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Abstract

Linguistic picture fuzzy soft sets (LPFSSs) provide
a powerful tool for handling uncertainties in
decision-making problems, particularly when
multiple parameters are involved. By integrating
the advantages of linguistic picture fuzzy sets
(LPFSs) and soft sets (SSs), LPFSSs prove
especially effective in situations involving
imprecise and ambiguous information. This
study extends the conventional CRITIC (Criteria
Importance Through Inter-criteria Correlation) and
EDAS (Evaluation based on Distance from Average
Solution) methods to the LPFSS environment. First,
the definitions of LPFSSs and linguistic picture
fuzzy soft numbers (LPFSNs) are introduced
along with their key properties. Subsequently,
a CRITIC-EDAS framework is developed under
the linguistic picture fuzzy soft setting. Finally,
a numerical example concerning the selection of
the most suitable organic fertilizer is presented
to illustrate the effectiveness of the proposed
approach.
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1 Introduction

In daily life, we frequently encounter various
complicated problems that are filled with uncertainty,
vagueness etc. Such uncertainties may be unachievable
to model using conventional mathematical approaches.
To handle like this uncertainties, fuzzy set (FS) [1]
theory came into continuation wherein a membership
degree is assigned to each element. But, in
various realistic decision-making problems, due to
the intricacy of the decision-making atmosphere, the
decision makers may desire to use fuzzy linguistic
variables [2-4] to capture the nuance of human
opinion. Fuzzy linguistic term sets which are the
extension of fuzzy linguistic variables have been
studied and applied to many fields [5-10] etc..

However, in representing decision makers’ opinions in
qualitative assessments concerning multiple responses:
yes, abstain, no, refusal, the concept of linguistic
picture fuzzy set (LPFS) was introduced by Qiyas
et al. [11]. They also developed weighted
averaging and weighted geometric operators and
discuss their properties. They also proposed an
approach to deal with a multiple-attribute group
decision-making (MAGDM) problem based on the
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developed aggregation operators. Liu et al. [12]
considers the multi-criteria decision-making problem
based on linguistic picture fuzzy information, where
they used the TOPSIS and TODIM Methods to rank of
the alternatives and entropy method to calculate the
weight of criteria.

Recently, Soft sets [13] have become a flexible
mathematical structure to model and handle
uncertainty, vagueness, and incomplete information
in complex systems. This makes them valuable for
a wide range of real-world applications, especially
in decision-making, data analysis, and various fields
like engineering and medical diagnosis. This theory
has been extended and combined with other concepts
to create new mathematical tools, such as fuzzy soft
sets [14] and intuitionistic soft set (ISS) theory [15],
further enhancing its applicability.

The criteria weight determination method is a
technique used in multi-criteria decision-making to
assign a numerical weight to each criterion based on its
importance for a problem. These weights are crucial
for ranking and selecting the best alternative, with
methods falling into two main categories: subjective,
objective. ~ Subjective methods for determining
criteria weights rely on human judgment, expert
opinion, and decision-maker preferences rather than
objective data. Some popular subjective weighting
methods are pairwise-comparison-based methods
[16, 17], KEMIRA [18], P-SWING [19], PIPRECIA
[20], FUCOM [21], and so on. Objective methods
for determining criteria weights use computational
processes based on the data itself, rather than
subjective expert opinions. Some common objective
weighting methods are entropy-based methods [22],
CRITIC method [23], CILOS and IDOCRIW methods
[24] etc. Based on our literature review, it appears
that CRITIC are the most appropriate objective
methods for the weighting of criteria, because it
evaluates the criteria by considering both their contrast
intensity (standard deviation of normalized values)
and conflicting relationships (correlation coefficients
between criteria) within a decision matrix. By
analyzing how much each criterion varies and how
it conflicts with others, the method calculates weights
that reflect the true informational content of the data,
leading to more accurate and reliable decision-making.

On the other hand the EDAS technique was initiated by
Keshavarz et al. [25] in 2015 has become an essential
tool in DM situations in diverse portions of our
real living such as agriculture [26-28], business [29-
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31], construction [32-34], energy [35-37], healthcare
management [38, 39], engineering and technology
[40] etc..

In this article, we introduce the concept of linguistic
picture fuzzy soft sets and discuss some of their
properties. Then, we combine the CRITIC method
and EDAS method under the linguistic picture fuzzy
soft environment. Afterword, we illustrate a MCDM
problem on the basis of our proposed CRITIC-EDAS
method.

The paper comprises the following parts: Section
2 provides a brief overview of Linguistic Term
Set, Linguistic Picture Fuzzy Sets, and their related
properties. In Section 3, the definition of Linguistic
Picture Fuzzy Soft Set is given and described some of
their related properties. Section 4 detail description
CRITIC-EDAS method is illustrated. Section 5 an
illustrative example is given to show the reliability
and effectiveness of our proffered approach. Section 6,
sensitivity analysis is given of our proposed method.
Section 7 concludes the paper.

2 Preliminary Concepts

2.1 Linguistic Term Set

According to Herrera and Herrera-Viedma, let £ =
{ln | h=0,1,2,...,¢g} be a linguistic term set (LTS)
with odd cardinality, where /;, represents a possible
value of a linguistic variable. For example, consider
the linguistic variable "intelligence" and define its
associated term set consisting of five linguistic terms
as follows:

2 = {lyp = Very Low (VL), l; = Low (L),

lo = Medium (M), I3 = Very Medium (VM),
4 = High (H)}.

In this exposition, it is essential that these linguistic
terms possess the following characteristics.

1. Ifl,,,1l, € L and m < n, then [, < l,;

2. Negation Operator: Neg(l,,) = l,, where m =
l—n;

3. Max(lm,ln) = lpm, if by, > 1 ;
4. Min(im, ln) = b, if b <n

Besides this, to get original decision information, Xu
et al. [15] expanded the discrete term set .Z to
continuous form as . = {l,|h = [0, g|}, where h is
adequately large positive integer.
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2.2 Linguistic Picture Fuzzy Sets
According to Qiyas et al. [11], alinguistic picture fuzzy
set (LPFS) <7 on the universe % is defined as

A = (Y Ao W), A D), AV ) : Y €U),
where (%), (%), and @3(%) represent,
respectively, linguistic positive membership degree,
linguistic neutral membership degree and linguistic

negative membership degree of the element % to the
set .o/

For any element % € %, the condition
Ao (Y ), Do (Y ), (¥ ) € Ljpgand 0 < a+v+ (3 <
[0,g] are always accepted. The linguistic refusal
membership degree is o, ,_g(%#). We will
denote the triple (o, (%), (%), A3(%)) as
of = (4, o, o/3) indicated to linguistic picture fuzzy
number (LPFN).

3 Linguistic Picture Fuzzy Soft Sets

Suppose that % be a collection of all LPFSs and &
be the set of parameters in relation to %. Let P(%)
denote the power set of % and & C &.

Definition 3.1 A pair (%, &) is called a LPFSS over
% ,where .7 is a mapping given by .# : &2 — P( ).

For any parameter € € &, . (¢) is a LPFSS given by:

F(€) = {ui, F(€)a(ui), F (€)y(ui), F () p(ui) - ¥ €

U}

where .7 (€)o(u;), -7 (€)(u;) and .7 (€) 5(u;) represent,
respectively, linguistic positive membership degree,
linguistic neutral membership degree and linguistic
negative membership degree with the condition:

0<a+v+4<[0,4]
and the refusal degree is .7 (¢€) j—a4~y+8) (Ui)-
Example 3.2 Let U = {JA, 73, 73, 7, 73} be a set of
houses that are considered for rent. Let &7 = {e€1, €2, €3} be
a set of parameters, where e; = expensive , €; = beautiful

and eg = good location. Then, the inducement of the houses
can be depicted, as a LPFSS delineated by:

(F,2) ={F(a1), F (2), F(e3)}

where,

F(e1) = {44, (6,11, 1), (3, (la, 12, 11), (83, (I5,11,11),
(A, (I3, 12, 12), (75, (I, lo, 1) };

9(62) = {(‘%013 (l47[27l2)7 (%a (l l2?l2) (%7 (lﬁ,l1,l1)
(i, (I3, 13, 12), (75, (Is, lo, ) };

9(63) = {(‘%01? (l47 la, l2)7 (%a (l4a lo, ll)a (%7 (l5a lo, ll)a
(A, (Is, 12, 1o), (74, (I, lo, 1) } }

(1)
for0<a+~y+p<10,8].

A LPFSS set can be represented in a matrix format for
easier storage and access on a computer.

€1 €2 €3
JA (e, 11, 01) (g, l2,l2)  (la,l2,12)
I | (la,l2, 1) (I3,12,12) (4, 1o, 1)
(9a <@) = e%’é (l5,ll,l1) (l@,ll,h) (l5,lo,l1)
Ay | (I3,12,12)  (I3,13,12)  (l6,12,10)
5 (g, loy 1) (Is,00,11)  (l6,lo,11)

In addition, for convenience and necessary
computations, LPFSS can also be treated as
F (la,ly,13) and called as LPFSN, where
& is referential subscript used for establishing a link
between alternatives and parameters in computational
examples. For application purposes, to rank these
numbers, the score and accuracy functions for the
LPFSN are interpreted as follows:

Definition 3.3 Let %5 = (l4,ly,l3) be a LPFSN,

the score function and accuracy function of .7 » are
defined as
S (Fp) =a—-(y+0) (2)
H(Fp)=a+y+p (3)

Definition 3.4 Let Z» = (la,,ly,,lp) and Fo
(lags s, g, ) be two LPFSNs. Then Z5 and Z 4 can
be compared by the following rule.

1. f S(Z»)> S (Fa), subsequently Fp > Fo.

2. If S (Fp) =.S(F2), subsequently
(a) If H(Fp) > H(F29), subsequently .Z 5 >
)

(b) 1If 7#(F )
Fo.

= ' (Z9),subsequently .75 =

113
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4 CRITIC-EDAS Method for Linguistic Picture
Fuzzy Soft Sets

4.1 Problem Description

In this section, we proposed the CRITIC-EDAS method
to deal with MCDM in the LPFSNs. Supposing that a
linguistic picture fuzzy soft MCDM has m alternatives
M = { M, M, ..., My}, each alternative is assessed
on the basis of n criterion ¢ = {%1, %5, ...,%,} and
W = {W,Wa,...,¥;} is the corresponding weight
vector of criterion €;(j = 1,2,...n) with 370, #j =
1(0 < #; < 1). The assessment of alternatives
given by the expert is characterized by LPFSNs .4;; =
(lag;> lyiyolg,, ) (@ = 1,2...,m;j = 1,2...,n) and the
linguistic picture fuzzy soft information matrix .4 is
given as follows:

N = [c/yz’j]mxn
@ % o %,
A (lan ) l’Yn ) 1/311) (lmz? l"/127 lﬁn) (laln,7 Z'Yl'n ) l/ﬁn)
_ Mo (lazlv l'YQl ) lﬁm) (104227 l”/227 lﬂzz) U la2n7 l'ana laQn
M (laml ) l"/ml’ lﬁml) (lﬂmzﬂ l'}’m2’ lﬁmz) (lan ny lﬁ’mn’ ]5 777 )

(4)

In the following, the CRITIC-EDAS method under
linguistic picture fuzzy soft decision environment is
outlined by the following computational steps.

4.2 CRITIC Method

Step 1. Determine the score function of . = [.%};]mxn
by using the equation 1.

Step 2. Evaluate the standard deviations of the criteria

by applying equation 4.

m 7.2
o Vz(y 7))

m

(5)

= _ IS
L= Zi=171
where .7 = ==L

Step 3. Find out the correlation between pairs of
criteria by using equation 5 for computing analysis.

S (S — S 5) (S — T k)

k= — — (6)
\/E?ll(%j—yj) S (S — k)

Pj

Step 4. Calculate the quantity of information of each
criteria as follows:

¢j = ;%=1 (1= pjr) (7)
Step 5. Assess the objective weight of each criteria,

(8)

¢

/W' ey
J n .
X _¢j
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4.3 EDAS Method

Step 1. Choose the inherent parameters and probable
alternatives, and accomplish the linguistic picture
fuzzy soft information matrix .4” according to the
equation equation 3.

Step 2. Determine the value of the average solution
(&77") by analyzing all the proposed criteria.

[ZZL (laij ) l%'j ) lﬁz‘j) ]
1xn

m

AV = [QWJ} -

1xn
9)

l

l l ) L
(9_1_[?;1(9_0427‘)%)’ Hﬁﬂ%‘j)% H;nl(ﬁij)rl’l]

Step 3. Based on the .27 7 results, the positive distance
from average (#%.</) and negative distance from
average (/4 24/) can be computed as:

P9 5= |29 ]

) maz 0, (;(nw) -7 (a75))) Q0)
y(ﬂ%j)
N Dt i; = [wgwij}mxn
(o (o) ()
y(ﬂv/j)

where .¥ (;2% ”I/j) and . (J% ) are score function of
o/ V'), and Aj; respectively.

Step 4. Determine the values of . %; and ..%;
which indicate the weighted sum of %« and
N DA .

yﬂi:i%~@9ﬂzj, yﬂi:iyﬂj'ﬂ/-@%ii

j=1 j=1

(12)

Step 5. Determine the normalized values of . #7; and
SN ; as follows:

y;@i . yJVi
NI Ti= itz 7y T T I
(13)

Step 6. Determine the assessment score (.# .7 ;) for all
alternatives, shown as follows:

ML = %(Jm&% + mswm) (14)
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Table 1. Linguistic picture fuzzy soft information matrix.

61 ©o 63 €4 s
Ay (gl lo) (U, by lo) (el ly) (s lyylh) o (s, oy lh)
Mo (Is,11,l0) (L, los 1) (lasliylo) (a0, l) (las o )
Mz (13,0,1) (s l) (lasloy b)) (el b)) (s, 1 Do)
My (I3,0,0)  (la,l,0) (s loylo)  (laylos b)) (Is, 1, o)
Ms (la, 1, 1)  (U3,0o,lo)  (Las b)) (Us, Doy b)) (Las 12, Do)

Step 7. Sort the alternative by priority from highest to
lowest according to the results obtained from Step 6,
when the highest value of &7.%; has a higher priority.

5 Numerical Result

Currently, the population of Bangladesh is increasing
significantly. In order to satisfy the growing demand
for the food, the farming community needs to produce
more food. To produce more food, a large land area
is required, but it is impossible to bring more land
for cultivation because the land area is limited in
Bangladesh. To overcome this challenge, the farming
community is trying to produce more food by applying
a huge amount of pesticides and chemical fertilizers.

However, increasing application of pesticides and
chemical fertilizers have detrimental effects, including
human health problems such as neurological damage
and organ damage, environmental pollution through
contamination of soil, water and air with persistent
residues, and harm to unintended organisms such
as useful insects, birds, and fish. These chemicals
can enter the food chain and waterways, causing
issues such as nutrient enrichment in water bodies and
carrying long-term risks of cancer and birth defects.

To overcome the harmful effects of chemical fertilizers,
we can use organic fertilizers for improving long-term
soil health by enhancing its structure, water retention,
and microbial activity, while providing nutrients
slowly and sustainably to plants and crops. Organic
fertilizers support a healthy soil ecosystem by
increasing organic matter, and their slow-release
nature reduces the risk of over fertilizing and nutrient
runoff, making them a more eco-friendly alternative
to synthetic options.

All crops can benefit from organic fertilizers, but
certain crops, such as vegetables, fruits (like tomatoes,
cucumbers, and melons), corn, legumes, potatoes, and
coffee, respond particularly well due to their increased
nutrient demands and the soil-building properties
of organic matter. The specific benefits often relate
to the improved soil structure, water retention, and

the supply of macro nutrients like Nitrogen (N),
Phosphorus (P), and Potassium (K) that organic
tertilizers provide.

In this part, we present a numerical example for
selecting a suitable organic fertilizer for producing
vegetables by using the Linguistic Picture Fuzzy
Soft EDAS method. Based on the literature
review associated to organic fertilizers selection, five
parameters have been considered, which are Soil
Characteristics (1), Environmental and Management
Factors (&%2), Availability (#%3), Long-Term Effects
(Z4), and Farmer’s Knowledge and Access to
Resources (Z5).

After careful evaluation of the information, an expert
set up the five organic fertilizers, namely Compost
(1), Vermicompost (.#3), Cow Dung (.#5), Poultry
Manure (.#,), and Green Manure (.#5), to select the
best organic fertilizer. The evaluation information of
organic fertilizers &7 (i = 1,2, 3,4, 5) is represented in
LPEN (lq,ly,18) € Z[0,g] = L[0,6], where & = [y =
Very Very Low (VVL), l; = Low (L), ls = Medium
(M), I3 = Very Medium (VM), 4 = High (H), l5 =
Very High (VH), l¢ = Very Very High (VVH). The
linguistic picture fuzzy soft information matrix .4" by
the expert is given in Table 1.

In order to select best organic fertilizers, the steps of
the proposed CRITIC-EDAS approach under linguistic
picture fuzzy soft environment is presented as follows:

5.1 CRITIC Method

Step 1. According to the equation 1, we have the score
values given in Table 2.

Table 2. The score values of .7y
C1 C» C3 1 65

A 03 4 2 2 A4
My 4 3 3 2 3
My 1 2 3 2 A4
My 12 4 3 A4
My 2 3 2 42
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Step 2. By applying the equation 4, 5 and 6 respectively,

we obtain standard deviation values, correlation
between criteria pairs and the quantity of information
of each criteria which are listed in Tables 3, 4 and 5
respectively.

Table 3. Standard Deviations.

o1 09 o3 04 05
1.3038 0.8366 0.8366 0.8944 0.8944

Table 4. Correlation coefficient values of criteria.

¢ ©> 3 G s
¢ 1 0.7333 -0.4125 -0.3429 -0.3001
%> 0.7333 1 -0.7857 -0.1336 -0.2004
¢3 -0.4125 -0.7857 1 -0.1336  0.4677
¢y -0.3429 -0.1336 -0.1336 1 -0.6875
%5 -0.3001 -0.2004 0.4677 -0.6875 1

Table 5. Quantity of information.
¢ ©2 63 7 s

0.7489 3.6699 4.0696 4.7384 4.2220

Step 3. Determine the weights of each criteria by the
equation 7, given in Table 6.

5.2 EDAS Method

Step 1. According to Table 8, we can get the value
of average solution (&/7) based on all proposed
parameter as:

AV 1x5 = ((13.95,ll,lo)(l4.11711,l0)
(15)
(l4.26, 10, 10)(l4.48, Lo, 1) (la68, o, lo)>

Step 2. According to the results of average solution
(e/?'), we can calculate the positive distance from
average (% 7.4/) and negative distance from average
(A D4 ) by using the formula 9 and 10 which are listed
in Tables 7, 8, and 9.

Step 4. Calculating the values of . %, and ../ ;
using equation 11 and the weighting vector of the
parameter which is obtain from CRITIC method
(Table 6). w = (0.2560, 0.1634,0.1812, 0.2110, 0.1880),
we can obtain the results as follows:

S P =0.0128,.F Py = 0.2688,.7 P = 0,

S Py =0, Ps = 0.109T;

SN = 0.8679, SN 5 = 1.0382,. 7N 5 = 1.5130,
SNy =1.1206, SN 5 = 1.3384

(16)

116

Table 6. Criteria weights.

4 s s Yy s
0.2560 0.1634 0.1812 0.2110 0.1880

Table 7. The score values of .7, and &/ 7.

¢ 62 C3 Gy G

M 3 4 2 2 4
Mo 4 3 3 2 3
1

1

M3 2 3 2 4
My 2 4 3 4
M 2 3 2 4 2
Y 295 411 4.26 3.48 4.68

Table 8. The results of 2.4/ j;,.

¢1 C» €3 Ci Cs
A1 0.05 0 0 0 0
Mo 1.05 0 0 0 0
M3 0 0 0 0 0
My 0 0 0 0 0
My 0 0 0 052 O

Table 9. The results of A 2.4/ j.

€1 G 63 61 s
/A 0 011 226 1.48 0.68
Mo 0 1.11 126 148 1.68
My 195 211 126 148 0.68
My 195 211 026 0.48 0.68
Ms 095 111 2.26 0 2.68

Step 5. The results of Step 4 can be normalized by
formula 12 and the results are listed as:

NS P = 0.004T, .S Py = 0.0999, N . Py =0,
NS Py=0, NP5 = 0.0408,
N SN =54263, N SNy =53131, NSN3 =5,
N SNy =52593, NS N5 =51

(17)

Step 6. Based on each alternative’s /. %; and
N LN ; to determine the values of #.7;

MS = 27369, M.S 5 = 31569, M. 5 = 2.5,

(18)
MLy = 26296, M.F 5 = 2.T617

Step 7. According to the determining results of «7.%;,
we can rank all the alternatives, the bigger value of
</ /i is, the best alternative selected will be. Obviously,
the rank of all alternatives is

//2 >///5 >//1 >///4 >//3. (19)
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Therefore, the Green Manure is the best organic
fertilizer for vegetables cultivation.

6 Sensitivity Analysis

To show the stability of the results, the aforementioned
example is solved using various sets of parameter
weights. Two alternative weight sets (57 and S») were
compared with the actual conditions of the study.

S1: The weights were calculated by entropy method.

Sa: The weights were taken equally for all parameters.

Figure 1 shows the weights in each set. Figure 2 shows
the ranking of each alternative in each set of weights
parameters. As can be seen in Figure 2, the ranks of
all alternatives are relatively stable in diverse weights
of parameter. For example, the best alternative is Mo
and the worst alternative is M3. Therefore, we can
say that the proposed method is proficient for ranking
alternatives in an MCDM problems.

0.50 —e— Original
—-— Set 1l
—e— Set2

G C G Ca Cs
Parameter

Figure 1. Weight Distribution across Parameter.

JER3EY;

Rank
w
[ ]
/'
Lt

2 i St
11 W L il
Original Set 1 Set 2

Figure 2. The rank of alternatives in different sets.

7 Conclusion

This article proposes a novel extension of the
CRITIC-EDAS method in the linguistic picture fuzzy
soft set environment. = The proposed model is
particularly suitable, as the CRITIC method objectively
determines the criteria weights while the EDAS
method ranks the alternatives. Both approaches
involve straightforward computational steps and can
be readily applied to various real-world problems.
To demonstrate the validity and effectiveness of
the proposed approach, a numerical example on
the selection of the most suitable organic fertilizer
for vegetable production is presented. The results
indicate that Vermicompost ranks highest among the
alternatives. In future work, we plan to further extend
the EDAS method to other variants of linguistic picture
fuzzy soft sets.
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