexity and fuzziness of the real world. Zadeh [1] firstly proposed the fuzzy set (FS) theory
which has a membership function. Based on fuzzy set theory, Atanassov [2, 3] proposed the intuitionistic fuzzy set (IFS)
which added a non-membership function. The intuitionistic fuzzy set is composed of the membership (or called
truth-membership) T,(X) and non-membership (or called falsity-membership) F,(x) , and satisfies the
conditions T, (x), F, (x) [0,1and 0 < T, (x) + F5(x) <1. However, IFSs can merely deal with incomplete information, but
cannot do anything for the indeterminate information and inconsistent information. The indeterminacy (or called
Hesitation degree) is l—TA(X)— FA(x)which is only given by default and cannot be solely expressed in IFSs. With
respect to this situation, Smarandache[4] developed the neutrosophic set (NS) which consists of the
truth-membership T,(x) , falsity-membership F,(x) and indeterminacy-membership IA(x) and the three variables are
independent completely. NS is a generalization of FS and IFS. Now there are many research achievements about NSs.

Wang et al. [5] further proposed a single valued neutrosophic set (SVNS)which is an special instance of the neutrosophic
set by changing the conditions to that T,(x),1,(x),F.(x)<[0,1] and0<Tx(x)+1,(X)+FA(x)<3; Ye [6] proved that the
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cosine similarity degree is a special case of the correlation coefficient in SVNS; Wang et al. [7] proposed the definition of
the interval neutrosophic sets (INSs) in which the truth-membership, indeterminacy-membership, and false-membership
were extended to interval numbers, and discussed some properties of INSs. Ye [8] defined the similarity measures between
INSs on the basis of the Hamming and Euclidean distances, and proposed a method for multi-criteria decision-making
problems.

In real problems, sometimes we can use linguistic terms such as ‘good °, ‘bad ’ to describe the state or performance of
a car and cannot use some numbers to express some qualitative information. However, when we use the linguistic
variables to express the qualitative information, it only means the membership degree belonged to a linguistic term is 1,
and the non-membership degree or hesitation degree cannot be expressed. In order to overcome this shortcoming, Wang
and Li [9] proposed the concept of intuitionistic linguistic set by combining intuitionistic fuzzy set and linguistic
variables. For the above-mentioned example, we can give an evaluation value ‘good’ for the state of the car, however, for
this evaluation, we have the certainty degree of 80 percent and negation degree of 10 percent, and then we can use the
intuitionistic linguistic set to express the evaluation result. Furthermore, Wang and Li [9] proposed intuitionistic
two-semantics and the Hamming distance between two intuitionistic two-semantics, and ranked the alternatives by
calculating the comprehensive membership degree to the ideal solution for each alternative.

The information aggregation operators which are widely applied in multiple attribute group decision-making problems
are a meaningful research scopes. Heronian mean (HM) is a useful aggregation operator which is marked by catching the
interrelations of the aggregated arguments. Beliakov [10] had firstly proved that Heronian mean was an aggregation
operator. On the basis of this, Skora [11,12] further extended to the generalized Heronian means and discussed two special
cases of them. Yu and Wu [13] proposed a generalized interval-valued intuitionistic fuzzy Heronian mean (GIIFHM) and a
generalized interval-valued intuitionistic fuzzy weighted Heronian mean (GIIFWHM) which extended Heronian mean
from dealing with crisp numbers to intuitionistic fuzzy numbers, and some desirable properties and special cases of these
operators were discussed. Yu [14] proposed some intuitionistic fuzzy aggregation operators based on HM, including the
intuitionistic fuzzy geometric Heronian mean (IFGHM) operator and the intuitionistic fuzzy geometric weighed Heronian
mean (IFGWHM) operator, and the properties of these operators were studied.

As mentioned above, the interactions among the attribute values are common in the real decision making problems.
Because Heronian mean operator can cope with the interactions among the attribute values and the neutrosophic set can be
better to express the incomplete, indeterminate and inconsistent information. However, there is no research on the HM
operator under neutrosophic uncertain linguistic environment. Hence, in this paper, we will extend the HM operator to the
neutrosophic uncertain linguistic set, and propose some Heronian mean operators based on neutrosophic uncertain
linguistic numbers, including the neutrosophic uncertain linguistic number improved generalized weighted Heronian mean
(NULNIGWHM) operator and the neutrosophic uncertain linguistic number improved generalized geometric weighted
Heronian mean (NLUNIGGWHM) operator, then applied them to multi-attribute group decision-making problems.

To achieve the purpose, the rest of this paper is organized as follows. In Section 2, we introduces the definition of
uncertain linguistic numbers, the single valued neutrosophic set, and some operators based on heronian mean(HM)
operator including the improved generalized weighted Heronian mean (IGWHM) operator and the generalized geometric
Heronian mean (GGHM) operator. In Section 3, on the basis of uncertain linguistic numbers and the single valued
neutrosophic set, we develop the single valued neutrosophic uncertain linguistic set and operational rules of it. Section 4
proposes some Heronian mean operators for the single neutrosophic uncertain linguistic numbers, such as the
neutrosophic uncertain linguistic number improved generalized weighted Heronian mean (NULNIGWHM) operator and a
neutrosophic uncertain linguistic number improved generalized geometric weighted Heronian mean (NLUNIGGWHM)
operator and introduces some properties and special cases of them. In Section 5, we propose the decision-making
methods based on the NULNIGWHM and NLUNIGGWHM operators. Section 6 shows a numerical example according
to our approach. Section 7 summarizes the main conclusion of this paper.



©CO~NOOOTA~AWNPE

58

2. Preliminaries

2.1 The linguistic set and uncertain linguistic numbers

The linguistic set is regarded as a good tool to express the qualitative information, we can express the linguistic set

by S=(S;, S, ",S,4).and 50(49 =1,2,---,1 =1) can be called an linguistic number, | is an odd value which can

be the values of 3,5,7,9,etc. For example, when | =9, S =(S,,5,,5,,5;,5,,Ss, S, S, Sg) =(extremely poor, very
poor, poor, slightly poor, fair, slightly good, good, very good, extremely good).
Let S;andS; be any two linguistic numbers in linguistic set S, they have the following characteristics [15,16]:
@i)If i>],then Si~Sj ;
(ii) There exists negative operator: Neg(s;) =s;, where j=1-1-1i;
(i) If s, >s;, max(s;,s;)=s;
(iv) If s;<s;, min(s;,s;)=s;.

The continuous linguistic setS = {Sa |a e R+} , Which can overcome the weakness of the loss of information in

the process of calculations, is the extension of original discrete linguistic set S =(s,,S,, :-,S,,) , and

L

S= {Sa lae R+} meets the strictly monotonically increasing condition [21, 22]. Some operational rules are defined as

follows[15,16].

1) Bs=s,; B=0 )
) §;®s; =5, (2)
(3) 5 ®s; =5, (3)
@ (s) =s, n=0 @

Definition 1 [17]. Suppose S =[s,,s,] 1S, 8, € S witha <bare the lower limit and the upper limit of S , respectively,

then S is called an uncertain linguistic variable.

LetS be a set of all uncertain linguistic variables, S, =[S,,;,S,;] and S, =[S,,,S,,] be any two uncertain
linguistic variables, the operational rules are defined as follows [18,19]:

(l) §1 @ §2 = [Sal’ Sbl] (-B [Saz ! sz] = [Sal+a2 ! Sb1+b2] (5)

) §1 ® §2 = [Sal’ Sbl] ®[Sa2 1 sz] = [Salxaz ) Sblxbz] (6)
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(3) A8, = Ay Sl =[S 1011 S140]: 420 ()

(4) (§1 )/1 = [Sal’ sbl]l = [Sal;” ) Sbl/l ]; A>0 (8)

2.2. The single valued neutrosophic set
Definition 2 [5]. Let X be a universe of discourse, with a generic element in X denoted by x . A single valued neutrosophic
setAinX is

A= XTa(0, 1,09, F(0)x € X o
where T, (x) , 1 4(x) and F,(x) are the truth-membership, indeterminacy-membership and falsity-membership function,

separately. For each point X in X, we have thatT,(x), 1,(x), Fa(x) €[0:1],and0<T,(X)+ 1 ,(X) + F,(x) <3.

Definition 3 [20]. Suppose A= {x\(TA(x), 1.(X), Fa(X))|x X} and B = {{|(T5(x), 15(x), Fs (x))|x & X }are two NSs. If and

only if T,(X)<Tg(X) . 1a(X)215(x), Fa(x)=Fg(x) forall X in X,thenA<B.
2.3. Some operators based on heronian mean(HM) operator
Heronian mean (HM) is a useful aggregation operator which is marked by catching the interrelations of the aggregated

arguments [21,22] and can be defined as follows.
Definition 4 [22]: Let1 =01 H:l, -1, if

H g Xse X ) = —-2 PN (10)

n(n+1)4

then H(Xl, OTIARS Xn) is called the Heronian mean (HM) operator.

Definition 5 [21,22]. A GHM operator of dimension N is a mapping, GHM 1" — 1 , so that,
2 n n p+q
GHM P9 (x, X, X ) =| ——— E E xPx§ 1
(l 2 n) n(n+1) =R i 7] ( )

where p,g=0and | = [0,1] . ThenGHM P9 is called the generalized Heronian mean (GHM) operator.

It is easy to prove that the GHM operator has the following properties [23].
Theorem 1 (Idempotency)

Letx, =X forall i=12,---,n then

GHM P9(x;, Xp,--+, X, ) = X. (12)

Theorem 2 (Monotonicity)
Let (x,Xp, -+, %,)and (y;,Y,, -+ Ys) be two collections of the nonnegative numbers, if x; <y; for alli=12,---,n,

then
GHM P9(x, X5+, X )< GHM P(y1, 5, ¥ ). ()

Theorem 3 (Boundary)
GHM operator lies between the max and min operators, a,, =min(X, X, X, ), 8y = MaX (X, X, . X, ), 1.€.

ax

Armin <GHM p'q(xl’XZI""Xn)S Qax (X11X2!"'1Xn)- (14)

4
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Definition 6 [13] Let p,g>0, and x(i =12,---,n)be a collection of nonnegative numbers. W = (w;,w,,---

n
weight vector of x;(i=12,---,n), and satisfiesw; >0, Zwi =1.If
i=1

1
p+g

GWHM P9(x;, Xy, -+, X, ) = ﬁii(wixi)p(wjxj)q

then GWHM P %is called the generalized weighted Heronian mean (GWHM) operator.

Definition 7 [24] Let p,q>0, and X; (i =12,--, n) be a collection of nonnegative numbers. W = (wl,wz,m

n
weight vector of x;(i=12,---,n), and satisfies w; >0 ,Zwi =1.If
i=1

1

n n p+q
Pya
22 wiwx{x

IGWHM P(x,, Xy, -+, X, ) = [H =

L
n n p+q
D> ww,
i=L j=i
then IGWHM P9 is called the improved generalized weighted Heronian mean (IGWHM) operator.
Similar to Theorems 1-3, it is easy to prove the IGWHM P9 operator has these properties [24].
Theorem 4 (Idempotency)
Letx; =x forall j=12,---,n,then

IGWHM P%(x;, Xy, -+, X, )

X .

Theorem 5 (Monotonicity)

w, )" is the

(15)

w, )" is the

(16)

17)

Let (X, Xp,++,X,)and (yy,Yz,+,¥,) be two collections of the nonnegative numbers, ifx; <y; forall j=12,---,n,

then
IGWHM pyq(X]_,Xz:"'an)S IGWHM pyq(yl’ yZ"“'yn)'

Theorem 6 (Boundary)

(18)

IGWHM P operator lies between the max and min operators, au, = (X, Xp, Xy ) 8max = (X, X477+ Xy ) 1.6

in (X0, X477+ X ) S TGWHM P40, Xy, -+, X ) < B (X X777, X ) -

In the following, we can analyze some special cases of the IGWHM operator
(1) When g=0 ,then

(19)
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st

IGWHM PO (x, Xy, -+, Xy ) = 7 (20)
n n
DD ww,
i=1 j=i
Further, when p=1, thereis
n n
ZZWinXi
i
IGWHM ™ (x), X5+, X, ) = (21)
> ww,
i=1 j=i
(2) When p=0, then
1
[ZZWW X9 ]
IGWHM %9 (x, Xp, -+, X, ) =~ a (22)
n n q
DD ww,
i=1 j=i
From here we see that the parameters P and ( don’t have the interchangeability.
(3) When p=q=1,then
1
n n E
et s
IGWHM ™ (x,, Xy, -+, X, ) = ~——— . (23)
n n E
DD ww;
i=1 j=i

Based on HM and GHM operators, Yu [14] propose the generalized geometric Heronian mean (GGHM) operator shown as
follows.
Definition 8 [14] Let p,q >0, and X; (i =12,---, n) be a collection of nonnegative numbers. If

HH(px +0X; )Tl) . (24)

p+q|l]|

GGHM P9(x;, Xy, -+,

then GGHM P%is called the generalized geometric Heronian mean (GGHM) operator.
Similar to GHM operator, the GGHM operator also only takes the correlations of the aggregated arguments into account
and ignores their own weights.

T

Definition 9 [14] Let p,q>0, and x;(i =1,2,---,n) be a collection of nonnegative numbers. W = (w;,w,,---,w, )" is the
n
weight vector of x;(i=12,---,n), and satisfiesw; >0, Zwi =1.If
i=1
IGGWHM P HH( e (25)
Xgs Xyt ey PXi +0Xj ) n(ne1) & -
1 A2 p+q s ;
6
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then IGGWHM P4is called the improved generalized geometric weighted Heronian mean (IGGWHM) operator.
Similar to Theorems 1-3, it is easy to prove the IGGWHM P9 operator has these properties [24].
Theorem 7 (Reducibility).

T
Let W=[131j then
nn n

IGGHM P9(x;, Xy, X, ) = GGHM P%(x;, Xy, -+, X, ) (26)

Theorem 8 (Idempotency)
Letx; =x forall i=12,---,n, then

IGGWHM P(x;, Xy, X, ) = X . (27)

Theorem 9 (Monotonicity)
Let (x,Xp, -+, %,)and (y;,Ya,--- Ys) be two collections of the nonnegative numbers, ifx; <y; for alli=12,---,n,

then
IGGWHM P (%, X5+, X, ) < IGGWHM PA(y,, Yy, ¥y ) (28)
Theorem 10 (Boundary)

The IGGHM P9 operator lies between the max and min operators, ann, = (X, Xz, Xn ) ey = (X, Xp,+, Xy ) 1€,

Arin (X0, X7+, Xy ) S IGGWHM P9 (X, Xy, -+, X, ) < By (X1, X0, X, ) (29)
In the following, we can analyze some special cases of the IGGWHM P9 operator

(1) Whenq =0, then

IGGHM P°(xg, %, %, )= [] J(4) ot & (30)

From here we see that IGGHM P° does not have any relationship with p .

(2) When p =0, then

0 n__n 2(n+1-i) W
IGGHM ®(x,, %, %,)= [ [ [(¢; Voo $u, (31)
i1 j=i el
Similarly, IGGHM % does not have any relationship with q.
(3)When p=(q=1,then
1 1 2 2(n+1-i) W
IGGHM ’(Xl,X2,~~-,Xn)=§HH(Xi+Xj ECe (32)
i=1 j=i k=l

3. The single valued neutrosophic uncertain linguistic set

Definition 10. Let[s,,,,S.,] € S , and X be the given discourse domain, then
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A={xI[5000: 5100} ([0 70, T (O [ xe X} (33)
is called a single valued neutrosophic uncertain linguistic set (SVNULS) where sy, eS,and (%) T(x) and
f(x) are three sets of some single value in real unit interval [01] which express the truth-membership,

indeterminacy-membership and falsity-membership function of the element X to A separately.

Definition 11. LetA:{<X|[Sa’sf]’(fvi~'f)>|X€X} be a single valued neutrosophic uncertain linguistic set, and
a= <[s,9,sr], (t~,i~, f~)> is called a single valued neutrosophic uncertain linguistic number (SVNULN).

Suppose 3, =<[sgl, s, 1, (tl, i, f1)> and a, _<[sgz, s, 1, (tz, i, f, )> are any two single valued neutrosophic uncertain

linguistic numbers, the operational laws are defined as follows:

D) &+& =([s4.0,.5,.., |- (£ +5 €L 0E. fiF,)); (34)
@) 8508 =([540, 5, ) {85 +5 TR o+ T BT)); (3)
@) /151:<[sw1,s1,1]( -t ), (fl)‘j> 2>0; (36)
) 3 =<[sg;,sl]((ﬁ)‘,l—(l—i)‘,l—(l— ﬂf)> 120 37)

Obviously, these operational results are still the single valued neutrosophic uncertain linguistic numbers.
Theorem 11. Let &, = <[sgl, s, 1, (tl, i, f1>> and a, = <[sgz, s, 1, (tz, i, f, )> be any two single valued neutrosophic

uncertain linguistic numbers, the operational laws have the following characteristics.

(1) 4+4&=4,+§ (38)

2 a®a=8Q®4 (39)

() A4, +4,)=A1a +14,,4>0 (40)

@) A& +28 =(4+24)a, 44 20 (41)

(5) &*®a"=(a)*"*, 4,4 20 (42)

(6) &"®4a"=(4®4§,)", 4>0 (43)
Proof:

(1) Formula (38) is obviously right according to the operational rule (1) expressed by (34).
(2) Formula (39) is obviously right according to the operational rule (2) expressed by (35).
(3) For the left hand of (40), we have

4 +4, = <|:Sal+02 P — ]‘(fl +f2 _f1f2 vﬂrzi f~1f~2 )>
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then

Aa+4)= <[Sﬂ(al+ez)’Sz<r1+fz)]’(1‘(1‘fl +&-E8) (i) (ER) )>

and for the right hand of (40), we have,
Aay :<[swl,sbl],( 1- t1 (Il)/1 (fly)> A4, :<[swz,shz](l—(1_f2)*,(TZ)A ,(fz)‘)>

then j*51 +A~a~2 = <[S/wl+/102 ' Sﬂ.rl+ﬂ.72 :‘1(]-_(]-_{1)}~ "’l_(l_fz)/1 _((1_(1_'{1)1)(1_(1_{2)& ))’ i&i'zlv ]?1/1 f~2/1 )>

A8, + A8, = <[SA(91+92)’Sﬂ(mrz)]’(l_(l_fl +5, -t )1 '(EFZ )ﬂ ’( ff, )i )> '

so, we have (&, +4,) =14, + 24,2 >0. i.e., formula (40) is right.
(4) Similar to the proof of (40), it is easy to prove the formula (41) is right. The proof is omitted here.
(5) For the left hand of (42), we have

b DA ], b7
then, 3, ®&," :<[5931”‘2 .S v ]( 6 -1 ) - (i) ((1—(1—?)““](1—(1%)‘2 D
1-(-f) +1-0- 1) —((1—(1— ﬂyjj(l‘(l‘ ﬁ)ﬂ?m>

1 1

5121 ® 5112 = <|i3011+22 |ST)»1+;LZ :l’((ﬂ)llﬁz ,1_(1_ ili);tlﬂz ,1— (1— 'f;);ﬂMZ )> .

and for the right hand of (42), we have,

5131“2 = <I:SH;4M‘2 f Srlmlz :|* [(EJ'. )/11”'2 NS (1— E)Aﬁlz d— (l— Fl)}%ﬂz ]> .

1

So,we haved,” ®, & =&, 4, 20,4, >0.ie. formula (42) is right,
(6) Similar to the proof of (42), it is easy to prove the formula (43) is right. The proof is omitted here.
Definition 12. Suppose & =<[sgl, s, 1, (tl, i, f )> is a single valued neutrosophic uncertain linguistic number, then the

expectation value E(3;) of & can be defined as follows.
~ 1 . . =
E@) = 5 X2+t -1 —f)x Sz = 5(91+T1)x(2+f1—g-f”)/6 (44)

Definition 13. Suppose &, =<[sgl,s,1],(t~1,ﬂ, f~1)> is a single valued neutrosophic uncertain linguistic number, then the
accuracy function H(a;) of & can be defined as follows.

H (51) = (fl +i~1 + fl) x S(ﬂl+f1)/2 = S(Hl+r1)><('f1+i_1+f_1)/2 (45)
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Definition 14. Let 51=<[s,91,sr1],(t~1,ﬂ,f~1)> and 52=<[sgz,srz],(t~2,fé,f~2)> be any two single valued neutrosophic

uncertain linguistic numbers, then
(1) ifE(a;)) > E(@,), then a »a,;
(2) ifE(a;) =E(a,) , then
ifH(@)>H(a,),then a =a,;
IfH(3;)=H(a,),then a =a,.

4. Some Heronian mean operators based on the single valued neutrosophic

uncertain linguistic variables

In this section, we will extend the IGWHM and IGGWHM operators to aggregate the single neutrosophic uncertain
linguistic variables, and propose a neutrosophic uncertain linguistic number improved generalized weighted Heronian
mean (NULNIGWHM) operator and a neutrosophic uncertain linguistic number improved generalized geometric
weighted Heronian mean (NLUNIGGWHM) operator which can be described as follows.

4.1 The NULNIGWHM operator

Definition 15. Let p,q>0, and &, =<[s¢9i ,sri],(ﬂ,f, f~,)> (i=12,---,n)be a collection of the single valued neutrosophic

n
uncertain linguistic numbers. W = (w;,w,,---,w, )" is the weight vector of (i =12,---,n),and satisfiesw; >0, ZWi =1.
i=1l

If

NULNIGWHM P%(3,,&,,---,a, )= = (46)

then NULNIGWHM P9 is called the neutrosophic uncertain linguistic number improved generalized weighted Heronian
mean operator.

Theorem 12. Let p,q>0, and 3 =<[s(9i ,s,i],(-,ﬁ, f~,)> (i=12,---,n)be a collection of the single valued neutrosophic

uncertain  linguistic numbers. W =(wy,W,,---,w,)’ is the weight vector of &(i=12---,n) , and

n
satisfies w; >0 ZWiZJ. , then the result aggregated from Definition 15 is still a NULN, and
i=1

EE ]
LI g |P*d
33wt
o N T
NULNIGWHM P9(a,,8,,--,&, )= | ——— =( |s 1,8 1,
na p+q nan p+q
ZZWIWJ Eljzﬂw,wj(ﬂ,“raf) E;“Ew,w](r,“rr?)
=1 j=i > iw,wj ; iwiwj
L i=lj=i i=lj=i i
10
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1{1{11[11_[(1(1%})"(1 e J”T @

Proof
soir & =(byos J (P 261727 ) -
o 038 =[5 S Jo- bGP

(17T ) (- R R ) J>

—

[I10-bear) TF 7P o)) }>
=l j=i i=1 j=i
1 n n g
#Zzwiw'ai =15 1 &8 p q's 1 <% o |
ZzWin i=L j=i ] i ii.Winj%:;Winﬁi 05 ii.Winééwinri 7
i1 ji =i Hia
i o
i=l j=i
T [ e
i=l j=i i=l j=i
11
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1
n n .. p+q
2D iw;aa]
el £
and |- ’n'n = s, .. yprarS, vpea b
Z:Z:w,wj %:;W'W’g' o ;jZ:iZW.W,r."r‘,‘
i=1 j=i %iw,wl %iwle
i=1j=i i=1j=i
1 VP 1 1/p+q
n n - - \W; W iiW-W n n _ _ W;Wj iiww
- TITTe-@PEFS™ 5 | o TITT(-b-iPeF) - 22
=1 i=1 j=i
1 Ip+q
n n ~\p ~ Wi W Zn:zn:ww
1-{1- (1—(1— f) (1—fj)) > 2w
i=1 j=i
1
n 1

SO, NULNIGWHM pvq(a]-’az’...,an): i=1 :_l:I =

S 1,8 1 1_[ﬁﬁ@_ﬂpt~jq)WinJ%j§:iWiwj |

ZZW,WJ-(Hi”+9?) P ZZwiwj(ripH?) pra i=1 j=i
iji i
nn nn
LWiWj Z X WWj
i=lj=i i=Llj=i

which completes the proof of theorem 12.
The NULNIGWHM operator has the properties, such as idempotency, monotonicity and boundedness.

Theorem 13. (Idempotency) .
Letall 3 =a foralli (i=12:---,n), then

NULNIGWHM P4(3,,a,,---,&, )= a. (48)

12
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Proof

Sinceall 3, =a= <[sg,s,],(t~,i~, f~)> foralli (i=12,--,n), then we have

NULNIGWHM " (&,,4,, -4, ) =

s

Theorem 14.(monotonicity)

Let & =<[s@,s,i],(ﬁ,7,f~i)> and ai*:<[S*9i,5*ri],(E*i,r*i,F*i)> (i

all i (i=12,--,n), then

NULNIGWHM P9(3,,a,,--,a,) < NULNIGWHM (@ 1,3 2,---,

Proof

Q) Sincesgi <s¢g,S, <s., then,salp <s 6718, SSriq, Sgpea SSQPTF, S

Y —

S

=

1ys

% iwiwj(r"ﬁq)

i1jsi

{% i ww; (9"+9“)

% 3 ww,

=i

N

S n n S S n n ) S n n S S n n
ZZWinBipriq ZZWineipTiq ZZW,WJHipriq ZZW,WjH|p1|
it i i i g

n n n n
>3 >3

2 % ww;

==

1 %Hq

%iwiwj

iAj=i

(2) Firstly, since t <t forall i,and p,q>0, thenwe can get

EPEO <§PE, 15 P 21T PE

n n e \ww n__n e~y W
TTITe-r )™ =TT [5G )™ and
il i

i1 j=i

13
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n n

1 1
{11[1—[(1_ t~, pt~jq )win Jgiwiwj > [ll[H(l_ E*pﬂ*q )win- }%Jﬁiwiwi then,

i=1 =i s
1

T

s, {1[1i[1fi[(1t,pth) Jzz Wq{l[liﬂi[(lE*Pﬂ*q)wwl]%ﬁlw““'}m

Secondly, since i > forall i andp,q>0, ,{-F) (1 | )q and (1T s(l—Tj*)q

bR <b-i oS HH 16T HH[1<1 P-p)™
[Il[lj(l—(l— l.)"(l—r,)‘*j"““}m% [Hn(l(l (52) J

Sy RS SRl (NEE R
Hﬁllﬁ,@(ﬁ)"( : J)“jww’}%?tvwl J {%ﬁl,ﬁ.ﬂl@ - E*)q)wwj]zh;ww, }
“ (1<1a>p<1u>q)ww'}%ﬁ?w' J“ b7 TJ*)q)WW,F;WJ J
Thirdly, similar with the previous step, We1 can prove that |

| IR REE S | | (RS

According to (1)-(2), we can get

1 1/ p+q
n n n n
S L:S 1 1—{HH(:|__'t}'p't“jq>Win];jZ_i:wiwj ,
{ZZWW (Hng)}P [i%wiwj (Tipﬂ?)]pw L .
i

n n
2 2WW;
i=Lj=i

2 X ww
i=1j=i

14
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(=Y
|
T
/N
—
=
N
T
=
il
o
=
il
o
——
=
=
N——
M-
-
=
=
[E=Y
|
T
—
VR
i
0
-
N —
o
0
il
o
~—
=
=
N——
1M
-
=
=
[\

S*n L’S* Ll l_[HH<1_E*pﬂ*q)Win\JgéWin ’

n ——
pLpa)|PHa nn

%;wiwj (ﬁi +0; ) s E_Mwi(’ip+’?] p+q
Ll i=1j=i

i.e. NULNIGWHM(3;,3,,---,a,) < NULNIGWHM(@ 1,a 2,---,a n) , which complete the proof of theorem 14.

Theorem 15. (Boundary).

The  NULNIGWHMP®  operator lies between the max and min operators:
Amin =MiN@y, a5, -, a,), Arey = Max(3;,a,,-+,a,) , then
iy < NULNIGWHM(3;,3,,-+,8,) < Ay - (50)
Proof

Since a,, <a, based on theorems 13 and 14, we can get
8., < NULNIGWHMP9(@",3"2,---,a"n)

and then &, >a, NULNIGWHM(a;,a,, -+, 8,) < arpx -
0, anyin < NULNIGWHM(a,,3,,-+,a8,) < 8y » Which complete the proof of theorem 15.
In the following, we will discuss some special cases of the NULNIGGWHM operator in regard to the parameters
pandq.
(1) when p=0, then

NULNIGWHM *“ (&,,4&,,---,&,)={ |s

i=1j=i

{% i wWw; (1+6? )J

n n
2 X ww;
i1jsi

15
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e

i=l j=i

(2) whenq =0, then

NULNIGWHM P (3,,a,,---,a,

(3) when p=qg=1, then

NULNIGWHM™(3,,3,,---,a,)

S

1 VA

%iWin

iAj=i

4.2 The NULNIGGWHM operator

Definition 16. Let p,q>0, and & =<[s(9i ,s,i],(ﬂ,f,

1 1p
igjwiwj(eihl) P %iwiwj(ﬁﬂ) P
i=j=i i=Lj=i
i iwiwl i i.WiWJ
i=1j=i i=1j=i i
1 Ve
n n 0D n n 3
FIITe-aer 5 | oo TIrT-6oor)™
=1 j=i i=1 j=i
1 Ve
n__n -~ Wi | S S
1-|1- (1—(1— f )pj L AR
i=1 j=i
1,8 1,
anlZWin(H.Hg,) 2 %jZWiwj(r,Jrrl) 2
=)= i=1j=i
) iWin > iWin
i=1j=i i=lj=i i
1 % 1 %
nn n n n n
ARy T (X R
i=1 j=i

f~,)> (i=12,---,n)be a collection of single neutrosophic uncertain

16
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linguistic numbers. W = (w;,W,,---,w, )’ is the weight vector of &(i=12,---,n), and satisfies w, >0, ZWi =1.If
i=1

W

2(n+1-i) w;
NULNIGGWHM P4(a,,a,,---,a a; +0a; 4 54
(1 2 D+QEIH(p ga; ) n1)Z (54)

k=i

then NULNIGGWHMPY is called the neutrosophic uncertain linguistic number improved generalized geometric
weighted Heronian mean (NULNIGGWHM) operator.

Theorem 16. Let p,q>0, and & =<[s€ S 1\t ( | )> (i :LZ,---,n)be a collection of the single valued neutrosophic

uncertain linguistic numbers. W =(w,,W,,---,w,)" is the weight vector of &(i=12---,n) , and

n
satisfiesw; >0, Zwi =1, then the result aggregated from Definition 16 is still a NLUN, and
i=1

NULNIGGWHM P9(a,a,,---,a p+qHH(pa +a, )Tl))z -
i=l j=i

k=i

2(n+1-i) w;j }/p+q
s s 1-|1 fﬂl[ﬁ a-tPe-t )" S (55)
71’[1‘[(1)6 +90; 'zé?rﬁll)) - —ﬁ]ﬂ[(pr +q7; A 5 p 1 J (= )

1
P+Qitj- Iu P et P =l =i
n_n 2(n+1-i) }/p+q n_n 2(n+1-i) }/p+q
1| RICECEE N RIS § 1§ (AR
i=1l j=i k=i i=1 j=i k=i

The proof is similar with the theorem 12, and it is omitted here.
Similar to Theorems 13-15, it is easy to prove the NULNIGGWHM operator has the following properties.

Theorem 17. (Idempotency) .
Letall 3 =a forall i (i=12---,n), then

NULNIGGWHM P9(&,,3,,---,a, )= a. (56)
Theorem 18. (Boundary).
The  NULNIGGWHMPY  operator lies between the max and min operators:
Amin =MiN@y, a5, -, a,), Arex :max(al,az,-u a,), then
a,in < NULNIGGWHM(3;,ay, -+, a,) < By - (57)

Theorem 19.(monotonicity)

Let & = <[sgi ,s,i],(ﬂ,ﬁ, ﬂ)> and & =<[s*ai . ],(f*i,i-*i, 5 )> (i=12,--,n) be two collection of
neutrosophic uncertain linguistic fuzzy numbers, and if Sy, ) <5 0(a).Sra) <5 v(a), § <& .6 >4, and f; > f7, for all

i (i=12,--,n),then

17
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NULNIGGWHM (3,,a,,---,a,) < NULNIGGWHM (31, 2,---,a n) . (58)

In the following, we will discuss some special cases of the NULNIGGWHM operator in regard to the
parameters pandq.
(1) when p=0, then

NULNIGGWHM%(a,,a,,---,a,)=( | s s -
! ! ' 1nn 2(n+1-i) Wi 199 n 2(n+1-i) Wj ’
a.l;l“n:.(qgl n(n+1) él‘"’k a.l:l“n:.(qrj n(n+1) él""k

T ™ 5 T

n_n _ \2n+1-0) w; }/
{1—1_[1_[(14,9)%%%} q (59)

(2) whenq =0, then

NULNIGGWHM P°(a,,a,,--,a,)=( |s. , , o) wi +Sy dveat) wj |

1 2(n+1-i) non
Eil;[ljl_:li(pei) n(n+1) él‘"’k pgg(pr,) n(n+1) élwk

2(n+1-i) w;j }/P

T |

n n — \2(n+1-i) W %)
[1_1—[1—[(1_ R J (60)
i=1 j=i =
(2) wheng=p=1, then
NULNIGGWHM™(a,8,,---,a,)={( | s. , , i wi 2S. i) Wi b
P oo Vit 1 e Vo
i=lj=i i i=l j=i i
2(n+1-i) w;j }/2 ( ) }/2
n n _ _ n(n+l) n n n _— 2(n+1-i WJ
- TTT6-6-06-8)"" £ |- T[T6-T5) o g, |
i=1 j=i i=1 j=i P
18
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n n n+1— Wj

1T [e-FF, )WZ (61)

|—l j=i

5. The decision-making methods based on the NULIGWHM operator and

NULIGGWHM operator

In order to strengthen the efficiency of this decision-making, we can make several experts participate in the
decision-making under neutrosophic uncertain linguistic fuzzy environment.
Considering the multiple attribute group decision making problems with neutrosophic uncertain linguistic fuzzy

information described as follows. Let A={A,A,,---,A,} be a set of alternatives, and C ={C,,C,,---,C } be the set
of attributes, and W ={w,,w,,---,w,} be the weight vector of the attribute C,(j=12,--,n) , where

W, 20,j=12-n ,Z?:le =1.Let D={D;,D,,--,D,} be the set of decision makers, and 1 =(4,4,,---4 ) be the
t

weight vector of decision makers D,(e=12,---,t), where 4, >0, lee =1. Suppose H €) - [hij(e)]mxn are the decision
e=1

matrices where h <[s€ : )] (fij(e),ﬁj(e), ]?”(e))> takes the form of the single valued neutrosophic uncertain linguistic

variables given by the decision maker D, for alternative A with respect to attribute C; . Then, the ranking of alternatives is

finally acquired.
The methods involve the following steps:
Step 1. Utilize the NULIGWHM operator

h© = NULIGWHM(®) 16, 1) (62)
or NULIGGWHM operator
R© = NULIGGWHM ), 1), 1) (63)

to get the comprehensive attribute values of each alternative for decision maker D, .
Step 2. Utilize the NULIGWHM operator

ﬁi - NULIGWHM(I’Ti(l),ﬁi(z),---,ﬁi(t)) (64)
or NULIGGWHM operator
iy = NULIGGWHM (R, K2, 0 (65)

to aggregate the evaluation values of the single decision maker to the collective comprehensive values for each
alternative.
Step 3. Calculate the value E(h;) of h; .

Step 4. Rank h; (i =12,--, m) in descending order according to the comparison method of INULNS described in Definition
14,

19



©CO~NOOOTA~AWNPE

Step 5. End.

6. A numerical example

In this section, we will provide an example to illustrate the application of IULFPEWA and IULFPEWG operators.
Suppose that an investment company wants to invest an amount of money to a company. There are four candidate

companies A (i =1,2,3,4) evaluated by three decision makers{D;, D,,D;}. The weight vector of the decision makers

isl:(0.314,0.355,0.331)T, and the considered attributes include: C, (the risk index) ,C, ( the growth index),C; (the

social-political impact index), and C, (the environmental impact index). Suppose the attribute weight vector

isw= (0.4,0.20,0.40)T .The three decision makers{D;, D,, D;}evaluate the four companies A (i =1,2,3,4) with respect to

the attributes C; (j =12,3) by using the neutrosophic uncertain linguistic variables (suppose that the decision makers use

linguistic term setS =(s,,S,,S,,S;,S,, S, S5) 10 express their evaluation results) and construct three following decision

matrices H ®) = [hij(e)]4x4 (e =1,2,3)as listed in Tables 1-3.

Table 1. Decision matrix H

@

C1

Cc2

C3

Al

A2

A3

A4

<[Ss,S:],(0.265,0.350,0.385)>
<[S4,55],(0.345,0.245,0.410)>
<[S3,54],(0.365,0.300,0.335)>

<[Se,S6],(0.430,0.300,0.270)>

<[S,,S5],(0.330,0.390,0.280)>
<[Ss,Ss],(0.430,0.290,0.280)>
<[S.,S4],(0.480,0.315,0.205)>

<[S,,S3],(0.460,0.245,0.295)>

<[Ss,S6],(0.245,0.275,0.480)>
<[S3,54],(0.245,0.375,0.380)>
<[S.,S:],(0.340,0.370,0.290)>

<[S5,S.],(0.310,0.520,0.170)>

Table 2. Decision matrix H

@)

C1

C2

C3

Al

A2

A3

A4

<[S5,5.],(0.125,0.470,0.405)>
<[Ss,S6],(0.355,0.315,0.330)>
<[S.,S5],(0.315,0.380,0.305)>

<[Ss,S5],(0.365,0.365,0.270)>

<[Ss,S4],(0.220,0.420,0.360)>
<[S5,S4],(0.300,0.370,0.330)>
<[S.,S.],(0.330,0.565,0.105)>

<[S.,S:],(0.355,0.320,0.325)>

<[Ss,S.],(0.345,0.490,0.165)>
<[S4,S5],(0.205,0.630,0.165)>
<[S5,S5],(0.280,0.520,0.200)>

<[S,,S:],(0.425,0.485,0.090)>

Table 3. Decision matrix H @)

C1

Cc2

C3

Al

A2

A3

<[Ss,S:],(0.260,0.425,0.315)>
<[S.,S5],(0.270,0.370,0.360)>

<[S4,54],(0.245,0.465,0.290)>

<[S3,54],(0.220,0.450,0.330)>
<[Ss,S5],(0.320,0.215,0.465)>

<[Ss,S5],(0.250,0.570,0.180)>

20

<[S.,S5],(0.255,0.500,0.245)>
<[S5,S5],(0.135,0.575,0.290)>

<[S,,55],(0.175,0.660,0.165)>
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A4 <[S5S.],(0.390,0.340,0.270)>  <[S5,S],(0.305,0.475,0.220)>  <[S,,Ss],(0.465,0.485,0.050)>

6.1 The decision-making method based on NULIGWHM operator
Step 1. Get the comprehensive attribute values of each alternative for decision maker D, by the NULIGWHM operator in

Eq.(62).(suppose q = p =1)

W= <[5, 406 53046 (0.269,0.324,0.401)>, h = (0.322,0.303,0.373)>,

<[s3320:52717]

Rl = 1,(0.376,0.330,0.291)>, h{=

<[s, 810153146 1,(0.388,0.369,0.229)>,

<[s595353.74

1) = <[5, ge, 3056 1(0.240,0.469,0.283)>, A= 1,(0.287,0.438,0.253)>,

<['s5462:S2830

h3( )

2= <[5, 17,5,55]:(0.303,0.466,0.218)>, h?=

<[5 043 S 0451(0:389,0.403,0.188)>,

= <[5, 395, 90](0:251,0.459,0.287)>, h{®)= 1,(0.227,0.412,0.347)>,

<['83.049:53.156

h{®= (0.218,0.558,0.214)>, h ,(0.408,0.420,0.144)>.

<[s5470:S2847] = <[s,437,52818]

Step 2. Get the collective comprehensive values for each alternative by the NULIGWHM operator in Eq.(64).(s

uppose = p=1)

by = <[5, 35 5,.4611:(0:250,0.422,0.323)>, h, =<[s, .55, ,7,1:(0.276,0.389,0.323)>,

S2472

My = <[5, 45, S5 305 1:(0-298,0.453,0.243)>, N, =<[s, 5,5, 43,1,(0.391,0.402,0.189)>

S2434]
Step 3.Calculate the value E(h;) of h;.

E(hy) =S12080 E(My) =S1255: E(h3) =51236, E(hy) =81427-
Step 4. Rank hi(i=1,2,~~,m) in descending order according to the comparison method of INULNSs described in
Definition 16.

So, E(hy) > E(hy) > E(hg) > E(hy) .

i.e., A, isthe bestchoice.

Step 5. End.

6.2 The decision-making method based on NULIGWHM operator
Step 1°. Get the comprehensive attribute values of each alternative for decision maker D, by the NULIGWHM operator

in Eq.(63).(suppose 4 = p=1)

hl(l): <[SA.245’84.463]’(0'274’0'333‘0'394)>’ 52(1): <[SZ.644’83.652]’(0'326'0'308’0'365)>’

h{t 1.(0.385,0.331,0.284)>, h® 1,(0.390,0.373,0.240)>,

) — _
= <[ S3.9341 Sa945 = <[ S43261 S5.329

hl(Z): <[84,2451S4.643]’(0'22110-46410-307)>1 h2(2): <[52.938!53.958]’(0'279’0'459‘0'270)>’

h ()

2= <[, 40 Sy495]:(0-306,0.488,0.217)>, h?

= <[, 3,41 S, 14 1(0.384,0.400,0.220)>,

21



= <[5, oS, 01(0.247,0.461,0.293)>, hfP= <[s 1,(0.225,0.413,0.364)>,

4.556! 4 957

h(3)_

= <[, 01 S95,(0:218,0.572,0.216)>, hyP)=

= <[S, 415, S3.451:(0.393,0.435,0.178)>.

Step2’. Get the collective comprehensive values for each alternative by the NULIGWHM operator in Eq.(65)(su
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pposeq=p=1).

hy = <[S, e Sy 46, 1:(0-247,0.422,0.382)>, by =<[s

hs = [53177' 4.035

Step 3’. Calculate the value E(h;) of h; .

1,(0.298,0.470,0.239)>, h, =<[s

3.747! 4601

3.442) 4282

E() =S50200 E(h2) =52150: E(hs) =S1900, E(hy) =5;28,-

Step 4. Rank h(i=12,--,
Definition 16.

So, E(hy) > E(hy) > E(hy) > E(hy) .

i.e., A, is the best choice.
Step 5°. End

1,(0.275,0.397,0.333)>,

1,(0.389,0.403,0.213)>

m) in descending order according to the comparison method of INULNSs described in

6.3 The influences of the parameters p, qon the decision-making problem

Table 4 Ordering of the alternatives by the different parameters p and ¢ in NULIGWHM operator

p.q E(h) ranking

p=0,q=1 E(h) =s3135 » E(N)=S,045 » Ap = A=Ay = Ay
E(hs) =s2687: E(h4) =S3564-

p=0,g=21 E(h) =s2285 »  E(Ny)=55179 » Ap=A =Ry = Ay
E(hs) =Ss1940, E(h4) =S3575-

p=0,g=22 E(h) =s2074 » E(N)=55173 » Ap = A=Ay = Ag
E(hs) =S1933, E(hy) =S;550-

p=0,q=10 E(h) =S50 »  E(Ny) =S5675 » Ay =P~ A=A
E(hs) =S3429. E(h4) =S3000-

p=1qg=0 E(h) =s3083 » E(hy) =S3545 » Ay= Py =P - A
E(hs) =s3247, E(hy) =S3g63-

pP=2,q=0 E(h) =52201 »  E(hy) =S;645 » Ay= Py = A=A
E(hs) =S3342. E(hy) =S3926-

p=10,9=0 E(h) =5:610 + E(hy) =528g9 » Ay =P = A - Ag
E(h;) =Sz548: E(Ny) =S3378-

p=2q=1 E(h)=51120 +  E(Nz) =510z » A=A =P - A
E(hs) =s1166: E(hs) =S1348-

p=10,9=1 E(h)=51088 » E(h2)=5,167 » Ay =P = A=A
E(hs) =S1962: E(h4) =S2500-

p=1lg=2 E(h) =s1120 » E(h2) =51137 » Ay - A=A - Ag
E(hs) =s1100, E(hy) =S1305-

p=1q=10 E(h) =s1950 »  E(hy) =S3035 » Ay - A=A - Ag
E(hs) =s1880: E(h4) =S3274-
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p=lq=1 E(h) =s1208 »  E(M2) =S1255 » A=A =P - A
E(hs) =s1236: E(hy) =S1427-
Table 5 Ordering of the alternatives by the different parameters p and ¢ in NULIGGWHM operator
P.q E(h) Ranking
p=0,q=1 E(h) =503 +  E(h2) =51783 » A=A =Ry = Ag
E(hs) =s1510, E(hy) =S3166-

p=0q=2 E(h) =s2014 +  E(h2) =S1749 » Ap A=Ay - Ay
E(hs) =S1404, E(hy) =S3150-

p=0,q=10 E(h) =s1g65 »  E(M2) =S1561 » A=A =R - Ay
E(hs) =s1380, E(hs) =S;014-

p=0.0L9=0 E(h) =s1924 »  E(h2)=S;445 » A=Ay - A= A
E(hs) =s3151, E(hy) =S;435-

p=19=0 E(h) =s1912 »  E(hy)=53423 » A= A=A - A
E(hs) =s3127. E(h4) =S3415-

p=20q=0 E(h)=51809 » E(N2)=S23040 Ay =Py =P - A

E(hs) =S2009: E(hy) =S53041-

p=2q=1 E(h)=51082 » E(h2)=55210 » Ay= A=A - A
E(hs) =S1972: E(h4) =S2306-

p=1q=1 E(h) =52020 +  E(Ny) =S150 » Ay - A=A - Ag
E(hs) =Ss1.900: E(h4) =S2287-

p=10,q=1 E(h) =s1822 »  E(h2) =Sz073 » A=A =P - A
E(hs) =s1802: E(h4) =S2240-

p=lg=2 E(h) =s2002 +  E(Ny) =55085 » A=A -A - Ag
E(hs) =s1834: E(h4) =S3243-

p=1q=10 E(h) =s1878 »  E(N2) =S1649 » Ap = A=Ay = Ag
E(hs) =s1471 E(Ny) =S;035-

According to the Tables 4 and 5, the ranking results may be different for the different parameter values p,qin
NULIGWHM and NULIGGWHM operators. In general, the best alternative is always A, in two tables. We can take the

values of the two parameters as p =q =1, which is not merely intuitive and simple but also takes the correlations of the

aggregated arguments into consideration completely.

7. Conclusions

The MAGDM problems widely exist in real decision making, and the aggregation operators are the important tools
these problems. Especially, Heronian mean (HM) can catch the interrelations of the aggregated arguments. In addition, the
neutrosophic uncertain linguistic set can be better to express the incomplete, indeterminate and inconsistent information. In
this paper, we proposed the neutrosophic uncertain linguistic numbers by combining neutrosophic set and uncertain
linguistic variables, and developed some Heronian mean operators on the basis of neutrosophic uncertain linguistic
numbers, included the neutrosophic uncertain linguistic number improved generalized weighted Heronian mean
(NULNIGWHM) operator and the neutrosophic uncertain linguistic number improved generalized geometric weighted
Heronian mean (NLUNIGGWHM) operator and discussed the properties of them in detail. In the meantime, we studied
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the some special cases in consideration of the values of pand q. Moreover, we developed two methods which have the
advantages that they can take the correlations of the attributes into account fully to deal with the multi-attribute group
decision making (MAGDM) problems under neutrosophic uncertain linguistic number environment. We also gave a
numerical example to show the steps of the proposed methods and to discuss the influences of different values of pand q
on the ranking results. In the future research, we can extend the application scopes of the proposed operators to other
fields such as option of sponsors, science-technology assessment, the performance evaluation, and so on.
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