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Abstract: The single valued neutrosophic set (SVNS) was developed to handle uncertainty in information depending on 
independent states called truth, indeterminacy and false. Recently, the Turiyam set was introduced for dealing with the 
uncertainty in data sets when those states are in silent mode based on human quantum cognition or awareness. In this 
way, this set gives a way to explore the uncertainty in data sets beyond the existing true, false, and indeterminacy 
regions. The precise analysis of data with the Turiyam set and its graphical representation is indeed a requirement for 
knowledge processing tasks. To achieve this goal, the current paper introduces Turiyam graphs with illustrations. In 
addition, we define a complete Turiyam graph, a strong Turiyam graph, and a constant Turiyam graph. Further, we 
apply a constant Turiyam graph to the Wi-Fi system. 

Keywords: Single valued neutrosophic graph; Turiyam set; Uncertainty; Turiyam graphs; Four dimensions. 
 

1 Introduction 

Euler invented graph theory in 1736 as a recreational mathematics to solve a puzzle posed by the people of Konigsberg 
[1]. Since then, it has grown to solve relevant real-world problems in different fields like computer science, economics, 
sociology, chemistry, communications, etc. efficiently[2]. Also, 	fields in mathematics such as group theory, topology, 
matrix theory and operations research are helped by graph theory[3]. A graph consists of vertices linked by edges, 
where those vertices and edges represent the objects (systems, processes, etc.) and the relations between them, 
respectively [4]. Graph theory studies all those graphs in mathematics. The classical graph cannot represent a situation 
in which there is uncertainty regarding a vertex or edge or both [5]. To handle this situation, another aspect of graph 
theory called fuzzy graph (FG) [6] was introduced by applying fuzzy relations [7]  to fuzzy set[8].This graph considers 
the membership value of both the vertex and the edge.  The brief study on this graph is described in [9]. The 
intuitionistic fuzzy graph (IFG) [10] was developed based on intuitionistic fuzzy relations [11] to provide more 
flexibility to deal with uncertainty regarding any vertex or edge in the graph by considering membership and non-
membership values. The comprehensive IFG study conducted in [12 − 17].  Although both the FG and IFG have been 
used to solve this problem, they fail when there is inconsistent and indeterminate uncertainty regarding a vertex or edge 
of the graph [18]. Therefore, another aspect of graph theory called single valued neutrosophic graph (SVNG) (or simply 
neutrosophic graph) was studied by many researchers [18 − 	20] based on the neutrosophic set [21] as the 
generalization of IFG, FG and graph theory to efficiently handle this situation. In the context of SVNG, tree, planar and 
coloring are introduced and some of their properties are established[22 − 25]. The application areas of SVNG in real 
life situations like social networking, decision making, crime detection, Wi-Fi and so on are described precisely 
[26,27].	 In SVNG, any vertex or edge is described by the truth value (tv), indeterminacy value (iv) or falsity value (fv) 
[18].  

There has been a problem when vertex sets and edge sets are beyond those three states, that is, truth value (tv), 
indeterminacy value (iv) and falsity value (fv). Consider the data on coronavirus (COVID-19) cases in three different 
regions of a given country [28]. In those regions, we have four types of patients. Those are recovered patients(𝑡𝑣), 
active patients(𝑖𝑣), death patients	(𝑓𝑣), and vaccinated patients with a Turiyam or liberal dimension(𝑙𝑣). In this case, 
the complement operator 1 − (𝑡𝑣 + 𝑖𝑣 + 𝑓𝑣 + 𝑙𝑣) indicates the people who haven’t been affected by COVID-19 in 
those regions. However, the graph visualization of this situation cannot be represented by SVNG since it is beyond truth 
value, indeterminacy value and falsity value. In 2021, P. K. Singh introduced Turiyam sets as the extension of 
neutrosophic sets at a research conference titled “Operations Research and Applications” held in Guilin, China [29]. 
The elements of this set are described by the truth value(𝑡𝑣	), the indeterminacy value(𝑖𝑣	), the falsity value(𝑓𝑣	), and 
the liberal (or Turiyam) value(	𝑙𝑣), all of which are in the range [0, 1] [28, 29]. The author also identified that this set is 



2424                                                                                                       G. Ganati et al.: Turiyam Graphs and Its Applications… 

 
© 2023 NSP 
Natural Sciences Publishing Cor. 
 

applicable in the voting system, sports data, medical diagnosis, identifying research paper quality and in the crime 
investigation system [29, 30]. However, the precise graphical representation of this situation is important for knowledge 
processing tasks [28, 30, 31]. In this regard, four-dimensional logic [32] and its algebra [33] are required. Also, the 
Turiyam context is introduced [34] for matrix representation [35] of the situation with the Turiyam set. At the same 
time, its other algebraic properties, like Turiyam rings, Turiyam spaces, Turiyam modules and Turiyam relations [36–
39], are introduced as a generalization of the corresponding algebraic structures of neutrosophic sets [40 − 42] for 
dealing with these types of unknown non-Euclidean data sets [43].  In recent times, some of the authors have focused on 
the applications of the Turiyam set in self-driving intelligent vehicles in controlling accidents [44] as well as searching 
for a journal [28].  

In this study, we develop the Turiyam graph as an extension of the SVNG and derive some of its properties. Then, by 
using this graph, we model Wi-Fi technology.  

Research Gap: There is a research gap because no study on the Turiyam graph has been announced in the literature. 

Motivation: To address the identified gap in the literature by describing the theory of the Turiyam graph.  

The next parts of this document are arranged in the following order: in section 2, we give a survey of the concepts 
helpful in this study.  In section 3, we present the Turiyam graph with some illustrations. In section 4, we apply the 
Turiyam graph to the Wi-Fi system. In section 5, we give the result and discussion. Finally, we give the conclusion and 
outline of the future work of the study in section 6.  

2 Basics Concepts 

In this section, we give a revision of some important existing concepts that are relevant to this work. Consider that 𝑈 is 
a nonempty universe set.  

Definition 1 [27-28]: The form of a Turiyam set 𝐵	on a set 𝑈 is   

𝐵	 = {˂𝑥, t!(𝑥), 𝑖!(𝑥), 𝑓!(𝑥), 𝑙!(𝑥)˃: 𝑥 ∈ 𝑈} 

where	t!(𝑥), 𝑖!(𝑥), 	𝑓!(𝑥), 𝑙!(𝑥): 𝑈 → [0,1]	is the truth value (tv), the indeterminacy value (iv),  the falsity value (fv) 
and the Turiyam state (or liberal) value (lv) respectively, for each 𝑥 ∈ 𝑈. Each t!(𝑥), 𝑖!(𝑥),	𝑓"(𝑥) and 𝑙(𝑥) are 
independent and satisfies the condition 

 0 ≤ t!(𝑥) +	𝑖!(𝑥) +	𝑓!(𝑥) + 𝑙!(𝑥) ≤ 4, ∀𝑥 ∈ 𝑈. 

Remark: 1 − (𝑡 + 𝑖 + 𝑓 + 𝑙) is called the refusal degree of Turiyam sets.   

Definition 2 [27]: Let A and B be Turiyam sets on U. Then, A is a Turiyam subset of B if t"(𝑥) ≤ t!(𝑥), 𝑖!(𝑥) ≤
𝑖!(𝑥), 𝑓"(𝑥) ≥ 	𝑓!(𝑥)and 𝑙"(𝑥) ≤ 𝑙!(𝑥), ∀𝑥 ∈ 𝑈. 

Definition 3 [27]: Let A and B be Turiyam sets on U.  

(a) The complement of A , denoted by 𝐴# , is given as 𝐴# = {	𝑡# , 𝑖# , 𝑓# , 𝑙#} where 	𝑡# = 𝑓, 𝑖# = 1 − 𝑖, 𝑓# =
𝑡, 𝑙# = 1 − (𝑡 + 𝑖 + 𝑓)		 

(b) The union of A and B, denoted by A∪ 𝐵, given by 

                      𝐴 ∪ 𝐵 = {𝑡" ∨ 𝑡! , 𝑖" ∧ 𝑖! , 𝑓" ∧ 𝑓! , 𝑙" ∨ 𝑙!} where (𝑡" ∨ 𝑡!)(𝑥) = 𝑡"(𝑥) ∨ 𝑡!(𝑥),	 

(𝑖" ∧ 𝑖!)(𝑥) = 𝑖"(𝑥) ∧ 𝑖!(𝑥), (𝑙" ∨ 𝑙!)(𝑥) = 𝑙"(𝑥) ∨ 𝑙!(𝑥), ∀𝑥 ∈ 𝑈. 

(c) The intersection A and B, denoted by 𝐴	 ∩ 𝐵, defined as 

                    		𝐴 ∩ 𝐵 = {𝑡" ∧ 𝑡! , 𝑖" ∨ 𝑖! , 𝑓" ∨ 𝑓, 𝑙" ∧ 𝑙!}. 

Definition 4 [39] Let 𝐴	and	𝐵	be nonempty Turiyam sets on U. Then a Turiyam relation from A to B is a Turiyam 
subset of A×B of the form R = {𝑡$ , 𝑖$ , 𝑓$ , 𝑙$} where 𝑡$ , 𝑖$ , 𝑓$ , 𝑙$: 𝐴 × 𝐵 → [0,1] represents the truth function, 
indeterminacy function, falsity function and liberal function respectively. 

Definition 5 [26]: A SVNG on	𝑈	is a pair G = (N, R), where N is a SVNS in 𝑈 and 𝑅 is (SVN) relation on 𝑈 such that  

𝑡$(𝑎𝑏) ≤ min	{𝑡%(𝑎), 𝑡%(𝑏)} 

𝑖$(𝑎𝑏) ≤ min	{𝑖%(𝑎), 𝑖%(𝑏)} 

                                                                        𝑓$(𝑎𝑏) ≤ max{𝑓%(𝑎), 𝑓%(𝑏)} , ∀𝑎, 𝑏 ∈ 𝑈.	In this case, N is a SVNS of G 
and R is a SVN edge set of G. 



 Inf. Sci. Lett. 12, No. 6, 2423-2434 (2023)  /  http://www.naturalspublishing.com/Journals.asp                                                       2425 

 
                                                                                                                                                                                                                                                   © 2023 NSP 

                                                                                                                                                                                                                                                                                      Natural Sciences Publishing Cor. 
 

 
Fig. 1: The SVNG 

Definition 6 [27]: A SVNG is called a constant SVNG if all vertices of SVNG have the same degree (𝑘&, 𝑘', 𝑘(). 

3 Turiyam Graphs 

This section introduces the Turiyam graphs and some desired properties. Also, we clarify some concepts of Turiyam 
graphs with illustrative examples. Let U represent the universe set and 𝐺 = (𝑉, 𝐸)	the classical graph theory.  

Definition 1: Consider a finite set of vertices and edges as 𝑉 = {𝑠): 𝑖 = 1,2, … , 𝑛} and 𝐸 = ]^𝑠) , 𝑠*_: 𝑖, 𝑗 = 1,2, … , 𝑛a 
respectively. A Turiyam graph of a graph	𝐺 = (𝑉, 𝐸) is defined by	𝑇+ = (𝐴, 𝑅), where  

(𝑎)𝑡", 𝑖", 𝑓", 𝑙": 𝑉 → [0,1]  represents the truth value (tv) of	𝑠) , the indeterminacy value (iv) of 𝑠),  the falsity value (fv) 
of	𝑠) and the turiyam state (or liberal) value (lv) of 𝑠) respectively, ∀𝑠) ∈ 𝑉 such that 0 ≤ t"(𝑠)) +	 𝑖"(𝑠)) +	𝑓"(𝑠)) +
𝑙"(𝑠)) ≤ 4, ∀𝑠) ∈ 𝑉, 𝑖 = 1,2, … , 𝑛. 

(𝑏)𝑡$ , 𝑖$ , 𝑓$ , 𝑙$: 𝐸 ⊆ 𝑉 × 𝑉 → [0,1]	given by	𝑡$^𝑎)𝑏*_ ≤ min]𝑡"(𝑎)), 𝑡"^𝑏*_a , 𝑖$^𝑎)𝑏*_ ≤
min]𝑖"(𝑎)), 𝑖"^𝑏*_a , 𝑓$^𝑎)𝑏*_ ≤ max]𝑓"(𝑎)), 𝑓"^𝑏*_a,and		𝑙$^𝑎)𝑏*_ ≤ min]𝑡"(𝑎)), 𝑡"^𝑏*_a, ∀𝑎) , 𝑏* ∈ 𝑉 represents the 
truth, indeterminacy,  falsity and turiyam mappings from 𝐸	to 𝑉 × 𝑉 respectively, such that 0 ≤ 𝑡$^{𝑎)𝑏*}_ +
𝑖$^{𝑎)𝑏*}_ + 𝑓$^]𝑎)𝑏*a_ + 𝑙$^{𝑎)𝑏*}_ ≤ 4, ∀]𝑎)𝑏*a ∈ 𝐸, 𝑖, 𝑗 = 1,2, … , 𝑛. 

In this case, 𝐴 is the Turiyam vertex set of 𝑇+ and 𝑅 is the Turiyam edge set of	𝑇+.   

Remark: The set 𝐴	and 𝑅 are Turiyam set over 𝑉	and 𝐸 respectively.   

Example 1: Consider a Turiyam graph 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) where 𝑉 = {𝑣&, 𝑣', 𝑣(} and 𝐸 = {𝑣&𝑣', 𝑣'𝑣(, 𝑣(𝑣&}.  
Let 𝐴 and	𝑅 be Turiyam sets on 𝑉 and	 𝐸 respectively as shown in table 1. 

Table 1: The tabulated form of A and R 
A 𝑣& 𝑣' 𝑣( R 𝑣&𝑣' 𝑣&𝑣( 𝑣'𝑣( 
𝑡" 0.4 0.1 0.6 𝑡$ 0.1 0.2 0.1 
𝑖" 0.6 0.4 0.8 𝑖$ 0.2 0.5 0.4 
𝑓" 0.1 0.8 0.1 𝑓$ 0.7 0.1 0.8 
𝑙" 0.7 0.3 0.7 𝑙$ 0.2 0.4 0.2 

Then, this Turiyam graph represented in figure 2 below  

 
Fig. 2: Turiyam graph 

In figure 2, (𝑖)𝑣& = (0.4,0.6,0.1,0.7)is a Turiyam vertex. 

                 (𝑖𝑖)(𝑣&𝑣') = (0.1,0.2,0.7,0.2)	is a Turiyam edge.  

Definition 2: Let 𝑇+ = (𝐴, 𝑅) be a Turiyam graph.  The vertices 𝑣)and 𝑣* are adjacent vertices if and only if 𝑡$^𝑣)𝑣*_ =
min]𝑡"(𝑣)), 𝑡"^𝑣*_a , 𝑖$^𝑣)𝑣*_ = min]𝑖"(𝑣)), 𝑖"^𝑣*_a,𝑓$^𝑣)𝑣*_ = max]𝑓"(𝑣)), 𝑓"^𝑣*_a and		𝑙$^𝑣)𝑣*_ =



2426                                                                                                       G. Ganati et al.: Turiyam Graphs and Its Applications… 

 
© 2023 NSP 
Natural Sciences Publishing Cor. 
 

min]𝑡"(𝑣)), 𝑡"^𝑣*_a, ∀𝑣) , 𝑣* ∈ 𝑉. In this case, 𝑣) and 𝑣* are called neighbor vertices and the edge 𝑒	 = 	 (𝑣)𝑣*)  is incident 
at 𝑣) and 𝑣* . 

Example 2: Consider a Turiyam graph 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) where 𝑉 = {𝑣&, 𝑣', 𝑣(, 𝑣,} and 𝐸 =
{𝑣&𝑣', 𝑣&𝑣,, 𝑣'𝑣(, 𝑣(𝑣,}.  Let 𝐴 and	𝑅 be Turiyam sets on 𝑉 and	 𝐸 respectively as shown in table 2.   

Table 2: The tabulated form of A and R 
A 𝑣& 𝑣' 𝑣( 𝑣, R 𝑣&𝑣' 𝑣&𝑣, 𝑣'𝑣( 𝑣(𝑣, 
t 0.3 0.2 0.6 0.7 t 0.2 0.2 0.2 0.6 
i 0.5 0.5 0.1 0.3 i 0.5 0.1 0.1 0.1 
f 0.1 0.8 0.8 0.2 f 0.8 0.6 0.6 0.8 
l 0.2 0.4 0.3 0.5 l 0.2 0.4 0.4 0.3 

Then, this Turiyam graph represented in figure 3 below 

 
Fig. 3: Turiyam graph 

In above graph, (𝑖) the vertices 𝑣&and 𝑣( are adjacent vertices.	

(𝑖𝑖𝑖)	the	vertices	𝑣'and	𝑣(	are	not	adjacent	vertices.(𝑖𝑣) the edge 𝑒 = (𝑣&𝑣') incident at 𝑣&and 𝑣'. 

Example 3: Social network considered as Turiyam graph in a sense that connected people represent true (tv), partially 
connected or removed after some time represent uncertain (iv), not connected represent false (fv), and friend beyond 
three conditions represent liberal (lv). 

Note: If at least one value of 𝑡$^𝑣)𝑣*_, 𝑖$^𝑣)𝑣*_, 𝑓$^𝑣)𝑣*_	and	𝑙$^𝑣)𝑣*_ is non-zero for some i and j, then there is an edge 
between 𝑣)and	𝑣*. Otherwise, there is no edge between	𝑣)and	𝑣* . 

Remark: A Turiyam graph 𝑇+ = (𝐴, 𝑅) is empty if  𝑡$^𝑣)𝑣*_ = 𝑖$^𝑣)𝑣*_ = 𝑓$^𝑣)𝑣*_ = 	𝑙$^𝑣)𝑣*_ = 0, ∀^𝑣)𝑣*_ ∈ 𝐸. 

Definition 3: A Turiyam graph 𝑇- = (𝐴., 𝑅.) is a Turiyam subgraph of Turiyam graph 𝑇+ = (𝐴, 𝑅) if 𝑇- is also a 
Turiyam graph such that 𝐴. ⊆ 𝐴 and	𝑅. ⊆ 𝑅 . That is, 

(𝑖)	𝑡"n(𝑢) ≤ 𝑡"(𝑢), 𝑖"n(𝑢) ≤ 𝑖"(𝑢), 𝑓"n(𝑢) ≥ 𝑓"(𝑢), 𝑙"n(𝑢) ≤ 𝑙"(𝑢)∀𝑢 ∈ 𝑉 

    (𝑖𝑖)	𝑡$n(𝑢𝑣) ≤ 𝑡$(𝑢𝑣), 𝑖$n(𝑢𝑣) ≤ 𝑖$(𝑢𝑣), 𝑓$n(𝑢𝑣) ≥ 𝑓$(𝑢𝑣), 𝑙$n(𝑢𝑣) ≤ 𝑙$(𝑢𝑣), ∀𝑢𝑣 ∈ 𝐸. 

Example 4: Consider the Turiyam graph  

𝑇. = (𝐴., 𝑅.)	where	𝐴. = {𝑣&, 𝑣', 𝑣(}, 𝑅. = {𝑣&𝑣', 𝑣&𝑣(, 𝑣'𝑣(}shown in table 3  

Table 3: The tabulated form of 𝐴. and 𝑅. 
𝐴. 𝑣& 𝑣' 𝑣( 𝑅. 𝑣&𝑣' 𝑣&𝑣( 𝑣'𝑣( 
t 0.3 0.1 0.4 t 0.1 0.2 0.0 
i 0.5 0.3 0.6 i 0.2 0.4 0.4 
f 0.3 0.9 0.2 f 0.8 0.3 0.8 
l 0.6 0.2 0.7 l 0.2 0.3 0.1 

This Turiyam graph is a Turiyam subgraph of a Turiyam graph of figure 2 and its representation is given in figure 4 
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Fig. 4: Turiyam subgraph 

Definition 4: Let	𝑇+ = (𝐴, 𝑅) be a Turiyam graph. Then, a path 𝑝(𝑣/𝑣0) in 𝑇+ is a sequence of distinct vertices 
𝑣/𝑣&𝑣', … , 𝑣0 such that 𝑡$(𝑣)1&𝑣)) > 0, 𝑖$(𝑣)1&𝑣)) > 0, 𝑓$(𝑣)1&𝑣)) > 0 and 𝑙$(𝑣)1&𝑣)) > 0 for 0 ≤ 𝑖 ≤ 𝑛. In this case, 
𝑛 ≥ 0 is called the length of path	𝑝. The successive pairs (𝑣)1&𝑣)), 0 ≤ 𝑖 ≤ 𝑛, are edges of the path	𝑝. A single vertex 𝑣) 
also can be considered as path with length (0, 0, 0, 0). If 𝑣/ = 𝑣0, the path 𝑝 is a cycle where 𝑛 ≥ 3.  

Example 5: In figure 4, a sequence of vertices		𝑣&𝑣'𝑣( is a path with length 2 in the given Turiyam graph. 	

Definition 5: A Turiyam graph 𝑇+ = (𝐴, 𝑅) is connected if each pair of vertices has at least one Turiyam path between 
them. If not, it is disconnected Turiyam graph. 

Example 6: The Turiyam graph in figure 4 is connected while the Turiyam graph in figure 5 is not connected.  

Definition 6: If there is no edge incident at vertex	𝑣) in the Turiyam graph𝑇+ = (𝐴, 𝑅), then the vertex 𝑣) is an isolated 
vertex. 

Example 7: Consider a Turiyam graph 

 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) where 

 𝑉 = {𝑣&, 𝑣', 𝑣(, 𝑣,} and 𝐸 = {𝑣&𝑣', 𝑣&𝑣(, 𝑣'𝑣(}.  Let 𝐴 and 𝑅 be a Turiyam sets on 𝑉 and	 𝐸 respectively as shown in 
table 4 

Table 4: The tabulated form of A and R 
A 𝑣& 𝑣' 𝑣( 𝑣, R 𝑣&𝑣' 𝑣&𝑣( 𝑣'𝑣( 
t 0.4 0.1 0.6 0.8 t 0.1 0.2 0.1 
i 0.6 0.4 0.8 0.3 i 0.2 0.5 0.4 
f 0.1 0.8 0.1 0.4 f 0.7 0.1 0.8 
l 0.7 0.3 0.7 0.1 l 0.2 0.4 0.2 

Then, this Turiyam graph is given in figure 5 

 
Fig. 5: Turiyam graph with isolated vertex 

In figure 5, the Turiyam graph vertex 𝑣, is an isolated vertex.  

Definition 7: A vertex in the Turiyam graph 𝑇+ = (𝐴, 𝑅)	is referred to be a pendent vertex if it has precisely one 
neighbor. If not, then it is a non-pendent vertex.  

Remark: (i) A pendent edge is an edge which has a pendent vertex in a Turiyam graph. If not, then it is said to be non-   
pendant edge.   

 (ii) A support of the pendent edge is a vertex that is connected to a pendent vertex. 
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Example 8: Given a Turiyam graph 

 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) such that 

 𝑉 = {𝑣&, 𝑣', 𝑣(, 𝑣,} and 𝐸 = {𝑣&𝑣', 𝑣&𝑣(, 𝑣'𝑣(, 𝑣(𝑣,}.  Let 𝐴 and	𝑅 be  Turiyam sets on 𝑉 and  𝐸 respectively as shown 
in table 5 

Table 5: The tabulated form of A and R 
𝐴 𝑣& 𝑣' 𝑣( 𝑣, 𝑅 𝑣&𝑣' 𝑣&𝑣( 𝑣'𝑣( 𝑣(𝑣, 
t 0.4 0.1 0.6 0.8 t 0.1 0.2 0.1 0.5 
i 0.6 0.4 0.8 0.3 i 0.2 0.5 0.4 0.2 
f 0.1 0.8 0.1 0.4 f 0.7 0.1 0.8 0.4 
l 0.7 0.3 0.7 0.1 l 0.2 0.4 0.2 0.1 

Then, this graph given in figure 6 

 
                             Fig. 6: Turiyam graph with a pendent vertex  

Consider the above Turiyam graph. Then,  

i)  A vertex 𝑣,is a pendent vertex, whereas the vertices	𝑣&, 𝑣'and𝑣( are non-pendant vertices. 

ii)  While the edges (𝑣'𝑣() and (𝑣&𝑣() are non-pendent edges, the edge (𝑣(𝑣,)	is a pendent edge. 

iii) The vertex 𝑣( is the pendent edge’s support pendent edge	𝑣(𝑣,, whereas 𝑣, is not pendent edge’s support. 

Definition 8: If 𝐺 = (𝑉, 𝐸) is a bipartite graph, then its Turiyam graph 𝑇+ = (𝐴, 𝑅) is called a bipartite Turiyam graph.  

Definition 9: A Turiyam graph 𝑇+ = (𝐴, 𝑅) that has neither self-loops nor parallel edge is called a simple Turiyam 
graph.   

Example 9: The Turiyam graph of figure 6 is a simple Turiyam graph.   

Definition 10: Let 𝑇+ = (𝐴, 𝑅) be a Turiyam graph and let 𝑢	be any vertex of 𝑇+ .  Then, the degree of 𝑢 is the sum of 
degree of 𝑡𝑣, sum of degree of	𝑖𝑣, sum of degree of 𝑓𝑣 and sum of degree of	𝑙𝑣 of all those edges which are incident on 
vertex	𝑢 and denoted by 𝑑(𝑢) = (∑ 𝑡$(𝑣, 𝑢),234 ∑ 𝑖$(𝑣, 𝑢), ∑ 𝑓$(𝑣, 𝑢),234234 ∑ 𝑙$(𝑣, 𝑢)234 ) 

where	∑ 𝑡$(𝑣, 𝑢), ∑ 𝑖$(𝑣, 𝑢), ∑ 𝑓$(𝑣, 𝑢),234234 ∑ 𝑙$(𝑣, 𝑢)234234  denotes the sum of degree of 𝑡𝑣, sum of degree of	𝑖𝑣, 
sum of degree of 𝑓𝑣 and sum of degree of	𝑙𝑣 of all the arcs that are adjacent to 𝑢 respectively.   

Example 10: Consider the above graph. Then, 𝑑(𝑣&) = (0.3,0.7, 0.8, 0.6)and	𝑑(𝑣() = (0.8,1.1,1.3,0.7). 

Definition 12: A Turiyam graph	𝑇+ = (𝐴, 𝑅) is said to be constant if 𝑑(𝑣) = 𝑘 = (𝑘&, 𝑘', 𝑘(, 𝑘,), ∀𝑣 ∈ 𝑉. 

Example 11: Consider a Turiyam graph 

 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) where 

 𝑉 = {𝑣&, 𝑣', 𝑣(, 𝑣,} and 𝐸 = {𝑣&𝑣', 𝑣&𝑣,, 𝑣'𝑣(, 𝑣(𝑣,}.  Let 𝐴	and	𝑅 be Turiyam sets on 𝑉 and  𝐸 respectively as shown 
in table 6 

Table 6: The tabulated form of A and R 
𝐴 𝑣& 𝑣' 𝑣( 𝑣, 𝑅 𝑣&𝑣' 𝑣&𝑣, 𝑣'𝑣( 𝑣(𝑣, 
t 0.3 0.4 0.5 0.7 t 0.2 0.3 0.3 0.2 
i 0.5 0.8 0.4 0.6 i 0.4 0.2 0.2 0.4 
f 0.7 0.1 0.9 0.2 f 0.6 0.6 0.6 0.6 
l 0.9 1 0.8 0.9 l 0.8 0.5 0.5 0.8 

The graph of this example given in figure 7 
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Fig. 7: Constant Turiyam graph 

In this graph,		𝑑(𝑣&) 	= 	𝑑(𝑣') 	= 	𝑑(𝑣() 	= 	𝑑(𝑣,) 	= 	 (0.5, 0.6	,1.2, 1.3). Then, the given graph is a constant Turiyam 
graph.  	

Definition 13: Let 𝑇+ be Turiyam graph.    

(a) the order of 𝑇+, O(𝑇+) , is the number of vertices of 𝑇+ . 

(b) the size of 𝑇+, S(𝑇+), is the number of edges in𝑇+ . 

Example 12: Consider the Turiyam graph 𝑇+ 	of above example. Then, O(𝑇+) = (1.9,2.3,1.9,3.6) and S(𝑇+) =
(1,0.8,1.8,1.8).   

Definition 14: A Turiyam graph 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) is a strong Turiyam graph if  
𝑡$^𝑎)𝑏*_ = min]𝑡"(𝑎)), 𝑡"^𝑏*_a	
𝑖$^𝑎)𝑏*_ = min]𝑖"(𝑎)), 𝑖"^𝑏*_a 

𝑓$^𝑎)𝑏*_ = max]𝑓"(𝑎)), 𝑓"^𝑏*_a 

                                                    																				𝑙$^𝑎)𝑏*_ = min]𝑡"(𝑎)), 𝑡"^𝑏*_a, ∀(𝑎)𝑏*) ∈ 𝑅 

Example 13: Consider a Turiyam graph 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) where 𝑉 = {𝑣&, 𝑣', 𝑣(} and 𝐸 = {𝑣&𝑣', 𝑣'𝑣(, 𝑣(𝑣&}. 
Let 𝐴 and	𝑅 be Turiyam sets on 𝑉and 𝐸 respectively as shown in table 7.  

Table 7: The tabulated form of A and R 
𝐴 𝑣& 𝑣' 𝑣( 𝑅 𝑣&𝑣' 𝑣'𝑣( 𝑣(𝑣& 
t 0.4 0.1 0.6 t 0.1 0.1 0.4 
i 0.6 0.4 0.8 i 0.4 0.4 0.8 
f 0.1 0.8 0.1 f 0.8 0.8 0.1 
l 0.7 0.3 0.7 l 0.3 0.3 0.7 

The graphical representation of this strong Turiyam graph shown in figure 8 below 

 
Fig. 8: Strong Turiyam graph 

Theorem 1: A Turiyam graph is the extension of a neutrosophic graph.  

Proof: Let 𝑇+ = (𝐴, 𝑅) be a Turiyam graph. Assume that the liberal value for both vertex and edge set of 𝑇+ 	is zero. 
Thus, the Turiyam graph reduced to neutrosophic graph. Hence, the proof. 

Definition 15: The complement of Turiyam graph 𝑇+ = (𝐴, 𝑅) on 𝐺 is a Turiyam graph 
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	𝑇+ttt = (�̅�, 𝑅t) on 𝐺  where (𝑖)�̅� = 𝐴 

                                       (𝑖𝑖)𝑡"v(𝑣) = 𝑡"(𝑣), 𝚤"v(𝑣) = 𝑖"(𝑣), 𝑓"v(𝑣) = 𝑓"(𝑣), 𝑙"v(𝑣) = 𝑙"(𝑣)	∀𝑣 ∈ 𝑉.                   

(𝑖𝑖𝑖)𝑡$v(𝑢𝑣) = min[𝑡"(𝑢), 𝑡"(𝑣)] − 𝑡$(𝑢𝑣) 

                                                  𝚤$v(𝑢𝑣) = min[𝑖"(𝑢), 𝑖"(𝑣)] − 𝑖$(𝑢𝑣) 

                                                 𝑓$v (𝑢𝑣) = max[𝑓"(𝑢), 𝑓"(𝑣)] − 𝑓$(𝑢𝑣)	and 

                                                 𝑙$v(𝑢𝑣) = min[𝑙"(𝑢), 𝑙"(𝑣)] − 𝑙$(𝑢𝑣), ∀(𝑢𝑣) ∈ 𝐸. 

Example 14: The complement of the Turiyam graph of example 10 is as follows 

 
Fig. 9: Complement of Turiyam graph 

Definition 16: A Turiyam graph 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) is said to be a complete Turiyam graph if  
𝑡$^𝑎)𝑏*_ = min]𝑡"(𝑎)), 𝑡"^𝑏*_a	
𝑖$^𝑎)𝑏*_ = min]𝑖"(𝑎)), 𝑖"^𝑏*_a 

𝑓$^𝑎)𝑏*_ = max]𝑓"(𝑎)), 𝑓"^𝑏*_a 

                                                         															𝑙$^𝑎)𝑏*_ = min]𝑡"(𝑎)), 𝑡"^𝑏*_a, ∀𝑎) , 𝑏* ∈ 𝑉. 

Example 15: Consider a Turiyam graph 

 𝑇+ = (𝐴, 𝑅) of 𝐺 = (𝑉, 𝐸) where 

 𝑉 = {𝑣&, 𝑣', 𝑣(, 𝑣,} and 𝐸 = {𝑣&𝑣', 𝑣&𝑣,, 𝑣&𝑣(, 𝑣'𝑣(, 𝑣'𝑣,, 𝑣(𝑣,}.  Let 𝐴 and	𝑅 be Turiyam sets on 𝑉 and  𝐸 as shown 
in table 8 

Table 8: The tabulated form of A and  R 
𝐴 𝑣x 𝑣y 𝑣z 𝑣{ 𝑅 𝑣x𝑣y 𝑣x𝑣z 𝑣x𝑣{ 𝑣y𝑣z 𝑣y𝑣{ 𝑣z𝑣{ 

t 0.4 0.4 0.8 0.6 t 0.4 0.4 0.4 0.4 0.4 0.6 
i 0.8 0.5 0.2 0.7 i 0.5 0.2 0.7 0.2 0.5 0.2 
f 0.2 0.7 0.3 0.3 f 0.7 0.3 0.3 0.7 0.7 0.3 
l 0.1 0.3 0.4 0.8 l 0.1 0.1 0.1 0.3 0.3 0.4 

The graph of this example given in figure 10 below  

 
Fig. 10: Complete Turiyam graph 

The complement of every Turiyam graph is not Turiyam graph. But we have the following theorem.   

Theorem 2: The complement of complete Turiyam graph is a Turiyam graph.  

Proof: Let 𝑇+ = (𝐴, 𝑅)be complete Turiyam graph. That is, 𝑡$(𝑢𝑣) = min{𝑡"(𝑢), 𝑡"(𝑣)} , 𝑖$(𝑢𝑣) = min{𝑖"(𝑢), 𝑖"(𝑣)}, 
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𝑓$(𝑢𝑣) = max{𝑓"(𝑢), 𝑓"(𝑣)} , 𝑙$(𝑢𝑣) = min{𝑡"(𝑢), 𝑡"(𝑣)}, ∀𝑢, 𝑣 ∈ 𝑉. Then in 𝑇+ttt , 

𝑡$v (𝑢𝑣) = min[𝑡"(𝑢), 𝑡"(𝑣)] − 𝑡$(𝑢𝑣) = min[𝑡"(𝑢), 𝑡"(𝑣)] − min[𝑡"(𝑢), 𝑡"(𝑣)] = 0. Similarly,𝚤$v(𝑢𝑣)= 
𝑓$v (𝑢𝑣)=𝑙$v(𝑢𝑣) = 0, ∀(𝑢𝑣) ∈ 𝐸. Thus, (𝑡$(𝑢𝑣), 𝑖$(𝑢𝑣), 𝑓$(𝑢𝑣),𝑙$(𝑢𝑣)) = (0,0,0,0). Then, 𝑇+ttt is a Turiyam graph in 
which its edge set is null. Hence, the proof.  

4 Application of Turiyam graph 

In this section, we applied a constant Turiyam graph (CTG) to model the technology of Wi-Fi. The Wi-Fi system is a 
better way of sharing the internet with multiple devices among the customers at a given place.  There is a problem the 
professionals face in making this technology attractive and suitable for users. One of this is to arrange for the access of 
this Wi-Fi internet between two or more Wi-Fi systems. Even though researchers conducted some research like [27] to 
overcome this situation, still there is a gap.   

Recently, some of the authors paid attention to applications of the Turiyam set for self-driving intelligent cars [43] or 
searching for good journals [28]. The problem arises when the Wi-Fi system is beyond connectivity(𝑡𝑣), uncertain (𝑖𝑣) 
and dis-connectivity(𝑓𝑣).  To handle this situation, we extend [27] to CTG and the novelty of using CTG to model such 
a system is clarified.  

Wi-Fi technology is precisely described in [27]. In [27], the authors modeled the Wi-Fi system by using a constant 
single valued neutrosophic graph (CSVNG). This CSVNG only helps us to model three conditions i.e., connectivity, 
uncertainty and dis-connectivity of a Wi-Fi system [27].  On the contrary, this system cannot be modeled with CSVNG 
if the situation is beyond three conditions due to non-supporting software facilities, non-supporting towers like Jungles 
or sea areas that need exploration. This fourth dimension is named Turiyam or liberal in CTG.  Thus, CTG is useful to 
describe this Wi-Fi system precisely since it has four components. The first component shows connectivity with Wi-Fi, 
the second one shows uncertainty about the connectivity of the Wi-Fi due to some issues, the third component shows 
the Wi-Fi is not connected and the fourth component shows the Wi-Fi unknown i.e. beyond connectivity, uncertainty 
and dis-connectivity.  

An outside home Wi-Fi management contains four nodes, and those nodes denotes the Wi-Fi tools such that there exists 
a block between any two routers.  Both routers yield signals to the block between them as shown by the following 
figure 11. This signal is expressed in terms of CTG. Based on the definition of CTG, we use the degree of each vertex. 
This degree shows that each router is giving identical signal; hence the degree of each router is the same. Also, this 
means that each router gives identical to the block. Therefore, the idea of CTG plays its role in operating this system 
effectively.    

                                                       
                                                                     Fig. 11: Turiyam graph  

From this fig. 11, we have four different routers, and the edge that indicates the signal strength of routers between two 
routers. In this case, edge and node are given in terms of a Turiyam numbers such that the first number denotes 
connectivity, the second number shows uncertainty of connectivity, the third number denotes dis-connectivity, and the 
fourth number shows the unknown Wi-Fi. By the definition of CTG, the degree of every node is the same. This shows 
that the routers have been giving identical signals. Thus, the concept of CTG has its role in the practical operations of 
this Wi-Fi. The degree of 𝑣&, 𝑣', 𝑣(, 𝑎𝑛𝑑	𝑣, given in the following table. 

Table 9: vertex and its degree 
Vertex Degree 
𝑣& (0.4,0.8,1.2,1.6) 
𝑣' (0.4,0.8,1.2,1.6) 
𝑣( (0.4,0.8,1.2,1.6) 
	𝑣, (0.4,0.8,1.2,1.6) 

The benefits of Turiyam graphs rather than the concept of SVNGs are due to the liberal value. If this value is not 
considered, it is impossible to handle the conditions of this Wi-Fi system. 
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5 Results and Discussion 

 Graph theory has several versions for modeling uncertainty in a situation. In this study, a new version of graph theory 
based on the Turiyam sets was developed. This new graph is called the Turiyam graph, and it helps us model the 
uncertainty that is beyond membership, indeterminate, and non-membership in a given situation. In this paper, we 
applied this graph to the Wi-Fi technology arrangement of the smart city and its novelty has been precisely described. 

6 Conclusions  

In this study, the Turiyam graphs are introduced to represent data based on human cognition and their properties are 
derived. Moreover, we explained the degree, order and size of a Turiyam graph and identified their properties. Some 
types Turiyam graph like complete Turiyam graphs, constant Turiyam graphs and strong Turiyam graphs are discussed. 
Further, some examples included to make those definitions and results more understandable. It is discussed that the 
CTG can be useful to describe Wi-Fi system precisely than CSVNG when Wi-Fi situation unknown. It is expected that 
the concept discussed in this paper will open a new aspect of graph theory. In the near future, we extend the concept of 
Turiyam graph to regular and irregular Turiyam graph, bipolar Turiyam graph, interval valued Turiyam graph, Turiyam 
trees, Turiyam planar graphs and Turiyam coloring. The Turiyam graph will be applied in computer processing, data 
science, machine learning, telecommunication and control theory. 
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