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Abstract

Plithogenic sets introduced by Smarandache (2018) have disclosed new research vistas and this paper introduces
the novel concept of plithogenic cognitive maps (PCM) and its applications in decision making. The new approach
of defining instantaneous state neutrosophic vector with the confinement of indeterminacy to (0,1] is proposed to
quantify the degree of indeterminacy. The resultant vector is obtained by applying instantaneous state vector
through the connection matrix together with plithogenic operators comprising the contradiction degrees. The
connection matrix is represented as fuzzy matrix and neutrosophic matrix and the resultant vector is determined by
applying plithogenic fuzzy operators and plithogenic neutrosophic operators respectively. The obtained results are
highly feasible in making the decision as it incorporates the contradiction degree of the conceptual nodes with
respect to the dominant node. This research work will certainly pave the way for developing new approaches in
decision making using PCM.

Keywords: Plithogenic set, cognitive maps, plithogenic cognitive maps, confinement of indeterminacy,
plithogenic fuzzy operators, plithogenic neutrosophic operators.

1.Introduction

Robert Axelrod [1] developed cognitive maps, a decision making tool primarily used in handling the
system of making decisions related to political and social frameworks. A cognitive map is a directed graph with
nodes and edges representing the concept variables or factors, and it’s causal relationships respectively. The
intensity of the relationship between two concepts say Ci and Cj is represented by edge weights eij, where eij€ {-
1,0,1}. The value 1 represents the positive influence of Ci over Cj; 0 represents no influence and -1 represents
negative influence. The causal relationship between the nodes is represented as a connection matrix. Cognitive maps
have a wide range of applications in diverse fields. Nakamura et al [2] used cognitive maps in decision support

systems; Chaib-draa [3] developed multi agent system model using cognitive maps; Klein et al [4] developed
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cognitive maps in decision makers and other broad spectrum of its applications in student modeling whilst
knowledge management are discussed by Alejandro Pena [5]. One of the limitations of cognitive maps is modeling
decision making in uncertain environment. The concept of fuzzy sets introduced by Zadeh [6] was integrated with
cognitive maps by Kosko [7]. Fuzzy cognitive maps (FCM) introduced by Kosko [7], he handled the aspects of
uncertainty and impreciseness. In FCM, the edge weights eij € [-1,1] and the connection matrix has fuzzy values.
The comprehensive nature of FCM has several applications such as but not limited to the pattern recognition see
Papakostas et al [8],in the medicine see Abdollah et al [9], in large manufacturing system see Chrysostomos et al
[10], in the field of decision making on farming scenarios see Asmaa Mourhir et al [11]. Atannsov [12] introduced
intuitionistic fuzzy sets that deal with membership, non-membership and hesitancy values. Elpiniki
Papageorgiou[13] extended FCM to Intuitionistic FCM models to apply in medical diagnosis and this gained
momentum in the domain of FCM. IFCM are the extension of FCM models , that are highly applied in diverse
fields. The connection matrix of iIFCM models has intuitionistic values. Hajek et al [14-15] extended iFCM models

into interval —valued IFCM for stock index forecasting and supplier selection.

Smarandache [16] introduced neutrosophic sets that deal with truth, indeterminacy and falsity membership
functions. Neutrosophic sets are applied in various domain of the natural science. Mohamed Bisher Zeina [17]
applied neutrosophic parameters in Erlang Service Queuing Model and developed neutrosophic event-based queuing
model. Malath [18]studied the integration of neutrosophic thick function. Salma [19] developed online analytical
processing operations via neutrosophic systems. Neutrosophy is also extended to explore new algebraic structures
and concepts. Agboola [20] proposed the introduction of neutrogroups and neutrorings, Riad et al [21] constructed
neutrosophic crisp semi separation axioms in neutrosophic crisp topological spaces. Necati Olgun [22] discussed
refined neutrosophic R-module, Ibrahim [23] explored the concepts of n Refined Neutrosophic Vector Spaces.
Mohammad Hamidi [24] discussed Neutro — BCK-algebra. Neutrosophic research is gaining momentum and it has
wide spectrum of applications in decision making. Abdel-Baset [25] developed a novel neutrosophic approach in
green supplier selection and a novel decision making approach was developed to diagnose heart diseases using
neutrosophic sets. Interval — valued neutrosophic sets are also used in decision making. Neutrosophic cognitive
maps (NCM) introduced by Vasantha Kandasamy [26] has incorporated the concept of indeterminacy into edge
weights. NCMs are also applied to diverse decision making scenarios by many social researchers. NCMs are widely
applied to analyze the causal relationship between the concepts of decision making problems. Nivetha et al [27]
developed decagonal linguistic neutrosophic FCM to analyze the risk factors of lifestyle diseases. Nivetha et al [28]

made a case study on the problems faced by entrepreneurs using NCM.

In NCM models, the influence of one factor over another is represented by either -1,0,1,I, where I represents
indeterminacy. Let us consider a decision making problem comprising of five factors and the respective 5x5
connection matrix has the values {-1,0,1,I}. The initial state vector X, [X= (10000)] has first of the factors in ON
position and other factors in off position. X is passed into connection matrix and the resulting vector Z , [ Z =
(al,a2,a3,a4,a5)] is updated using threshold operation by replacing ai by 1 if ai > g and ai by 0 if ai < g, (g is an

integer) and ai by I, if ai is not an integer. The process is repeated until two updated resultant vectors obtained are
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same, which is called as the fixed point or limit cycle. The process ends when the fixed point is obtained. In this
NCM procedure suppose the fixed pointis ( 1 0 1 1 I), the inference is the first factor has positive influence on third
and fourth factors, no impact on second factor and the fifth factor is indeterminant to it. The existence of
indeterminacy in the connection matrix and the fixed point does not give us the complete picture of the decision
making, but if indeterminacy is quantified then the decision making will be feasible. To make so, the approach of
indeterminacy confinement is introduced in this research work. As the connection matrix is based on expert’s
opinion, the indeterminacy can also be confined to (0,1] based on the expert’s opinion. Also in the instantaneous
vector any of the factors are in ON position or combination of factors are in ON position say, X = (1 0 1 01) to see
the combined effect of the factors. In this article the factors are kept in indeterminate position and it is confined to
give a numerical value. This is a new kind of approach in neutrosophic cognitive maps and the NCMs of this kind

can be labeled as novel neutrosophic cognitive maps (NNCM).

The NCM and NNCM can also be extended to plithogenic cognitive maps (PCM). Plithogenic sets
introduced by Smarandache [29] are the generalization of crisp sets, fuzzy sets, intuitionistic fuzzy sets and
neutrosophic sets. The membership values are mainly used to quantify the qualitative aspects. This principle of
quantification of qualitative aspects is used as the underlying principle in the construction of plithogenic sets. The
degree of appurtenance and the contradiction degree are the two distinctive aspects of plithogenic sets. The concept
of plithogeny is extended to plithogenic hypersoft sets by Smarandache [30]. Plithogenic sets are widely used in
decision making. Shazia Rana et al [31] extended plithogenic fuzzy hypersoft set to plithogenic fuzzy whole
hypersoft set and developed plithogenic ranking model. Nivetha and Smarandache [32] developed concentric
plithogenic hypergraphs. Smarandache [33] developed plithogenic n super hypergraph and a novel decision making
approach is proposed by Smarandache and Nivetha [34]. Abdel - Baset [35] framed a hybrid plithogenic decision-
making approach with quality function deployment for selecting supply chain sustainability. The compatibility of

the plithogenic sets motivated us to incorporate the concept of plithogeny to coginitve maps.

This research work proposes the approach of integrating plithogeny to cognitive maps to develop PCM
models as the extension of NNCM, NCM, IFCM and FCM. The PCM model follows the underlying methodology of
FCM but it incorporates contradiction degree to the factors of the decision making problem. If any of the factors is
in ON position, then it becomes the dominant factor and the contradiction degree of the dominant factor with respect
to other factors is considered. The instantaneous vector is passed into connection matric and the resultant vector is
obtained by applying plithogenic operators. The resultant vector is updated by using the conventional threshold
function. PCM models are classified as cognitive maps if the connection matrix is crisp; fuzzy cognitive maps if the
connection matrix has fuzzy values; intuitionistic fuzzy cognitive maps if the connection matrix has intuitionistic
values and neutrosophic cognitive maps if the connection matrix has neutrosophic values. Thus the proposed PCM
models are the generalization of the earlier forms of FCM models. The incorporation of the contradiction degrees

will certainly give us new insights in decision making.
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The paper is organized as follows: section 2 presents the outlook of PCM; section 3 consists of the
methodology of PCM; section 4 comprises of application of PCM in decision making; section 5 discusses the results

and concludes the work.

2. Plithogenic Cognitive Maps
A plithogenic cognitive map is a directed graph consisting of nodes and edges representing the concepts and its
causal relationship respectively . The contradiction degree of the nodes with respect to the dominant node is

determining the fixed point.

Let Py, P,,..P, denotes n nodes of PCM. The directed edge from P; to P; represents the association between
the two nodes and the edge weights illustrate the intensity of the association between the nodes. If the edge weight
eij € {-1,0,1} then it is plithogenic crisp cognitive maps; if e; € [-1,1] then it is plithogenic fuzzy cognitive maps; if
;i € p([0,17%) then it is plithogenic intuitionistic cognitive maps , if e; € p([0,1]%) then it is plithogenic neutrosophic
cognitive maps. Plithogenic connection matrix or adjacency matrix P(E) = (e; ) represents the relation between the
nodes. An instantaneous state vector in PCM of the form A = (a;, a,,..as) represents the ON-OFF-indeterminate
position of the node at an instant of time. If a; = 1 refer to (ON state); a; = 0 refer to (OFF state) and a; = I means
(Indeterminate state). In PCM, the indeterminate state I is confined to a value belonging to (0,1], which is the

extension of NCM.

Let P1,P2,P3 be three nodes of PCM. Let P1 be in ON position and P2, P3 be in off state, then the node P1
is considered to be dominant. The contradiction degrees of other nodes with respect to dominant node are
P1 P2 P3
0 1/3 2/3

The contradiction degree represents the extent of distinctiveness between the two concepts .The value 1/3 and 2/3 is
assigned to P2 or P3 based on the perception of decision makers who have choosen the factors of PCM.

The instantaneous vector X = (1 0 0) is passed into P(E) and the vector which is obtained by applying
plithogenic operators is Y. The assumed threshold operation is applied to Y and the resultant vector G is obtained.
The recurrence of passing the resultant vector G to P(E) if results in repetition of resultant vectors then the limit

cycle of the PCM is obtained and the resultant vector is called as fixed point.

3. Methodology of Plithogenic Cognitive Maps
This section presents the algorithm of obtaining the limit cycle of PCM.

Step 1: The factors Py, P»,..P, or the concepts of the decision making problem are decided based on the

expert’s opinion.
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Step 2: The plithogenic connection matrix P(E) of dimension n (the number of concepts) is obtained from the causal
relationship between the concepts.
Step 3: The edge weight e; may belong to {1,0,1}, [-1,1], p([0,1]%), p([0,1]%). The nature of the edge weights

determines the type of plithogenic cognitive maps.

Step 4: To determine the effect of one concept say P1, is kept in ON position and the

contradiction degree with respect to other concepts are determined.

Step 5: The instantaneous state vector X =(100 00 ...0) is passed into connection matrix and by applying the
plithogenic operators, a resultant vector is obtained, and updated by applying the threshold operation by
assigning 1 to the values (a;) greater than k, 0 to the values (ai) lesser than k, where k - a is a suitable
positive integer. In this proposed approach the on position of the concepts is threshold with 1 and the
indeterminate position of the concepts will be confined with the value C. The value 0 is assigned to the
values lesser than 1 and the value 1 is assigned to the values greater than 1.

The plithogenic operators are defined as
anp b=(1-c)]a AR b]—I—C.[avF b], where ¢ represents contradiction degree, g A » bis the tiom
defined by aband ¢ v . b is the teonorm defined by a +b - ab

The plithogenic new neutrosophic operators are defined as

a/\Pb

1
<a, /\pb],g[(az A b))+ (ay v, by )ay v, by -

where a = (a,,aza3)and b = (by b, b3), @ vpb=(1-c)lav,bl+clan, b]

Step 6 : The updated vector is passed into P(E) and the process is repeated until the fixed point is arrived. The fixed
point is the limit cycle of PCM.

4. Application of Plithogenic Cognitive Maps in Decision Making
This section presents the application of plithogenic cognitive maps in decision making. Let us consider a

decision making environment where the expert’s opinion is constructed to promote the farming sectors to a
progressive phase with their suggestive strategies. The following proposed strategies of the experts are taken as the
nodes of the PCM.
P1 Encouraging the reverse migration by helping the socially mobilized groups with credit

flow.
P2 Supporting vulnerable farming areas with community driven approach
P3 Promoting Farmer’s Productive Organizations as transformative agents
P4 Perpetuating gender equalities to create new opportunities for women

P5 Effective use of modern ICT to connect farmers with extension, market and continuous learning
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The causal association between the concepts is represented as linguistic variables and it is quantified by triangular

fuzzy numbers and the kind of PCM is plithogenic fuzzy cognitive map which is used to determine the fixed point of

the dynamical system.

The plithogenic fuzzy connection matrix with linguistic variables is presented as below

/

P
P, 0
P, L
Ps3 H
P4 M

o

P> P;
M M
0 H
H 0
M L
H VH

S 2

M

o)

z T -

o/

The linguistic variables are quantified by using triangular fuzzy numbers as in Table 4.1

Table 4.1 Quantification of Linguistic variable

Linguistic Variable Triangle Fuzzy Number Crisp value
Very Low (0,0.1,0.2) 0.1
Low (0.2,0.3,0.4) 0.3
Medium (0.4,0.5,0.6) 0.5
High (0.6,0.7,0.8) 0.7
Very High (0.8,0.9,1) 0.9

The modified plithogenic fuzzy connection matrix P(E) is

/ P1

P1 0

P2 0.3
P3 0.7
P4 0.5

\PS 0.7

P2 P3
0.5 0.5
0 0.7
0.7 0

0.5 0.3
0.7 0.9

P4
0.3
0.5
0.5
0

0.5

PS\

0.3
0.3
0.7
0.5

v

The graphical representation of the causal association between the concepts are represented in Fig.4.1

DOI:10.5281/zenodo.3950063
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Fig.4.1 Graphical representation of the causal relationship
Case (i) Conventional FCM [7]
Let us consider the conventional approach of FCM without the incorporation of contradiction degree. Let X=(100
00)
X*P(E)= (0 050503 03)—-(105 0.5 03 03) =X1
X1 *P(E)= (1.65 2 2.14 16 125> (11111) =X2
X2*P(E)=(222424 18 1.8)->((11111) =X3
X2=X3 1)
Case (ii) Plithogenic Fuzzy FCM with ON/OFF state of vectors

Let us consider the concept P1 to be in ON position and other factors in off position. The contradiction
degrees of the dominant node with respect to other nodes are
Pl P2 P3 P4 P5
0 1/5 2/5 3/5 4/5

Let us consider the instantaneous state vector as X = (100 0 0)

X*pP(E)= Y ,whereY=(abcde)

a=Max[1n p0,0 A p03,0 A p0.7,0 A 50.5,0 A ,0.7]
b=Max[I A 05,0 A p0,0 A ;07,0 A 05,0 A ,0.7]
c=Max[lAn p05,0 A p0.7,0 A 50,0 A ,0.3,0 o 0.9]
d=Max[l1r 03,0 A p0.5,0 A 3050 A 50,0 A ,0.5]
e=Max [l n p03,0 A ;03,0 A ;07,0 A ,0.5,0 o ,0]

X*p P(E) = (0 0.6 0.7 0.72 0.94) > ( 1 0.6 0.7 0.72 0.94) = X1
X1 *p P(E) = (0.602 0.6732 0.8588 0.73 0.86) — (1 0.67 0.86 0.73 0.86) = X2
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X2 *p P(E) = (0.602 0.6732 0.8588 0.73 0.8868) — (1 0.67 0.86 0.73 0.89) = X3
X3 *p P(E) = (0.623 0.6918 0.8762 0.745 0.8868) — (1 0.69 0.88 0.75 0.89) = X4
X4 *p P(E) =(0.623 0.6918 0.8762 0.745 0.8944) - (1 0.69 0.88 0.75 0.89) = X5

X4=X5 2)
Case (iii) Plithogenic Fuzzy FCM with ON/OFF and confined indeterminate Ic state of vectors

Let us consider the concept P1 to be in ON position, P2 be in indeterminate state and other factors in off
position. The indeterminate state of the vector here reflects the impact on the concept P2.The contradiction degrees
of the dominant node with respect to other nodes are considered as the same.

Let us consider the instantaneous state vector as X = (1 Ic 0 0 0), C = 0.25, the value of indeterminacy is 0.25. i.e X
=(10.25000)

X *p P(E)=(0.075 0.6 0.7 0.72 0.86) = ( 10.250.7 0.72 0.86) = X1

X1*p P(E) = (0.602 0.6732 0.8588 0.73 0.86)—> (10.250.86 0.73 0.86) = X2

X2*p P(E) = (0.602 0.673 0.859 0.73 0.887)— (10.25 0.86 0.73 0.89)=X3

X3*p P(E) =(0.623 0.6918 0.8762 0.745 0.8868) — (1 0.25 0.88 0.75 0.89) = X4

X4 *p P(E) = (0.623 0.6918 0.8762 0.745 0.8944) — (1 0.25 0.88 0.75 0.89) =X5

X4 =X5 3)

Let X=(11c 00 0), C=0.5, the value of indeterminacy is 0.5.i.e X =(1 0.5 0 0 0)
The fixed point is (1 0.25 0.88 0.75 0.89) ------------ 4

Let X=(11c 00 0), C=0.75, the value of indeterminacy is 0.5.i.e X=(10.50 0 0)
The fixed point is (1 0.75 0.88 0.75 0.89) ------------ ®)]

Let X =(11c 00 0), C=0.95, the value of indeterminacy is 0.5.i.e X=(10.50 0 0)
The fixed point is (1 0.75 0.86 0.78 0.86) ------------ (6)

Eq. (1) states that the concept P1 has influence on the other concepts, but Eq. (2) states the extent of influence of the
concept P1 on other concepts which is the added advantage of using contradiction degree. The confined
indeterminate state for various values of ¢ results in different fixed points. The confinement of indeterminacy to the
values C=0.25, 0.5,0.75 have same impact on other factors and also it produce the same effect as P2 concept in OFF
state, but as the value of indeterminacy is enhanced , slight variation in the impact are found in Eq. (6). This shows
that the OFF state and the indeterminate state of concept P2, when the concept P1 being in ON position produce no
much difference.
Case (iv). Plithogenic Neutrosophic FCM with new neutrosophic state.

The new neutrosophic instantaneous state vector is of the form ((Te1, Ip1, Fp1), 0, 0, 0, 0), where the truth
(Tp1), indeterminacy (Ip1) and falsity (Fp1) of the concept P1 to be in ON position is expressed. This representation of
the ON position of the vector is highly a pragmatic representation. If Ip; and Fp; are zero then the concept P1 is
highly certain to be in ON position. The indeterminate and off state of the concept P1 can be expressed by keeping

the values of Ip; and Fp to 1 and keeping the other respective set of value to be zero.
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The new neutrosophic state vector (Xn) when the On state of the concept P1 is considered.((1,0,0) (0,1,1)
(0,1,1) (0,1,1) (0,1,1)).The plithogenic neutrosophic matrix Px(E) is

/ Pl P2 P3 P4 P5 \

Pl (0,1,1) (0.6,0.3,04) (0.6,03,04) (0.3,04,0.7) (0.3,0.4,0.7)
P2 (0.3,04,0.7)  (0,1,1) (0.7,02,0.2)  (0.6,0.3,04) (0.3,0.4,0.7)
P3 (0.7,02,0.2)  (0.7,0.2,02)  (0,1,1) (0.6,0.3,04)  (0.7,0.2,0.2)
P4 (0.6,0.3,04) (0.6,0.3,04) (0.3,04,0.7) (0,1,1) (0.6,0.3,0.4)
P5 (0.7,02,0.2)  (0.7,02,02) (0.9,0.1,0.1)  (0.6,0.3,04) (0,1,1)

NS

The plithogenic representation of the causal relationship between the concepts is presented in Fig.4.2. The positive

/

sign indicates the positive impacts of the concepts, and it is represented as neutrosophic values in Pn(E).

Fig.4.2 Representation of Plithogenic association between the concepts

The plithogenic operators are used to obtain the resultant vector.

Let Xx =((1,0,0), (0,1,1), (0,1,1), (0,1,1), (0,1,1))

Xn*p Px (E) = ((0, 0,0) (0.68,0.19,0),(0.76,0.18,0) (0.72,0.26,0) (0.86,0.23,0))
- ((1,0,0) (0.68,0.19,0),(0.76,0.18,0) (0.72,0.26,0) (0.86,0.23,0)) = Xx
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Xni*p Pn (E) = ((0.602, 0.118,0) (0.68,0.1288,0.1088) (0.76,0.1396,0.1632) (0.84,0.1504,0.1632) (0.92 0.16
0.1088)) = ((1, 0,0) (0.68,0.1288,0.1088) (0.76,0.1396,0.1632) (0.84,0.1504,0.1632) (0.92 0.16 0.1088)) = Xn2
Xn2*p Pn (E) = ((0.644 0.15952 0) (0.7104 0.162592 0.1088) (0.7768, 0.165664 0.1632) (0.8432 0.168736 0.1632)
(0.92 0.171808 0.1088)) —((1, 0,0) (0.7104 0.162592 0.1088) (0.7768, 0.165664 0.1632) (0.8432 0.168736
0.1632) (0.92 0.171808 0.1088)) = X3
Xn3*p Pn (E) = ((0.644 0.1607008 0) (0.7104 0.16448128 0.113664) (0.7768 0.16826176 0.113664 ) (0.7768
0.16826176 0.170496) (0.8432 0.17204224 0.170496) (0.92 0.17582272 0.113664)) — ((1, 0,0) (0.710 0.164
0.114) (0.777 0.168 0.114) (0.777 0.168 0.170) (0.843 0.172 0.170) (0.92 0.176 0.114)) = Xn4
By repeating in the same fashion,
Xns=((1,0,0) (0.71,0.167,0.114) (0.777, 0.171, 0.17) (0.843, 0.174, 0.17) (0.91 ,0.178, 0.114)
Xns=((1, 0,0) (0.71,0.167,0.114) (0.777, 0.171 ,0.17) (0.843, 0.174, 0.17) (0.91, 0.178 ,0.114)
Xns = Xne
Thus the neutrosophic impact of the concept P1 on other factors is determined. The various kinds of plithogenic
cognitive maps are discussed in different cases and in each case, the impact of the concept P1 over the other
concepts is determined. In section 4 various cases are discussed and the differences between cognitive maps (CM),
fuzzy cognitive maps (FCM), intuitionistic cognitive maps(IFCM) , neutrosophic cognitive maps(NCM) and
plithogenic cognitive maps (PCM) based on edge weights (ejj) are presented in Table 4.2.

Table 4.2. Differences beteween CM, FCM, IFCM,NCM and PCM

Cognitive Maps e € {-1,0,1} with no contradiction degree

between the concepts

Fuzzy cognitive maps ej € [-1,1] with no contradiction degree between

the concepts

Intuitionistic cognitive maps eij= (W, v)where p, the membership value and v,
the non-membership value with no contradiction

degree between the concepts

Neutrosophic Cognitive Maps ej € {-1,0,1, I} with no contradiction degree

between the concepts

Plithogenic Cognitive Maps eij € {-1,0,1} orej € [-1,1] orej € p([0,1]?) or &5 €

p([0,17%) with contradiction degree between the

concepts

5. Conclusion

This research work proposes the concept of plithogenic cognitive maps and new neutrosophic maps. The
integration of contradiction degree with the plithogenic operators is applied to determine the resultant vector.
Several kinds of plithogenic cognitive maps are discussed in this article and it is validated with applications in

decision making. The proposed plithogenic cognitive maps can be applied in decision making scenario. The state of
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indeterminacy of the concept is quantified by various confinement values which will certainly assist in making
optimal decisions. Plithogenic cognitive maps can be also developed to various representations based on the
characterisation of the decision making environment. PCM decision making models can be extended to interval-
valued plithogenic cognitive maps and also it can be integrated to multi criteria decision making. The association
between the concepts of decision making can be represented in terms of plithogenic hypersoft set. Plithogenic
hypergraph can also be integrated with plithogenic cognitive maps to formulate novel and feasible decision making

models.
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