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ABSTRACT 
Motivated by the notion of single valued neutrosophic graphs 

defined by Broumi, Talea, Bakali and Smarandache[2] and 

notion of intuitionistic fuzzy signed graphs defined by Mishra 

and Pal[8], we introduce the concept of single valued 

neutrosophic signed graphs and examine the properties of this 

new concept and examples. 
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1. INTRODUCTION 
In 1953, Harary[7] introduced the notion of balance of a 

signed graph. After that Cartwright and Harary [3] introduced 

the notion of signed graph as an application with the problems 

in social psychology. Afterward many authors [14] 

established sequential results on this concept. Nirmala and 

Prabavathi [8] introduced signed fuzzy graph. Recently, 

Mishra and Pal[8] introduced the concept of intuitionistic 

fuzzy signed graph and obtained some properties over it. In 

2016, Broumi, Talea, Bakali and Samarandache[2] defined 

single valued neutrosophic graphs and study some certain 

types of single valued neutrosophic graphs with their 

properties. Motivated by the notion of single valued 

neutrosophic graphs defined by Broumi, Talea, Bakali and 

Smarandache[2] and notion of intuitionistic fuzzy signed 

graphs defined by Mishra and Pal[8], we introduce the 

concept of single valued neutrosophic signed graphs and 

examine the properties of this new concept and examples. 

2. PRELIMINARIES 
Definition 2.1 [10]. Let X be a space of points (objects) with 

generic elements in X denoted by x; then the neutrosophic set 

A is an object of the form 

A = {< x: TA(x), IA(x), FA(x),>, x ∈  X} 

where the functions T, I, F: X→]−0,1+[ define respectively 

the a truth-membership function, an indeterminacy-

membership function, and a falsity-membership function of 

the element     x ∈ X to the set A with the condition 

0 ≤   TA(x)    + IA(x)      + FA(x)      ≤ 3+ 

The functions TA(x), IA(x) and FA(x) are real standard or 

nonstandard subsets of  ]−0,1+[. 

Definition 2.2 [14]. Let X be a space of points (objects) with 

generic elements in X denoted by x. A single valued 

neutrosophic set A (SVNS A) is characterized by truth-

membership function TA(x) , an indeterminacy-membership 

function IA(x) , and a falsity-membership function FA(x). 

For each point x in X, TA(x), IA(x), FA(x) ∈  [0, 1].   

A SVNS A can be written as 

A = {< x: TA(x), IA(x), FA(x),>, x ∈  X} 

Definition 2.3. A fuzzy graph G (σ, µ) is said to be a fuzzy 

signed graph if there is a mapping η: E → {+, −} such that 

each edge signed to {+, −} or all nodes and edges assigned to 

{+, −}. When we assign {+ o r −} to each of the nodes called 

vertex signed fuzzy graph. 

For assignment of sign to any edge we follow some rule, 

according to the problems or relations between the objects we 

define some α after it we take an α-cut for the set of edges, 

than we assign positive or negative sign to the edges appear in 

α-cut set and alternate sign for those edges which are not in α-

cut set. 

In the following fuzzy graph shown in figure 1, we assume α 

= .4, thus α-cut set for edge set contain only two edges v1v2 

and v1v4. So we assign positive sign to these edges and for 

remaining we assigned it by negative sign. 

 

Figure 1: Fuzzy graph and its signed graph 

 
Definition 2.4:- Sum of the membership values of all incident 

positive edge to v is known as positive degree of any vertex v, 

i.e. deg+[σ(v)] =    μ+(v, vi)   μ+(v,v i ) ∈ E .   

Similarly, by negative degree we mean 

deg-[σ(v)] =    μ−(v, vi)   μ−(v,v i ) ∈ E .  

And sign degree of any vertex v is difference between 

deg+[σ(v)] and deg−[σ(v)], it is denoted by sdeg(v),  

 i.e. sdeg(v) = |deg+[σ(v)] − deg−[σ(v)]|. 

Example 1. An example to calculate sign degree of all nodes 

of a fuzzy signed graph. 

 

Figure 2: Signed fuzzy graph 
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Sign degree of vertices for signed fuzzy graph shown in figure 

2 are  

sdeg(v1) = |(0.5+0.6)−(0.2+0.3)| = |1.1− 0.5| = 0.6,  

sdeg(v2) = |(0.5+0.7)−0| = |1.2 − 0| = 1.2,  

sdeg(v3) = |(0.6+0.7)−0| = |1.3 − 0| =1.3,  

sdeg(v4) = |0 − (0.3 +0.2)| = |0 − 0.5| = 0.5,  

sdeg(v5) = |0 − (0.2 + 0.2)| = |0 − 0.4| = 0.4. 

Definition 2.5 : Let A = (TA, IA, FA) and B = (TB, IB, FB) be 

single valued neutrosophic sets on a set X. If A = (TA, IA, FA) 

is a single valued neutrosophic relation on a set X, then                        

A = (TA, IA, FA) is called a single valued neutrosophic relation 

on B = (TB, IB, FB) if  

TB(x,y) ≤ min (TA(x), TA(y)) 

IB(x,y) ≥max (IA(x), IA(y)) and 

FB(x,y) ≥max (FA(x),FA(y)) for all x, y ∈ X. 

A single valued neutrosophic relation A on X is called 

symmetric if 

𝑇𝐴 𝑥, 𝑦 = 𝑇𝐴 𝑦, 𝑥 , 

𝐼𝐴 𝑥, 𝑦 = 𝐼𝐴 𝑦, 𝑥 , 𝐹𝐴 𝑥, 𝑦 = 𝐹𝐴 𝑦, 𝑥  𝑎𝑛𝑑 

𝑇𝐵 𝑥, 𝑦 = 𝑇𝐵 𝑦, 𝑥 , 𝐼𝐵 𝑥, 𝑦 = 𝐼𝐵 𝑦, 𝑥  𝑎𝑛𝑑 

𝐹𝐵 𝑥, 𝑦 = 𝐹𝐵 𝑦, 𝑥 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥, 𝑦 ∈ 𝑋. 

Throughout this paper, we denote G* = (V, E) a crisp graph, 

and G = (A, B) a single valued neutrosophic graph. 

Definition 2.6[2] A single valued neutrosophic graph     

(SVN-graph) with underlying set V is defined to be a pair     

G = (A, B) where 

1. The functions 𝑇𝐴: 𝑉 →  0,1  ,𝐼𝐴: 𝑉 →  0,1  ,  

, 𝐹𝐴: 𝑉 →  0,1  denote the degree of truth-

membership, degree of indeterminacy-membership 

and falsity-membership of the element  𝑣𝑖 ∈ 𝑉 

respectively and 

0 ≤ 𝑇𝐴 𝑣𝑖 + 𝐼𝐴 𝑣𝑖 + 𝐹𝐴 𝑣𝑖 ≤ 3  

𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣𝑖 ∈ 𝑉 𝑖 = 1,2, … , 𝑛  

2. The functions 𝑇𝐵 : 𝐸 ≤ 𝑉 × 𝑉 →  0,1 , 

  𝐼𝐵 : 𝐸 ≤ 𝑉 × 𝑉 →  0,1    𝑎𝑛𝑑 

                                               𝐹𝐵: 𝐸 ≤ 𝑉 × 𝑉 →  0,1   

are defined by 

𝑇𝐵 𝑣𝑖 , 𝑣𝑗  ≤ min[𝑇𝐴 𝑣𝑖 , 𝑇𝐴(𝑣𝑗 )] 

𝐼𝐵 𝑣𝑖 , 𝑣𝑗  ≥ 𝑚𝑎𝑥[𝐼𝐴 𝑣𝑖 , 𝐼𝐴(𝑣𝑗 )]𝑎𝑛𝑑 

𝐹𝐵 𝑣𝑖 , 𝑣𝑗  ≥ 𝑚𝑎𝑥[𝐹𝐴 𝑣𝑖 , 𝐹𝐴(𝑣𝑗 )] 

Denotes the degree of truth-membership, indeterminacy-

membership and falsity-membership of the edge  vi , vj ∈ E 

respectively, where 

0 ≤ 𝑇𝐵 𝑣𝑖 , 𝑣𝑗  + 𝐼𝐵 𝑣𝑖 , 𝑣𝑗  + 𝐹𝐵 𝑣𝑖 , 𝑣𝑗  ≤ 3  

𝑓𝑜𝑟 𝑎𝑙𝑙 (𝑣𝑖 , 𝑣𝑗 ) ∈ 𝐸 𝑖, 𝑗 = 1,2, … , 𝑛  

We call A the single valued neutrosophic vertex set of V,      

B the single valued neutrosophic edge set of E, respectively. 

Note that B is a symmetric single valued neutrosophic relation 

on A. We use the notation for an element of E. Thus,              

G = (A, B) is a single valued neutrosophic graph of             

G*= (V, E) if 

𝑇𝐵 𝑣𝑖 , 𝑣𝑗  ≤ min[𝑇𝐴 𝑣𝑖 , 𝑇𝐴(𝑣𝑗 )] 

𝐼𝐵 𝑣𝑖 , 𝑣𝑗  ≥ 𝑚𝑎𝑥[𝐼𝐴 𝑣𝑖 , 𝐼𝐴(𝑣𝑗 )]𝑎𝑛𝑑 

𝐹𝐵 𝑣𝑖 , 𝑣𝑗  ≥ 𝑚𝑎𝑥[𝐹𝐴 𝑣𝑖 , 𝐹𝐴(𝑣𝑗 )]    𝑓𝑜𝑟 𝑎𝑙𝑙  𝑣𝑖 , 𝑣𝑗  ∈ 𝐸 

Example2. Consider a graph G* such that 

V =  v1, v2, v3, v4 ,  E =  v1v2, v2v3, v3v4, v4v1 . Let A be a 

single valued neutrosophic subset of V and let B a single 

valued neutrosophic subset of E denoted by 

 
 𝑣1 𝑣2 𝑣3 𝑣4 

𝑇𝐴 0.4 0.5 0.3 0.2 
𝐼𝐴 0.2 0.2 0.5 0.4 
𝐹𝐴 0.5 0.3 0.6 0.3 

     
 𝑣1𝑣2  𝑣2𝑣3 𝑣3𝑣4 𝑣4𝑣5 

𝑇𝐵  0.4 0.3 0.2 0.1 
𝐼𝐵  0.2 0.5 0.5 0.4 
𝐹𝐵 0.5 0.6 0.6 0.5 

 
 

 

Figure 3:- G: Single valued neutrosophic graph 

In figure 3, 

i. (v1, 0.4, 0.2, 0.5) is single valued neutrosophic 
vertex or SVN-vertex. 

ii. (v1v2, 0.4, 0.2, 0.5) is a single valued neutrosophic 
edges or SVN-edge. 

iii. (v1, 0.4, 0.2, 0.5) and (v2, 0.5, 0.2, 0.3) are single 
valued neutrosophic adjacent vertices. 

iv. (v1v2, 0.4, 0.2, 0.5) and (v1v4, 0.1, 0.4, 0.5) ) are 
single valued neutrosophic adjacent edge. 

3. SINGLE VALUED SIGNED 

NEUTROSOPHIC GRAPH  
Definition 3.1:- A single valued neutrosophic graph G  is said 

to be single valued signed neutrosophic graph 

 if σ: E G  →  +1, −1  is a function associated from E G   of 

G  such that each edges signed to  +, −  or all edges and nodes 

are signed to  +, − . 

We assign E G  →  +1, −1  on the comparison basis of its 

truth-membership,   indeterminacy-membership and falsity-

Membership values. If the truth-membership value is greater 

than both indeterminacy-membership and falsity-Membership 

values, we assign it positive and in reverse case we assign it 

negative and in case of equality we keep it unsigned. 

Definition 3.2:- For a single valued neutrosophic graph any 

vertex is said to be positive or negative signed if  
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σ: V G  →  +1, −1  is positive or negative, where σ is a 

function associated from V G   of G  on the comparison basis 

of truth-membership, indeterminacy-membership  and  falsity-

membership values of V, similar as edge sign. 

A single valued signed neutrosophic graph is said to be 

positive if all the edges gets positive sign or only even number 

of edges have negative sign, basically, sign of SVSNG is 

determined by the product of the signs of all edges. Similarly, 

a SVSNG is said to be negative signed if odd number of edges 

of SVSNG are negative. 

Lemma 3.3:- A single valued neutrosophic signed graph is a 

single valued neutrosophic positive signed graph if every even 

length cycles having all negative signed nodes. 

Proof:. In the following figure 4, if all the edges contains 

negative sign in even length cycle then the product of edges 

sign is always positive hence it is always a positive signed 

graph. 

 

Figure 4: Positive single valued signed neutrosophic graph 

Corollary 3.4:- Odd length cycle having all negative signed 

nodes is always a negative signed graph. 

Definition 3.5:- A single valued signed neutrosophic graph is 

said to be balanced if every cycle of the graph have even 

number of negative signed edges or all positive signed edges. 

We say SVSNG is completely balanced if 

 Ti
n
i=1  = Ii

n
i=1  =  Fi

n
i=1   for all edges of G. 

 

Figure 5: Balanced single valued signed neutrosophic 

graph 

Proposition 3.6:- An odd length single valued signed 

neutrosophic cycle is balanced iff it contains at least one 

positive edge or odd number of positive edges. 

Definition 3.7:- Frustration number is defined as the 

minimum number of edges required to remove from a graph 

to make a graph balanced. 

In a crisp graph frustration number is calculated by just 

removing the negative signed edges so that each cycle in the 

graph becomes positive so we obtain balanced signed graph 

but we select that edges arbitrarily, there is no rule to select 

such edges. But in single valued signed neutrosophic graph 

we follow some algorithmic approach to delete such edges. 

The steps are as follows: 

• collect all negative edges 

• select edge having minimum membership and 

maximum non-membership  

• remove the selected edge and continue the process 

till we get all positive cycle in the graph.  

For any nodes and edges, we represented truth-membership 

value by T, indeterminacy-membership value by I and falsity-

membership F and for any two adjacent positive node 

following proposition holds good. 

Proposition 3.8:- An edge e(T, I, F) joining two positive 

nodes u(T1, I1, F1) and v(T2, I2, F2) is positive signed if T1 

> I2  and F2 or T2 > I1 and F1. 

Proof:-  For an edge e = uv, we know T = min {T1, T2}, I = 

max {I1, I2} and F = max {F1, F2} and since nodes are 

positive thus T1 > I1 and F1  and  T2 > I2 and F2 . Thus, in 

this case for positive signed edge, truth-membership value of 

edge have to be greater than indeterminacy-membership value 

and falsity-membership value and it is possible only either if 

T1 > I2 and F2 or T2 > I1 and F1. 

Definition 3.9:-The complement of a single valued 

neutrosophic graph G = (A ,B) on G* is a single valued 

neutrosophic graph G  on G* where 

1) 𝐴 = 𝐴 

2) 𝑇𝐴
     𝑣𝑖 = 𝑇𝐴 𝑣𝑖 , 𝐼𝐴  𝑣𝑖 = 𝐼𝐴 𝑣𝑖 , 𝐹𝐴

    𝑣𝑖 = 𝐹𝐴 𝑣𝑖 , 

or all  𝑣𝑖 ∈ 𝑉 

 

3) 𝑇𝐵
    𝑣𝑖 , 𝑣𝑗  = 𝑚𝑖𝑛 𝑇𝐴 𝑣𝑖 , 𝑇𝐴 𝑣𝑗   − 𝑇𝐵 𝑣𝑖 , 𝑣𝑗   

𝐼𝐵  𝑣𝑖 , 𝑣𝑗  = 𝑚𝑎𝑥 𝐼𝐴 𝑣𝑖 , 𝐼𝐴 𝑣𝑗   − 𝐼𝐵 𝑣𝑖 , 𝑣𝑗   𝑎𝑛𝑑 

𝐹𝐵
    𝑣𝑖 , 𝑣𝑗  = 𝑚𝑎𝑥 𝐹𝐴 𝑣𝑖 , 𝐹𝐴 𝑣𝑗   − 𝐹𝐵 𝑣𝑖 , 𝑣𝑗   

𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣𝑖 , 𝑣𝑗  ∈ 𝐸 

Example3.:- An example of Complement of a single valued 

signed neutrosophic 

 

Figure 6 :- Complement of a single valued signed 

neutrosophic graphs 

Theorem 3.10:- Complement graph of a balanced single 

valued signed neutrosophic graph is always positive if it is of 

odd length cycle. 

Proof. We know that complement of odd length cycle with n 

number of nodes is (n − 3)-regular graph with n number of 

nodes. Thus for odd n, n − 3 is always even, so each nodes are 

connected by even number of edges. Hence for any negative 

nodes in complement graph there always exist an even 

number of negative edges whose product is always positive. 

Hence overall product of sign is always remains positive. 

Theorem 3.11:- Complement of a single valued signed 

neutrosophic path signed graph Pn
  where   n is odd is positive 

sign graph iff either all nodes or at least end nodes of Pn
  are 

negative. 
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Proof. As we know that complement of a path graph have   

n(n − 3)/2 + 1 edges, we may say that complement of path 

graph with n number of nodes is (n − 3)-regular with an extra 

edge between the end nodes. Thus if path  Pn
  have odd 

number of nodes then each node have even degree except end 

nodes of path  Pn
  i.e., sign of complement graph depends upon 

that extra edge only joins the end nodes of Pn
 , as if end node 

of Pn
  are negative than  its complement graph it becomes 

positive so the edge associated with it also become positive. 

Hence the overall multiplication of the signs of all edges in 

complement of Pn
  is always remain positive. 

4. CONCLUSION 
In this work, we introduced a single valued signed 

neutrosophic graph In future we can extend this concept to 

many others neutrosophic graphs and also many properties 

could be derived.  
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