l | ) Journal of Industrial Intelligence E ncnnlore

https://www.acadlore.com/journals/JII

Interval-Valued Picture Fuzzy Uncertain Linguistic Dombi |
Operators and Their Application in Industrial Fund Selection

Check for
updates

Chiranjibe Jana*”, Madhumangal Pal®,

Department of Applied Mathematics with Oceanology and Computer Programming, Vidyasagar University,
721102 Midnapore, India

* Correspondence: Chiranjibe Jana (jana.chiranjibe7 @ gmail.com)
Received: 05-13-2023 Revised: 06-15-2023 Accepted: 06-20-2023

Citation: C. Jana and M. Pal, “Interval-valued picture fuzzy uncertain linguistic Dombi operators and their applica-
tion in industrial fund selection,” J. Ind Intell., vol. 1, no. 2, pp. 110-124, 2023. https://doi.org/10.56578/jii010204.

© 2023 by the authors. Published by Acadlore Publishin% Services Limited, Hong Kong. This article is available for free download
and can be reused and cited, provided that the original published version is credited, under the CC BY 4.0 license.

Abstract: This study presents an advanced generalization of uncertain linguistic numbers (ULNs) and interval-
valued intuitionistic uncertain linguistic numbers (IVIULNs) through the development of interval-valued picture
fuzzy numbers (IVPFNs). Firstly, the IVPFUL weighted average and IVPFUL weighted geometric operators, denoted
as IVPFULWA and IVPFULWG, have been introduced. Furthermore, the IVPFUL Dombi weighted average and
geometric operators, represented by [IVPFULDWA and IVPFULDWG, are also proposed in the same context. These
operators are utilized to establish a multi-attribute decision-making (MADM) approach with IVPFUL data. Finally,
the proposed methodology is applied to a mutual fund selection problem through a demonstrative example.

Keywords: Interval-valued picture fuzzy numbers(IVPFNs); Uncertain linguistic numbers (ULNs); IVPFULWA
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1 Introduction

The property of “refusal” is a crucial aspect that cannot be represented by traditional fuzzy sets (FSs) such as
FSs [1] and IFS [2]. In response to this limitation, Coung [3, 4] introduced a novel concept called picture fuzzy
sets (PFSs). Due to their significance, numerous researchers have endeavored to enhance the PFS concept and apply
it to real-world decision-making processes. Efforts have been made to develop appropriate mathematical models
that integrate various preferences of decision-makers into a collective preference for processing decision-making
information. In this context, Wei [5] proposed picture fuzzy weighted average (PFWA), order (PFOWA), hybrid
(PFHWA), geometric (PFWG), order weighted geometric (PFOWG), and hybrid weighted geometric (PFHWG)
operators. Wei [6] and colleagues further developed generalized picture fuzzy aggregation operators based on
the Hamacher operation, including PF Hamacher weighted aggregation, correlated weighted aggregation, induced
correlated aggregation, prioritized aggregation, and power aggregation operators. Khan et al. [7] focused on
examining logarithm PF weighted averaging, order weighted, hybrid weighted operators, as well as logarithm PF
weighted geometric, order weighted, and hybrid weighted geometric operators. PF Dombi weighted averaging
(PFDWA), PF Dombi order weighted (PFDOWA), PF Dombi hybrid Theweighted (PFDHWA), PF Dombi weighted
geometric (PFDWG), and PF Dombi hybrid aggregation weighted geometric (PFDHWG) operators are some of the
picture fuzzy operators combined with Dombi operation [8—13] that Jana et al. [14] proposed in their paper.

However, in many real-world problems, the issues can be too unclear or complex to be represented by people’s
intelligence and complex information. In some decision-making scenarios, precise or ambiguous figures are insuffi-
cient, and expressing the information in linguistic terms, such as “poor,” “medium,” or “good,” is more appropriate.
Zadeh [15] introduced the concept of linguistic variables, which was later followed by Herrera et al. [16], who
discussed a consensus decision-making strategy using linguistic argumentation. Xu [17] developed a multi-attribute
decision-making (MADM) approach using goal programming in linguistic information. Wang and Li [18] intro-
duced the concept of intuitionistic linguistic fuzzy aggregation operators. Continuous linguistic terms were presented
to researchers to prevent the loss of object information. Furthermore, Xu [19-22] introduced uncertain linguistic
variables (ULVs) and provided some operational guidelines. Liu and Jin [23] proposed an application for multiple
UL aggregation operators on IFS and introduced them. Meng et al. [24] introduced the IVIFUL Choquet averaging
(IVIULCA) operator and IVIFUL Choquet geometric (IVIULCG) operator and used these operators to set up an

https://doi.org/10.56578/jii010204
110


https://www.acadlore.com/journals/JII
https://crossmark.crossref.org/dialog/?doi=10.56578/jii010204&domain=pdf
https://orcid.org/0000-0002-4541-5336
https://orcid.org/0000-0002-6709-836X
https://doi.org/10.56578/jii010204
https://doi.org/10.56578/jii010204

MADM problem with IVIULVs. Choquet aggregation operators using ULIVIFS arguments and operational, score,
and accuracy functions for IVIULNs were also proposed. The concept of linguistic operator-based models has been
explored in the context of picture fuzzy environments, as demonstrated by Qiyas et al. [25], who defined linguistic
picture fuzzy sets (LPFS) operators and used them to create the MAGDM process. Liu and Zhang [26] introduced
picture fuzzy linguistic numbers (PFLNs) and described the picture fuzzy linguistic weighted averaging (PFLWA)
and weighted geometric (PFLWG) operators, which were used to model MAGDM problems. In the same setting,
Qiyasetal. [27] developed MADM problems using linguistic picture fuzzy Dombi (LPFD) operators. In conclusion,
interval-valued picture fuzzy uncertain linguistic variables (IVPFULVs) convey fuzzy information more accurately
than LVs, and research on MADM problems with IVPFUL information is just beginning. Therefore, in this paper,
we propose an IVPFULS and develop MADM problems where both the attribute weights and values take the form of
IVPFULVs, based on the interval-valued picture fuzzy linguistic set proposed on the concept of uncertain linguistic
set [28, 29]. First, we define the operating rules, score values, and correctness of IVPFULNs. The IVPFULWA
operator and IVPFULWG operator are then developed. We also introduce the IVPFULDWA and IVPFULDWG
operators and examine their desirable properties. Finally, a specific application of a numerical example is presented.

The remainder of this paper is structured as follows: Section 2 discusses fundamental PFN and ULV definitions
and operations. Section 3 defines the IVPFUL set and provides certain IVPFULN operations. Interval-valued picture
fuzzy uncertain linguistic weighted averaging (IVPFULWA) and interpolated picture fuzzy uncertain linguistic
weighted geometric (IVPFULWG) operators are proposed in Section 4, along with some of their key properties.
Section 5 introduces the interval-valued picture fuzzy uncertain linguistic Dombi average operator and the interval-
valued picture fuzzy uncertain linguistic Dombigeometric operator. Two MADM approaches are constructed in
Section 6 based on these two operators. In Section 7, a numerical example for evaluating mutual fund selection is
provided. Finally, Section 8 offers concluding remarks.

2 Preliminaries

Here, it is important to quickly review some fundamental terms related to picture fuzzy sets (PFS), such interval-
valued of picture fuzzy sets [3, 30].

2.1 Some Concept of Interval Picture Fuzzy Set

Definitionl. [3, 4] Let PFS U be a fixed set X is written as

U = {{pv(z),nu(z),vu(z))|r € X},

where, positive be py(z) € [0, 1], neutral be ny(z) € [0,1] and negative be vy (x) € [0,1] are membership
degree, in a fuzzy set U where 0 < py(z) + nu(x) + vy(z) < 1for x € X. Also, for refusal degree is for x as
7wy (z) =1 — py(x) —nu(z) — vy (z). The pair (uy, nu, v ) is named as picture fuzzy numbers (PFNs) or picture
fuzzy values (PFVs).

2.2 Some Idea of Uncertain Linguistic Variables

This section addressed several concepts and operational rules that use LVs to introduce both qualitative and
linguistic features [15, 16, 20, 21, 28, 29, 31]. Let S = {st|t = 1,2,...,p} be a LTS with odd cardinality. Any
stage, s; represents a value for a linguistic variable and demonstrates the qualities listed below:

(¢) Order set if s; > s;if ¢ > j

(i) Negation operator if neg(s;) = s; such that j =t — ¢

(443) Max operator max(s;, s;) = s; if s; > s;

(¢v) Min operator min(s;, s;) = s; if s; < s;. For example, the study [22] can be provided as:

S = {sp = extremely poor,s1 = very poor,ss = poor,ss = medium, s, = good, s5 = very good, s =
extremely good}.

We expanded the discrete term set S to a continuous term set to prevent information loss S = {s¢|sp < 8¢ <
sp,t € [1,p]}, where p is an adequate size positive integer. If s, € S, it is referred to as a virtual LT, or an original
linguistic term (LT). Decision-makers typically employ original LTS and virtual LTS solely used for computation to
find alternatives and qualities [19-22, 32].

The input LTS may not fit any of the original linguistic labels and may instead be placed between any two of
them, as is frequently observed in many real-world scenarios. In such situation, Xu [19-22] uncertain linguistic
variables (ULT) were introduced, and some of their operational principles were supplied.

Definition2. [22] Let s = [s;, $;n], Where s;,8,, € S, and s, s,,, are the LVs s’s lower and upper bounds,
respectively. Also, let S be the set of all ULTs. Let s = [s;, Syn], 81 = [51,, Sm, | and o = [y, , Sm,] be three ULV,
where s, 51,5, € Sand A € [0, 1], then operational laws of them defined as follows:

(7’) 51D s2 = [511’8m1] D [Sl275m2] = [Sll D Siy55m, D sz] = [5l1+l275m/1+m2]
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(”) 51 ® 52 = [Sll?sml] ® [Slz7 sz] = [Sll ® Siy5 Smy @ SmQ] = [sl1l2’ Sm1m2]
(15i) As = A[si, Sm] = [As1, ASm] = [$a1, Sam]

(i) (8)* = ([st, sm])* = [(s0)*, (5m)*] = [513, 82 -

3 Interval-Valued Picture Fuzzy Uncertain Linguistic Set (IVPFULS)

We introduce the IVLS and ULS to define INULS and IVPFULN based on the notions of INS, ULS, and INLS.
This section includes the [IVPFULN’s operational guidelines and ranking order.

Definition3. Let Z be a fixed set and z represent the collective element within Z. The definition of IVPFULS p
in Z is

p={ (%560 (@) (). (=) )1 € 2 M

where, 5(2) = [50(2), S0(2)] € 5. 11p(2) = [1,(2), 1 (2)] € [0, 1], mp(2) = [m(2),m ()] € [0,1], and vy (2) =
[Vh(2),v¥(2)] € [0,1] with the condition 0 < () 4 n2(z) + v(z) < 1. The functions 4,(2), 7,(2) and v,(z)
are measured support, neutral, and objectlon membership values i 1n an interval of an element z to the set Z to the

ULVS s5(2) = [sc(e)s 5o For convenience, p = (=, [sc(p)s sop)s [ (), 1 ()], [0’ (), ™ (0)], [V (0), v ()] )
is the eight tuples called an IVPFULNSs.

We defined some new operations on [IVPFULNS:

Definitiond. Letp = < [So)s S6)s (1 (D), 1 (P)), [0 (), 0" ()], W (p), V“(p)]>
and ¢ = <[5C(q)7 se(q)], (@), ()], ' (@), n* ()], [V (q), V“(q)}> be any two IVPFULNSs, some operations of p
and ¢ defined for any real number \ € [0, 1]
W) p®a = ([scicta) Sa ot 1 (0) + ' (a) = p(p)p! (), 1 () + () = 1" (P)a" (@)
[0 ()t (@), ™ )™ (@), [V () (@), v () (a)])
(2) p®q = ([Scr)xn(a) Sop) o)) 1 ()1 (), 1 (p) ™ (q))].
(' (p) + n'(q) — 0" ()n* (@), n™(p) + 0" (q) — n“(P)n" ()], [V (p) + V' (q) — V' (p)¥' (), v"(p) + v"(q) —
v (o) (a))
3 Ap = ([sxc 0] [1 = (1= 1)1 = (0= g2 @) ] 1 @), @)L, 0 0), v o))
@ 2 = (s son i @)L 1= (1 =00 1= (@ =0 @) ] [T = (1= ') 1= (1= v (p))).
DefinitionS. Let p and ¢ be any two IVPFULNSs, then
M) p+g=q+p
2 pag=qp
3) AMp+q) = Ap+ \g, for A € [0,1]
@) (p.g)* =p* + ¢ for A € [0,1]
(5) A\p+ A2p = (A1 + A2)p, for Ay, Ap € [0, 1]
(6) pr.pr2 = prtA2 for A, Ay € [0, 1]
M p+@)+r=p+(g+r)
®) (p-.q).r =p-(q.1).

Based on the definition of score and accuracy function in the study [24] defined on interval-valued intuitionistic
uncertain linguistic (IVIULNs) numbers, we defined score and accuracy on an interval neutrosophic uncertain
linguistic information defined below.

Definition6. Let p = <[30(p),39(p)], [t (p), w(p)], [7* (p), n*(p)], [ul(p)7u“(p)]> be any IVPFULN. Then,
defined score function of p is A(p) by

:)/\

A

A(p) = S(”(l>)+9(1’))(2+ﬂl(P)+M“(P)ZWL(P)—U“(P)—VZ(P)—V“(P))7 A(p) € [07 1] (2)
The accuracy function of p is ®(p) by

(p) = 5(a<p>+e<p>><nl(p)+2“<p)+ul<p>+uu<p>>a ®(p) €[0,1] 3
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The following is a definition of prioritised analysis between any two IVPFULNs p and g based on the aforemen-
tioned design of score and accuracy:
(i) If A(p) < A(q), imply p < ¢
(i) If A(p) > A(q), imply p - ¢
(iii) If A(p) = A(q), then
(1) If @(p) < @(q), imply p < q.
(2) If 2(p) > @(g), imply p > g.
(3) If @(p) = ®(q), imply p ~ q.

4 Interval-Valued Picture Fuzzy Uncertain Linguistic Aggregation Operators

Here we defined IVPFULWA operator and study some of its properties.
4.1 IVPFULWA Operator

Definition?. Let py = ([50(py): 50} [ (20): 1 (o0)], [0 (90), 0" (90)]. [ (), v ()] ) e set of TVP-
FULNs for (b = 1,2,...,¢). Theninterval-valued picture fuzzy uncertain linguistic weighted average (IVPFULWA)
function [VPFULW A : x¢ — x defined as follows:

¢
IVPFULW A (p1,p2, - -, pc) = EP(Wums) @
b=1

9
where, ¢ = (¢1,s, ..., 1%¢)T befollowed the weight vectorof p, (b = 1,2, ..., (), withp, € [0,1],and Y oy, = 1.
b=1

By the operations on IVPFULNs , we derive the following theorem.

Theoreml. Let p, = ([55(50). S00). [ (o0). (o). ' (on). *(00)]. [ (0), v (00)] ) b st of IVP-
FULNs for (b = 1,2,...,(), then aggregating values of IVPFULNs p;, (b = 1,2,...,() is also an IVPFULN,
and further,

¢
b=

IVPFULW Ay(p1,pa, ..., pc) = ED(Wem) = <ls

¢ S ¢ s
f bgl »un(ps) Z wa(Pb)‘|

=TT - wbl_gu—m@b»m ],
jit =)

where, ¢ = (¢1,%2,...,%)T be followed the weight vector of p, (b = 1,2,...,¢), with ¢, € [0,1], and
<

>y =1

b=1

Proof:
We prove the Eq. (7) below using mathematical induction.

¢

::]n

—

':1“ﬁ

[l
wr [V

b=1

(1) When ¢ = 2, we get
< [Sww@b» wampb)] =gt ) 1= o) |, [0 )™, (0 )™ [, [0 ), (o)) >

forb=1,2.
Then,
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IVPFULW Ay (p1, ps) @wbpb 52 52 ,
22 Pen(ps) b;wbe(pb)

b=1
2

2 2 2
=TT = s e 1 =TI = w @)™ | [ TT0 e ™ [T o)™ .

b=1 b=1 b= b=
TI0 )™, H<ul<pb>>%]> ©

—

k
IVPFULW Ay (p1,p2. - -, o) = EP W) = <

b=1 b=1
k k k
(=TI - i) 1—H<1—u“<pb>>wb}, [ TI6 @)™ TT6 o)™ .
b=1 b=1 b=1 b=1
k
T o)™ TT0 o) > ™
b=1 b=1

When b =k + 1, we get

k
IVPFULW Ay(p1,p2; - - Pry1,Px) = @D (Whops) = <

k

k k k
IR N CENECHIRNES | CERAII NN § (CACOI | (CEE P

b=1 b=1

k+1 k+1 k41 k+1
(=TT = oy = TL = @], [ TL o ey, TLo )™ ],
e e
[ [T @), H(u“(m)M > ®)
b=1 b=1

Thus, for ( = k + 1, Eq. (7) holds, and results is obtained.

Theorem2. (Idempotent Property)
Let p, = <[Sn<pb>’89<pb)h (1! (pv), T (po)], [T (o), T (b)), [Fl(pb),F“(pb)]> be a set of INULNs for (b =
1,2,...,¢) are equal, i.e., p, = p for all b. Then

Theorem3. (Boundedness Property)

Let p, = <[SO'(Pb)’ S@(pb)]v [,ul(pb)a :uu(pb)]v [nl(pb)7nu(pb)]v [Vl (pb)v Vu(pb)]> be a set of IVPFULNs for (b =
., 0).

Let So = 10 {o(p,)|[So(pn)> S0(0)) € Po} 557 = MAX {5051 |[Sa(51) S0p)] € Po}

114



9 = min {89 )|[SU( »)s S6(p )] S pb} and S;r = 1IIlaX {Sg Hsg(pb),sig(pb)} S pb}.

1<b<
Letu'~ = Cgllgc{ub[ﬂbaﬂb] € po}oand p*~ = min {1 (po)|[1' (po), 1" (po)] € o}
and p't = 1@3;(4{# (po) [ (po), 1 (1)) € pp}, and pt+ = Joax {p (po) [ (Do), 11 (1)) € Po}-
Let7'~ = r_mgc{n (po) [0 (o), 1" (pv)] € P}, and 7~ = = Join {n* (o) [h " (p)] € po}
and ' = max, {n' (o)1 (o) " (pb)] € Py}, and p*+ = Joax {11 (py) [7,(p6), " (pb)] € Po}-

|
Let v = min {;|[v}(po) " (po)] € po} and v~ = min {v"(py)|[4(pr), " (P0)] € P}
!

|
and V't = rgagg{l/ (o) I[V! (D), v*(ps)] € Py}, and v = gggc{v (o)1 [V (o), v*(Po)] € Pb}s

for all b, then we have

u—

o], WL vty S IVPFULW Ay (py, pa, - - -, D¢)

I [n [
< {[3+ 8;_] [MH7 Mqu]’ [nlJr’ nqu], [l/lJr7 Vu+]}.

{[s5 5], [~
Theoremd4. (Monotonicity Property)
Let b = ([5o(p1): S0 )s (1 (00), 1 00)]s [ (90), 0" (00), [ (0w, ()] ) and
P50y St s 1 0), 1 @)L, 1 (01), 0 (o), 10" ), (9] ) b twosets of IVPFULNs for (b = 1,2, .., ).
If py, < py, for all b, then
IVPFULW Ay (p1,p2 - ..,pc) < IVPFULW Ay(py, py, - -, p¢) (10)
4.2 TVPFULWG Operator

Now, we will introduce interval-valued picture fuzzy uncertain linguistic weighted geometric (IVPFULWG)
operator and its properties.

Definition8. Let py = ([50(p,): 50} [/ (20): 1 (00)], [0 (90), 0" (90)]. [ (), v ()] ) e set of TVP-
FULNs for (b = 1,2,...,¢). Then interval-valued picture fuzzy uncertain linguistic weighted geometric (IVP-
FULWG) function IVPFULWG : x¢ — x defined as follows:

®A
—~
3

S
Ny

IVPFULWGw(pl,p2,7pc): (]])

b=1
where, ¥ = (¢1,v2,...,%¢)T be followed the weight vector of p, (b = 1,2,...,¢), with ¢, € [0,1], and

<
> Yp =1
b=1
By the operations on IVPFULNs , we derive the following theorem.

TheoremS. Let p, = <[Sa(pb)730(pb)] (1! (o), 12 (pw)], [ (), 1 (pw)], [V (). V“(Pb)]> be a set of TVP-
FULNs for b = 1,2,...,(, then aggregating values of IVPFULNs p, for b = 1,2,...,( using IVPFULWG
operator is also an IVPFULN, and further,

S ¢ S ¢ )
I (o(pp))?® Hl(f)(pb))’”b

b=1 b=

¢
IVPFULWGw(phpQ, . 7pc) = ®(pb)l/)b — <
b=1

¢ ¢ ¢ ¢
TTt @™ TT o)™ ] [t =TT =)™ 1 = [T =)™ .
b=1 b=1

b=1 b=1

¢ ¢
[-TIa v 1-TJa- F“(pb>)wb}> (12)
b=1 b=1
where, ¥ = (¥1,%2,...,%¢)T be followed the weight vector of p, (b = 1,2,...,(), with 1, € [0,1], and
¢

>ty =1
b=1

Theorem6. (Idempotent Property)

Let pp = <[Sn(pb)a89(pb)h [ (o), T*(py)], (1 (o), I (p)], [Fl(pb)7F“(pb)]> be a set of INULNs for (b =
1,2,...,() are equal, i.e., p, = p for all b. Then

INULWGy(p1,p2,..,pc) =D (13)
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Theorem?7. (Boundedness Property)
Let by = ([50(p0)+ S0 [ (), 2% (po): [ (9o) 1 (0o, [V (1), v ()] ) be @ set of TVPFULNS for (b =
27 M C)

Lets, = mbmc{SU )| [S0(s)» So(ps)] € P}
55 = 1121?54{8‘7 ) [So (o) S0(p1)] € Pb}s
0 B 1211712C{89 )|[Sn(pb) (p”)] < pb} and 59 - 1maX {59(pb |[50(Pb) SG(Pb)} S pb}

Let '~ = mblgc{ub\[ w1t (), 1 (pv)] € Do}y

and 4"~ = min {n"(ps)|[u (pv), 1 (py)] € pp} and !t = 113%{# (o) [ (pv), 1 ()] € P}
and "t = 131?54{” (o)1 (Po), (1)) € Do}

Letn'~ = min {77 (po) (0" (ps) *(pv)] € 1},

and n"~ = rglggg{n (o)1 (pb), I*(p3)] € o} and ' = rgggg{n (o) |1 (p6), 1™ (pb)] € Do}

and n"* = max {1 (o) I[n* (), 1™ (pb)] € o}

Let vl = 1r<n1n {1 (), v*(p)] € o}, and

vt= = min {1 (po) [V (po), v (po)] € po} and v = max {1 (o) | (p), " (p1)] € o}
and %" = Joax, {v(py) [V (pb), v*(pb)] € po}, for all b then we have

I—

- u

{sossg L ™11 [0 VU S IVPFULW Gy (prsp2, -+ P¢)

NNz
< {[s+ syl It T I L [ v

Theorem8. (Monotonicity Property)
Let py, = <[sg(pb>, So(p) s [ (P6) s 1 (pw)], [ (), 11 (w)], [V () V“(pb)]>

and 9} [5) 31+ 55 U ). (o)) ' (). ()1 (). (23)] ) e two sets of IVPEULNs for (b =
2,...,¢). If pp, < pj, forall b, then

IVPFULWG (p1,p2 - ..,pc) < IVPFULWG y(py, Dy, - ., 1) (14)

5 IVPFUL Dombi Aggregation Operators
5.1 IVPFULDWA Operator

Definition9. Let p, = <[sg(pb), so0m]s [ (D), 15 (p)], 17 (p), 1% (91)], [V (), w(pb)]> be a set of IVP-
FULN:s for (b = 1,2,...,(). The IVPFULDWA function IV PFULDW A : x¢ — x defined as follows:

¢
IVPFULDW Ay(p1,p2, - -, pc) = ED (Weps) (15)
b=1

where, ¥ = (¢1,v2,...,9¢)T be followed the weight vector of p, (b = 1,2,...,(), with ¢, € [0,1], and
¢
>y =1
b=1
By the operations on IVPFULNs , we derive the following theorem.

Theorem9. Let p, = ([0, S0t ) 12 (90), 1 (90)], [ (0. 1 ()], [V (), v ()] ) be @ set of TVP-
FULNs for (b = 1,2,...,(), then aggregating values using IVPFULDWA opearator p;, (b = 1,2,...,() is also an
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IVPFULN, and further,

¢ S ¢ )
> vo(ps) bzl'd)ba(pb)‘|

b=1

[1_ 1 1= ¢ 17‘ 0 1/0}’
vH{ S () )

¢
IVPFULDW Ay(p1,pa. .- ..p¢) = P Wems) = <

1 1 }
¢ oy1/0’ ¢ oy1/el’
1-n'(ps) 1-n"(ps)
re{ (S5 ) 1+{b§1¢b( Fast) )

b=1
(16)

where, ¥ = (¥1,%2,...,%¢)T be followed the weight vector of p, (b = 1,2,...,(), with 1, € [0,1], and

¢
>y =1
b=1

Proof:
We prove the Eq. (18) below using mathematical induction.

(1) When b = 2, we get

1+{¢b(lfulp(};b)) } 1+{wb(1f#”p(l;b)) }
|: : rlly oY) 1/e> ) 1u e l/g:|a|: ) 11’ B 1/9,1_ o 1u(’ ) ) l/g:|>
1+{¢b(%(:)b>) } 1+{'¢'b( ;L'(p(:)b)) } 1+{¢b(%(:)b)> } 1+{1/;b( V'Z@:)b) }
foré =1,2.
Then,
9 _
IVPFULDW Ay (p1,p2) = Yppy = s .S
¢( ! 2) @ i%@(;ﬂb) 22:%9(111))
b=1 b=1 b=1 -
1 1 1
[l_ S i VUV : o) VLMY
1+{b§1¢b(liul(pb)) } 1+{b§1wb(1_Tu(pb)) }
{ 1 1 '
2 oy 1/e’ 2 oy1/0]’
1-n'(ps) 1—n%(ps)
1+{b§1¢b( 7o) ) } H{b;wb( 7 (o) ) }
| 1 : 1)
2 oy1/e’ 2 oy1/0] /°
L=v!(py) 1—v*(py)
1+{b§1wb( o) ) } 1+{b§wb( ) ) }

a7
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(ii) Hypothesis, Eq. (18) holds for ¢ = k (k > 2), then

. :
IVPFULDW Ay (p1,pa,- -, pk) = @D Whpe) = ( |5 & .
b1 521 o (py) 21 50 (po)
[1 L 1 !
k oy 1/e’ k oy1/el’
p!(po) p(py)
1+{b§1'¢}b(1_ul(l})b)) } 1+ {bglwb<1,uu(bpb)) }
{ 1 1 7
k . ey1/e’ k o ey 1/e
S () e S e(5ns) )
b=1 b=1
{ 1 1 }>
k 1/o’ k oy1/el [°
1—vl(py) 1-v¥(py)
{ ZZ: ( l(:Db) ) } 1+ {bzzjl 'l/)b( ”“(:Db)b ) }

When 7 =k + 1, we get

k
IVPFULDW Ay(p1,D2, - -, Pks Pit) = bEB (Yope) D (Vrr1Pk41)
1

1

(18)

Py)

1Hpb)

(

o A Sy

p(py)
1—p*(py)

TR

1-vi(py)
vt (py)

B

ol

=1

1

1 1—

ut(py1)
lful(pk_*_l)

@ < |:S'¢'k+10(pk+l)’ S¢k+19(Pk+1)} ’ |:1 -
1+{1/)k+1(

T

u“(pk+1)
1—p®(Pr41)

e

1

1 1 1 1—
1—nl( ) ey 1/e» 1o ) ey 1l/e | 1-0l( ) ey 1/e 1—pu( ) ey 1/e
S ey ey e A cEsre
1 1
= Sk+1 Sk+1 ) [1 - 1= ]a
E wa(Pb) > ¢b9(Pb)] ktl ey le ktl et ( /e
b=1 { Z ¢b<1 ut( ) ) } { ; (1 /Lup(;)b)) }
[ : : ]
k+1 ov1/0’ k+1 , oy1/el’
1-n'(pp) 1—n"(ps)
1+{b§1¢b< 7' (pv) ) } 1+{b:1¢b< n*(py) ) }
{ 1 1 }>
k+1 oy 1/0’ k+1 . oy1/e] [
1-vi(py) 1—v(py)
L+ { b; wb( ul(pb)b ) } 1+ { = T/Jb( V“’(Pb)b ) }
(19)
Thus, for ¢ = k + 1, Eq. (18) holds, and results is obtained.
5.2 IVPFULDWG Operator
Definition10. Let p, = <[sg(pb), So(pu))» (W (0w)s 1 (po)], 0 (o), m* ()], [V (p), u”(pb)]> be a set of IVP-

FULNs for (b = 1,2,...,0).

Then interval-valued picture fuzzy uncertain linguistic Dombi weighted average
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(IVPFULDWG) function INULDW G : x¢ — x defined as follows:

¢
IVPFULDWGy(p1,pa, - - - pc) = Q) (po) " (20)
b=1

where, ¥ = (¢1,v2,...,%¢)T be followed the weight vector of p, (b = 1,2,...,(¢), with 1, € [0,1], and
<
> =1
b=1
In view of Dombi operation on IVPFULNSs , we derive the following theorem.

Theorem10. Let p, = <[Sa<pb>780<ph>]7 [t () 1 (pw)] [0 (o), 1 (po)] [vl(pb),l/“(pb)]> be a set of IVP-
FULNs for (b =1,2,...,(), then aggregating values of IVPFULNs p;, (b = 1,2,...,() is also an IVPFULN, and
further,

¢
IVPFULDWG y(p1.p2, -, pc) = Q) (tps) = <

S ¢ ;S ¢ )
bl;ll(??(m))wb IT (8(py))¥o

b=1 ReS
1 1
[ < 1-pt(py) @ Ve’ ¢ 1—p(py) | 1/9}’
i { X w(5es) T i { S e (s )
1 1
{1_ < noy) \© 1/9’1_ ¢ pi(oy) )2 1/9}’
{2 e ()} t {2 ()}

b=1 b=1
2D
where, ¥ = (¢1,%2,...,%¢)7 be followed the weight vector of p, (b = 1,2,...,(), with ¢, € [0,1], and
¢
>ty =1
b=1
Proof: This theorem can be proved easily. |

6 Model for MADM Method With INUL Information

The weights of the characteristics are real values under IPUL information in the MADM technique that
we propose in this work, which uses INUL aggregation operators. Here, the MADM technique is utilised
to assess the utility of choosing an index of rural development under ambiguous language interval data. Let
Q = {Q1,Q2,...,Qc} be a finite set of alternatives, and G = {G1,Gs,..., G} be a set of attributes. Let
Y = (P1,9a,...,9%¢)T be the weight vector for the attribute b; (b = 1,2,...,¢) that are known such that

¢
Yy € [0,1], where > ¢, = 1. Suppose that Q = (a,)cx¢ is the INUL decision matrix, where p, =
b=1

([So(pun)s 50par))s [ (Pab)s 1 (Do), [0 (Pab)s 0" (Pab)], [V (Pab), v (pab)]) is the IVPFULN for the alternative pay €
@ w.r.t. the attribute p;, € G.
The approach uses the IVPFULWA and IVPFULWG operators to interpret the MADM issue with IVPFUL
information.
Algorithm
Input: To the selection of desirable alternatives.
Output: Best alternative.
Case 1
Step 1. We make use of the decision-making data presented in matrix A and the IVPULWA operator.
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IVPFULW Ay (p11, p12,

¢
'7p1( d)bp b = S ;S )
bej ‘ < > dinear) > wbe(pab)]
b=1 b=1
¢ ¢
[1 [T = it pan))?s, 1 =TT = 1" (pav)) ]
b=1 b=1
¢ ¢
[H(nl(pab nv T
b=1
or

¢
1 wa)) ]> 22)
b=1 b=1
¢
IVPFULWGy(p11,p12: - -, pic) = Q) (Par)¥* Ya

S ¢ »S ¢ )
[T (e(py, ) TI (8(pas))¥®
b=1 b=1
¢ ¢
( a))™ |, [1 =TT =7 ar))™ 1 =TT = (o)™
b=1 b=1 b=1 b=1
¢
[1 ~ I - vk
Case 2

(1= " (par))" > 23)
b=1
If we applied IVPFULDWA (IVPFULDWG) operator, then get the scheme as follows

¢
IVPFULDW Ay(p1,p2, .- p¢) = ED (o) = <3
b=1
-

1

¢ »S ¢ )
bgl Yoo (ps) (El ¥u0(py)
317 ! _,
¢ ) oy1l/o ¢ L (py) oy1l/o]
{2 (1 #Z(Pb)) } 1+{b§1¢b(1—u“(m)) }
[ 1 1 '
¢ 1/0’7 ¢ . o 1/(7_’
1—n'(ps) 1—n*(ps)
1+{b§1wb( o) ) } 1+{b§1wb( (o) ) }
[ 1
1

or

)
b W)U}l/g 1+ {bilwb(l;:g;f)w)”}”"]

(24)
= Yo = S ¢ yS ¢ ’
= [T (@)™ TLOms)"
b=1 b=1
[ : : }
oy1/c’ S 1_pu oy1/c ]’
—v*(py)
= wt(ps) ) } 1+ {bglwb( v (pp) ) }
[1 - ! 1- !
¢ 1 g 1/‘7, ¢ wu
1+ { X w(s) {2 (%
1
-

e
T T BT

1—v(py)

e S e

1-v!(ps)

to obtained the overall values T, (p = 1,2

() of the alternative py,

(25)
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Step 2. Ranking all of the options p;, is done by evaluating the score A(Y,) (a = 1,2,...,&) based on the total
IVPFUL information.To get the preferred option @, perform (b = 1,2,. .., (). If the value of A(T,) and A(T}) are
same, then we next proceed to evaluate degrees of accuracy ®(Y,) and A(T) rest on overall IVPFUL information
of T, and T, and rank the alternative @, depending with the accuracy ®(Y,) and ®(T}).

Step 3. In order to select the best option(s) in accordance with A(Y,) (a = 1,2, ..., ), rank all of the alternatives
Qa-

Step 4. Stop.

7 Numerical Example
7.1 Application

The decision-making process has been illustrated in the following with a numerical example relating investment
choice to the suitability of the suggested MADM challenges. A potential investor wants to put money into a mutual
fund business. Before making an investment, a potential investor could investigate five mutual fund companies as
possibilities, including:

(Q1): Large cap fund
(Q2): Liquid fund
(@3): Blue chip fund
(Q4): Hybrid fund.

The expert team examined the mutual funds (alternatives) in light of the five characteristics listed below and

provided recommendations.
(G1): Short term
(G3): Mid term
(G3): Long term
(G4): Risk of the funds
(G'5): Wealth of the fund.

After gathering the data, a team of professionals used a set of linguistic phrases to generate benefit rating informa-
tion for four mutual funds S = {s; = extremely poor bene fit, so = very poor bene fit, s3 = poor benefit, sy =
medium benefit, ss = good benefit, ss = very good benefit,s; = extremely good benefit} of the above
five attributes and weight vector of them is ¢ = (0.4,0.2,0.1,0.12,0.18)7, and alternatives Q1, Q2, Q3 and Q4
evaluated with IVPFULNSs by the decision makers have same dominance degree. Evaluation of decision makers is
given in Table 1.

Table 1. Evaluations of decision makers

£
Q

G <([s4a85]ﬂ[37‘4]7[27 '3]7[17‘2]» <([34755]7[4a'5]7['17'2]7[1ﬂ'2D>
G <([35785]a[2,'3]7[ 1"2]a[27'3])> <([85755]a[17'2]7['37 '4]’[3’ 4])>
Gs  (([s3,84],]4,.5],].2,.3],[.1,.2])) {([sa,84],[-3, 4], [.1,.2],[.2,.3]))
G4 <([56536]a[17~3]7[1"2]v[27'3])> <([55756]7[3a 4]7[273]7[152}»
Gs  {(([ss, s4],[.5,.6],[.1,.2],[.1,.2]))  (([sa,s5],[4,.5],[-1,.2],[.2,.3]))
Qs Q4
G1 (([ss,s5],[.2,.3],[.1,.2],[.4,.5]))  (([s4,s5],].2,.3],[.2,.3],[.3, -4]))
Gs <([s4a84]ﬂ[47 ‘5]7[27 '3]7[1"2]» <([82,83],[4,-6]7[.172],[1,~2D>
G <([S4,85],[1,.3],[2, '3]5[17'2]» <([S3756]a[47'5]7['17'3]’[1"2]»
Gy (([ss,86],]-3,.5],[.1,.3],[.1,.2]))  {(([sa, s5],[-2,.3],[-2,-3],[3,.4]))
G5 <([53534]a[47 5]7[1’2]5[273]» <([54754]7[45'6]7['17'2]7[1?'2}»

Case 1:

Step 1. We aggregate IVPFUL information Y, fora = 1,2,3,4;b = 1, 2, 3,4, 5 by using IVPFULWA operator
to obtain the overall accumulated values T, for (b = 1,2, 3, 4) represented the alternatives (), which is given in the
Table 2.

Step 2. Using the aggregated values of the alternatives, which are provided in Table 2, the score values of the
alternatives Q, (a = 1,2,3,4) are displayed below. Then, A(T1) = s4.498, A(T2) = s4.509, A(T3) = 84.201 and
A(Y4) = s3.793.

Step 3. We create the ranking order of the alternatives as follows based on the values of the scoring function:
we obtain Q2 > Q1 = Q3 > Q4. The Q)5 is the best mutual funds for investment.

Find the following outcomes if you use the IVPFULWG operator rather than the IVPFULWA operator.
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Table 2. Aggregated values of IVPFULWA operators

Alternative(Qg) IVPFULWA
Q. (5116, 54.84], [0-3133, 0.4246], [0.1414, 0.2449], [0.1248, 0.2277)))
Qs (([54.32, 55,02, [0.3269, 0.4282], [0.1354, 0.2412], [0.1513, 0.2574]))
Qs {([54.46, 54.74], [0.2859, 0.4084], [0.1231, 0.2371], [0.1972, 0.3104]))
Q4 (([53.5, $4.52], [0.3032, 0.4528], [0.1432, 0.2572], [0.1771, 0.2868]))

Step 1. We aggregate INUL information Y, for p = 1,2,3,4;b = 1,2, 3,4, 5 by using IVPFULWG operator
to obtain overall values of T, (a = 1,2, 3,4) for @, which is given in Table 3.

Step 2. The score for @, (a = 1,2, 3,4) are shown below by using IVPFULWG operator is given in Table 3.
Then, A(Y1) = s4.215. A(Y2) = s4.231, A(Y3) = s3.768 and A(T4) = 53.415.

Step 3. The ranking order of the alternatives is created using the score values of @), as follows: Q2 >~ Q1 >
Q3 = Q4. As aresult, out of all the funds, Q> is still the top mutual fund.

Thus, while the ranking order for (), is unchanged, the best option for operators IVPFULWA (IVPFULWG) is
alternative ()5, which has the highest score of all.

Case 2:

Step 1. we aggregate INUL information Y, for p = 1,2,3,4;b = 1,2, 3,4, 5 by using INULDWA operator to
obtain the accumulated values of Y, for (a = 1,2, 3,4) for ), which is given in Table 4.

Table 3. Aggregated values of using IVPFULWG operators

Alternative(Q,) IVPFULWG
Q1 (([s4.05, S4.80], [0.2736,0.4013], [0.1515, 0.2517], [0.1333, 0.2335]))
Q- (([s4.29, S4.99], [0.2846,0.3963], [0.1561, 0.2567], [0.1719, 0.2724]))
Qs (([84.36, S4.70], [0.2549, 0.3873], [0.1312, 0.2436], [0.2508, 0.3529]))
Q4 (([3.38, S4.42], [0.2789,0.4109], [0.1535, 0.2636], [0.2103,0.3112]))

Table 4. Aggregated values of the alternatives using IVPFULDWA operators

Alternative(Q,) IVPFULDW A
0, (([54.10, 54.84], [0.3250, 0.4362], [0.1333, 0.2400], [0.1190, 0.2239]))
Qs (([54.32, 55.02], [0.3347, 0.4374], [0.1240, 0.2326], [0.1376, 0.2479]))
Qs (([54.46, 54.74], [0.2037, 0.4167], [0.1176, 0.2326], [0.1639, 0.2857]))
Qu (([s3.5, 54.5], [0.3103,0.4717], [0.1351,0.2521], [0.1531, 0.2703]))

Step 2. Using the totaled values of the options, the results of ), are displayed below in Table 4. Then,
A(Y1) = sa601, A(Y2) = S4.740, A(Y3) = S4.304 and A(T4) = 53.953.

Step 3. Based on computed values of A(T,), we create the following ranking order for the potential solutions:
Q2 = Q1 = Q3 = Q4. Q1 is the best choice.

The following outcomes are obtained if we employ the IVPFULDWG operator rather than the [IVPFULDWA
operator.

Step 1. We aggregate IVPFUL data Y ,; by using IVPFULDWG operator to obtain accumulated values of T,
for ), which is given in Table 5.

Step 2. Using the IVPFULDWG operator, the @), score is displayed below in Table 5. Then, A(Y1) = s4.355,
A(Y2) = sa.384, A(T3) = S3.935 and A(T4) = s3.532.

Step 3. The alternatives are ranked in the following order based on the values of the score: Q2 > Q1 > Q3 > Q4.
Hence, Q- is still the best choice.

According to the calculations above, the two operators [VPFULDWA (IVPFULDWG) have different score values,
but the ranking order of the alternatives (), is the same, and the alternative ()5 is the best option for both operators.
As a result, the suggested strategy is reliable within the decision-making framework.
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Table 5. Aggregated values of the alternatives using [IVPFULDWG operators

Alternative(Qg) IVPFULDWG
Q1 (([54.05, 54.80], [0.2523, 0.4087], [0.1383, 0.2274],
Q- (([54.29, 54.90], [0.2555,0.3953], [0.1462, 0.2365],
Qs (([54.36, 54.70], [0.2451,0.4021], [0.1172, 0.2188],
Q4 (([53.38, 54.42], [0.2833,0.4087], [0.1404, 0.2400],

0.1194,0.2077]))
0.1442,0.2344]))
0.2386, 0.3355)))
0.2039, 0.2966]))

8 Conclusions

In conclusion, this study presented a methodology utilizing INULNS to address MADM problems. The INULWA,
INULWG, INULDWA, and INULDWG operators were introduced, and their properties were investigated. A
framework for tackling MADM problems was developed, incorporating these proposed operators. A practical
example illustrating the application of the suggested approach for evaluating mutual funds for investment purposes
was provided. The proposed model holds potential for application in decision support, cognitive assessment,
linguistic research, and various other domains dealing with uncertainty in future studies.
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