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PROPER m−POLAR SOFT FUZZY GRAPHS

S. Ramkumar1 and R. Sridevi

ABSTRACT. In this research paper, m−polar soft fuzzy graphs, proper m−polar
soft fuzzy graphs and totally proper m−polar soft fuzzy graphs have been pre-
sented. An indispensable and appropriate situation in which these graphs cor-
respond with each other is given. There is also mention about the description
of proper 3−polar soft fuzzy graphs on cycle and peterson graph.

1. INTRODUCTION

In 1735, the concept of graph theory originated from Konigsberg bridge prob-
lem. The Eulerian graph is a resultant of this problem. The Konigsberg bridge
problem was analysed by Euler and later he built a framework to rectify the
problem, which was named after him as Eulerian graph. Based on Zadeh’s fuzzy
relations in 1971, Haufmann introduced the first definition of fuzzy graph in
1973. The concept of fuzzy graph was presented by Rosenfeld [11] in 1975.
Also, he accounted the fuzzy relations amid fuzzy sets and after acquiring analogs
of various graph theoretical perception he established the framework of fuzzy
relations.
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1.1. Review of Literature. To resolve the ambiguities, a concept named soft set
theory was introduced as an innovative mathematical device by Molodtsov [7].
It is thus proved that soft sets are a highly potential idea and it is applied in
several domains like game theory, smoothening the functions, research opera-
tions, Probability theory, Measurement theory, Riemann integration and Perron
integration [7] [8]. Soft sets based fuzzy sets and fuzzy soft sets were discussed
by Ali et al. [1]. In 2014, m−polar fuzzy graphs were defined by Juanjuan chen
at al. [5]. A few functions on soft graphs were proposed by M.Akaram, and
Nawaz. S [3]. In 2008, the concept called regular fuzzy graphs were presented
by A.Nagoor Gani and K.Radha [10]. Mohinta Sumit, Samanta.T.K. [9] initiated
the idea of fuzzy soft graph. The concept of m−polar fuzzy graph was presented
by J.Chen and S.Li, S.Max, X.Wang. These inventions stimulate our intention to
explainm−polar soft fuzzy graphs and totally regularm−polar soft fuzzy graphs
and analyse some of their features. m = 3 is the proven result. Right through
the paper, the set of values taken by the vertex and edge membership functions
is represented by m.

2. PRELIMINARIES

Definition 2.1. Let V be a nonempty finite set and σ : V → [0, 1]. Again,let
µ : V × V → [0, 1] such that µ(x, y) ≤ σ(x)Λσ(y)∀(x, y) ∈ V × V .Then the pair
G : (σ, µ) is called fuzzy graph over the set V. Here σ and µ are respectively called
the fuzzy vertex and fuzzy edge of the fuzzy graph(σ, µ).

Definition 2.2. Let V be a non-empty set of vertices, E be the set of parameters
and A ⊆ E.

(i) If ρ : A 7−→ F (V ) (collection of all fuzzy subsets in V ), e → ρ(e) = ρe (say)
and ρe : V → [0, 1], xi 7−→ ρe(xi), then (A, ρ) : is a fuzzy soft vertex.

(ii) If µ : A → F (V × V )(collection of all fuzzy subsets in E), ρ 7→ µ(e)(say)
and µe : V × V → [0, 1], (xi, xj) 7→ µe(xi, xj), then (A, µ) : is a fuzzy soft edge.

Also, ((A, ρ), (A, µ)) is called fuzzy soft graph if and only if µe(xi, xj) ≤ ρe(xi) ∧
ρe(xj) for all e ∈ A and for all i, j = 1, 2, . . . , n and this fuzzy soft graph is denoted
by GA,V .

Definition 2.3. Let G∗ = (V,E) be a crisp graph and GA,V be a fuzzy soft graph
of G∗. Then GA,V is said to be regular fuzzy soft graph if HA,V (e) is a regular fuzzy
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graph for all e ∈ A, if HA,V (e) is a regular fuzzy graph of degree r for all e ∈ A,
then GA,V is a r− regular fuzzy soft graph.

Definition 2.4. Let G∗ = (V,E) be a crisp graph and GA,V be a fuzzy soft graph of
G∗. Then GA,V is said to be totally regular fuzzy soft graph if HA,V (e) is a totally
regular fuzzy graph for all ei ∈ A,if HA,V (e) is a totally regular fuzzy graph of
degree r for all e ∈ A, then GA,V is a r− totally regular fuzzy soft graph.

Definition 2.5. Let GA,V = ((A, ρ), (A, µ)) be a fuzzy soft graph. The degree of a
vertex u is defined as dGA,V

(u) =
∑

ei∈A(
∑

u6=v µei(u, v)).

Definition 2.6. Let GA,V = ((A, ρ)(A, µ)) be a fuzzy soft graph. The total degree
of a vertex u is defined as tdGA,V

= dGA,V
(u) +

∑
ei∈A ρei(u).

Definition 2.7. An m−polar fuzzy graph with an underlying pair (V,E) (where
E ⊆ V ×V is symmetric) is defined to be a pair G = (A,B) where A : V → [0, 1]m

and B : E → [0, 1]m satisfying B(xy) ≤ min{A(x), A(y)} for all x ∈ E.

Definition 2.8. Let U be an initial universe, P the set of all parameters, A ⊂ P
and P(U) the collection of all fuzzy subsets of U . Then (F̃ , A) is called soft fuzzy
set, where F̃ : A → P(U) is a mapping called fuzzy approximate function of the
fuzzy set (F̃ , A).

3. m−POLAR SOFT FUZZY GRAPHS

Definition 3.1. An m−polar soft fuzzy graph G̃P,V = (G∗, ρ̃, µ̃, P ) is a 4− tuple
such that

(i) G∗ = (V,E) is a simple graph;
(ii) P is a nonempty set of parameters;

(iii) ρ̃ : P → F (V )(collection of all fuzzy subsets in V ), e → ρ̃(e) = ρ̃e(say),
and ρ̃e : V → [0, 1]m, (x1, x2, . . . , xm) 7→ ρ̃e (x1, x2, . . . , xm); (ρ̃, P ) is a
m−polar soft fuzzy set over V ;

(iv) µ̃ : P → F (V ×V ) ( collection of all fuzzy subsets in V ×V ), e 7→ µ̃(e) = µ̃e

(say), and µ̃e : V × V → [0, 1]m, (x1, x2, . . . , xm) 7→ µ̃e(x1, x2, . . . , xm);
(µ̃, P ) is a m−polar soft fuzzy set over E;

(v) (ρ̃e, µ̃e) is a m−polar fuzzy subgraph of G∗ for all e ∈ P . That is,
µ̃ex1(uv) ≤ (ρ̃ex1(u) ∧ ρ̃ex1(v))

µ̃ex2(uv) ≤ (ρ̃ex2(u) ∧ ρ̃ex2(v))
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...
µ̃exm(uv) ≤ (ρ̃exm(u) ∧ ρ̃exm(v))

for all e ∈ P and u, v ∈ V .

The m−polar fuzzy graph (ρ̃e, µ̃e) is denoted by H̃P,V (e) for convenience. In oth-
erwise, a m−polar soft fuzzy graph is a parameterized family of m−polar fuzzy
graphs.

Example 1. Consider a 3−polar soft fuzzy graph G̃P,V be a underlying on G∗ =

(V,E) such that V = {a1, a2, a3} and P = {e1, e2} be a parameter set and let
E = {a1a2, a2a3, a3a1}.

u

u u u u

ua1(0.3, 0.2, 0.4)

(0.2, 0.1, 0.1)

a2(0.4, 0.3, 0.1)

(0.4, 0.2, 0.1)

a3(0.6, 0.2, 0.4)

H̃P,V (e1)

(0.2, 0.1, 0.3)

a1(0.2, 0.6, 0.9)

(0.1, 0.4, 0.2)

a2(0.6, 0.4, 0.2)

(0.6, 0.3, 0.2)

a3(0.6, 0.9, 0.8)

(0.1, 0.6, 0.8)

H̃P,V (e2)

Fig.1
Thus H̃P,V (e1) = (ρ̃(e1), µ̃(e1)), H̃P,V (e2) = (ρ̃(e2), µ̃(e2)) are 3−polar fuzzy

graphs of G∗. It is easy to verify that G̃P,V = (G∗, ρ̃, µ̃, P ) is a 3−polar soft fuzzy
graph.

Definition 3.2. Let G∗ = (V,E) be a underlying graph and G̃P,V be a m−polar
soft fuzzy graph of G∗. Then G̃P,V is said to be a proper m−polar soft fuzzy graph
if H̃P,V (e) is a proper m−polar fuzzy graph for all e ∈ P . If H̃P,V (e) is a proper
m−polar fuzzy graph of degree S for all e ∈ P, then G̃P,V is a S− proper m−polar
soft fuzzy graph.

Definition 3.3. Let G∗ = (V,E) be a underlying graph and G̃P,V be a m−polar
soft fuzzy graph of G∗. Then G̃P,V is said to be a totally proper m−polar soft fuzzy
graph if H̃P,V (e) is a totally proper m−polar fuzzy graph for all e ∈ P . If H̃P,V (e)

is a totally proper m−polar fuzzy graph of degree S for all e ∈ P , then G̃P,V is a
S− totally proper m−polar soft fuzzy graph.
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4. SOME PROPERTIES OF PROPER, TOTALLY PROPER 3−POLAR SOFT FUZZY

GRAPH

Proposition 4.1. A proper 3−polar soft fuzzy graph is redundant to be a totally
proper 3−polar soft fuzzy graph.

Example 2. Consider a 3−polar soft fuzzy graph G̃P,V be a underlying graph on
G∗(V,E) such that V = {a1, a2, a3, a4, a5, a6} and let P = {e1, e2} be a parameter
set and E = {a1a2, a2a3, a3a4, a4a5, a5a6, a6a1}.

s s
s s

ss

a1(0.4, 0.6, 0.6)
(0.2, 0.3, 0.4)

a2(0.6, 0.7, 0.8)

(0.3, 0.2, 0.6)

a3(0.7, 0.4, 0.6)

(0.2, 0.3, 0.4)

a4(0.4, 0.6, 0.9)

(0.3, 0.2, 0.6)

a5(0.7, 0.5, 0.6)

(0.2, 0.3, 0.4)

a6(0.5, 0.6, 0.8)

(0.3, 0.2, 0.6) s s
s s

ss
H̃P,V (e1)

a1(0.4, 0.2, 0.3)
(0.3, 0.1, 0.2)

a2(0.3, 0.2, 0.4)

(0.1, 0.2, 0.2)

a3(0.4, 0.5, 0.6)

(0.3, 0.1, 0.2)

a4(0.3, 0.3, 0.2)

(0.1, 0.2, 0.2)

a5(0.4, 0.6, 0.5)

(0.3, 0.1, 0.2)

a6(0.3, 0.4, 0.2)

(0.1, 0.2, 0.2)

H̃P,V (e2)

Fig.2

By performing usual calculations easy to see that 3−polar fuzzy graph
H̃P,V (e1) = (ρ̃(e1), µ̃(e1)), H̃P,V (e2) = (ρ̃(e2), µ̃(e2)).

In Fig.2. we have dH̃P,V
(e1)(aj) = (0.5, 0.5, 1.0) ∀j = 1, 2, 3, 4, 5, 6. Thus H̃P,V (e1)

is a (0.5, 0.5, 1.0)− proper 3−polar fuzzy graph. and dH̃P,V
(e2)(aj) = (0.4, 0.3, 0.4)

∀j = 1, 2, 3, 4, 5, 6. Thus H̃P,V (e2) is a (0.4, 0.3, 0.4)− proper 3−polar fuzzy graph.
Hence, G̃P,V is a (0.9, 0.8, 1.4)− proper 3−polar soft fuzzy graph. So, G̃P,V =

{H̃P,V (e1), H̃P,V (e2)} is a proper 3−polar soft fuzzy graph but not totally proper
3−polar soft fuzzy graph.

Proposition 4.2. A totally proper 3−polar soft fuzzy graph is redundant to be a
proper 3−polar soft fuzzy graph.

Example 3. Consider a 3−polar soft fuzzy graph G̃P,V be a underlying graph on
G∗(V,E) such that V = {a1, a2, a3} where E = {a1a2, a2a3, a3a1}and let P =

{e1, e2} be a parameter set.

In Fig.3. By performing routine computations H̃P,V (e1) = (ρ̃(e1), µ̃(e1)),

H̃P,V (e2) = (ρ̃(e2), µ̃(e2)) are totally proper 3−polar fuzzy graphs. Hence G̃P,V =

{H̃P,V (e1), H̃P,V (e2)} is a totally proper 3−polar soft fuzzy graph but not proper
3−polar soft fuzzy graph.
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u
uu u

u ua1(0.3, 0.4, 0.6)

(0.3, 0.1, 0.2)

a2(0.4, 0.6, 0.8)
(0.1, 0.1, 0.2)

a3(0.5, 0.4, 0.6)

(0.2, 0.3, 0.4)

H̃P,V (e1)

a1(0.3, 0.6, 0.6)

(0.3, 0.4, 0.2)

a2(0.4, 0.6, 0.5)

(0.2, 0.3, 0.2)

a3(0.4, 0.7, 0.6)

(0.3, 0.3, 0.1)

H̃P,V (e2)

Fig.3

Proposition 4.3. A 3−polar soft fuzzy graph is both proper and totally proper
3−polar soft fuzzy graph.

Example 4. Consider a 3−polar soft fuzzy graph G̃P,V be a underlying graph on
G∗(V,E) such that V = {a1, a2, a3, a4} where P = {e1, e2} be a parameter set and
let E = {a1a2, a2a3, a3a4, a1a4}.

s s

ss s

s

s

s

H̃P,V (e1) H̃P,V (e2)

a1(0.3, 0.2, 0.4)

(0.2, 0.2, 0.4)

a2(0.3, 0.2, 0.4)

(0.3, 0.2, 0.3)

a3(0.3, 0.2, 0.4)
(0.2, 0.2, 0.4)

a4(0.3, 0.2, 0.4)

(0.3, 0.2, 0.3)

a1(0.4, 0.6, 0.2)

(0.3, 0.2, 0.1)

a2(0.4, 0.6, 0.2)

(0.2, 0.2, 0.1)

a3(0.4, 0.6, 0.2)
(0.3, 0.2, 0.1)

a4(0.4, 0.6, 0.2)

(0.2, 0.2, 0.1)

Fig.4

Hence G̃P,V = {H̃P,V (e1), H̃P,V (e2)}. Hence A 3−polar soft fuzzy graph having
a proper and totally proper 3−polar soft fuzzy graph.

Remark 4.1. It is explicit from the above examples that generally proper 3−polar
soft fuzzy graph and totally proper 3− polar soft fuzzy graphs are not associated
with each other. Nonetheless, in the following theorem, an indispensable and ap-
propriate situation in which both these 3−polar soft fuzzy graphs are identical is
given.

5. MAIN RESULTS

Theorem 5.1. Let G̃P,V = ((P, ρ̃) , (P, µ̃)) be a 3−polar soft fuzzy graph on G∗ =

(V,E). Then ρ̃ei = (C1, C2, C3) is a constant function in 3−polar fuzzy graph
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H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n for all if and only if the following
are equivalent:

(i) G̃P,V is a (P1,P2,P3)- proper 3−polar soft fuzzy graph.
(ii) G̃P,V is a (T1, T2, T3)- a totally proper 3−polar soft fuzzy graph.

Proof. Assume that ρ̃e is a constant function. Then ρ̃ei(u) = (C1, C2, C3) in which
(C1, C2, C3) are constant, (C1, C2, C3) ∈ [0, 1]m ∀ ei ∈ P for i = 1, 2, 3, . . . , n and
for all u ∈ V . Assume that G̃P,V is a (P1,P2,P3)- proper 3−polar soft fuzzy
graph. dG̃P,V

(u) = (P1,P2,P3) in 3−polar fuzzy graphs H̃P,V (ei) for all ei ∈ P

for i = 1, 2, 3, . . . , n ∀u ∈ V . It follows that tdG̃P,V
(u) = dG̃P,V

(u) +
∑

ei∈P ρ̃ei(u)

in H̃P,V (ei) ∀ei ∈ P for i = 1, 2, 3, . . . , n and for all u ∈ V , and is equal to
dG̃P,V

(u) + (C1, C2, C3).
Therefore, tdG̃P,V

(u) = (P1+C1,P2+C2,P3+C3) = (T1, T2, T3) in 3−polar fuzzy

graphs H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n ∀u ∈ V.
G̃P,V is a (T1, T2, T3)- totally proper 3−polar soft fuzzy graph.
Thus (i)⇒ (ii).

Now, suppose that G̃P,V is a (T1, T2, T3) totally proper 3−polar soft fuzzy graph.
Then tdG̃P,V

(u) = (T1, T2, T3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and

for all u ∈ V . It follows that dG̃P,V
(u) +

∑
ei∈P ρ̃ei(u) = (T1, T2, T3) in H̃P,V (ei) for

all ei ∈ P for i = 1, 2, 3, . . . , n and for all u ∈ V . Further, dG̃P,V
(u) + (C1, C2, C3) =

(T1, T2, T3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all u ∈ V .
Therefore,⇒ dG̃P,V

(u) = (T1 − C1, T2 − C2, T3 − C3) = (P1,P2,P3) in H̃P,V (ei) for

all ei ∈ P for i = 1, 2, 3, . . . , n and for all u ∈ V . So, G̃P,V is a (P1,P2,P3)-proper
3−polar soft fuzzy graph.

Thus (ii)⇒ (i) is proved.
Hence (i) and (ii) are equivalent.

On the contrarily, assume that (i) and (ii) are equivalent, i.e, G̃P,V is a (P1,P2,

P3) proper if and only if G̃P,V is a (T1, T2, T3) totally proper 3−polar soft fuzzy
graph.

Suppose that ρ̃e is not a constant function. Then
∑

ei∈P ρ̃ei(u) 6=
∑

ei∈P ρ̃ei(v)

for at least one pair of vertices u, v ∈ V and for all ei ∈ P for i = 1, 2, 3, . . . , n.
Let G̃P,V be a (P1,P2,P3) proper 3−polar soft fuzzy graph. Then dG̃P,V

(u) =

dG̃P,V
(v) = (P1,P2,P3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all

u ∈ V . So, tdG̃P,V
(u) = dG̃P,V

(u) +
∑

ei∈P ρ̃ei(u) for all ei ∈ P for i = 1, 2, 3, . . . , n
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and for all u, v ∈ V . Therefore,

tdG̃P,V
(u) = (P1,P2,P3) +

∑
ei∈P

ρ̃ei(u)

and

tdG̃P,V
(v) = dG̃P,V

(v) +
∑
ei∈P

ρ̃ei(v)

in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all u, v ∈ V . tdG̃P,V
(v) =

(P1,P2,P3) +
∑

ei∈P ρ̃ei(v) in H̃P,V (ei)for all ei ∈ P for i = 1, 2, 3, . . . , n and
for all u, v ∈ V . As ρ̃e(u) 6= ρ̃e(v), we have tdG̃P,V

(u) 6= tdG̃P,V
(v). Therefore,

G̃P,V is not totally proper 3−polar soft fuzzy graph, which is a contrary to our
assumption. Now let G̃P,V be a totally proper 3−polar soft fuzzy graph. Then
tdG̃P,V

(u) = tdG̃P,V
(v) ⇒ dG̃P,V

(u) +
∑

ei∈P ρ̃ei(u) = dG̃P,V
(v) +

∑
ei∈P ρ̃ei(v) in

H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all u, v ∈ V . It follows
dG̃P,V

(u) − dG̃P,V
(v) =

∑
ei∈P ρ̃ei(u) −

∑
ei∈P ρ̃ei(v) 6= 0, and dG̃P,V

(u) 6= dG̃P,V
(v)

in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and ∀u, v ∈ V . Therefore, G̃P,V is
not proper 3−polar soft fuzzy graph, which is contrary to our assumption. Thus
ρ̃ is a constant function. �

Theorem 5.2. If a 3−polar soft fuzzy graph G̃P,V is both (P1,P2,P3)-proper and
(T1, T2, T3) totally proper, then

∑
ei∈P ρ̃ei is a constant function in H̃P,V (ei) of G∗

for all ei ∈ P for i = 1, 2, 3, . . . , n.

Proof. Proof. Let G̃P,V is a (P1,P2,P3) proper and (T1, T2, T3) totally proper. Then
dG̃P,V

(u) = (P1,P2,P3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all

u ∈ V and tdG̃P,V
(u) = (T1, T2, T3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n

and for all u ∈ V. It follows dG̃P,V
(u) +

∑
ei∈P ρ̃ei(u) = (T1, T2, T3) in H̃P,V (ei)

for all ei ∈ P for i = 1, 2, 3, . . . , n and for all u ∈ V . Also, (P1,P2,P3) +∑
ei∈P ρ̃ei(u) = (T1, T2, T3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and

for all u ∈ V . Therefore,
∑

ei∈P ρ̃ei(u) = (T1 − P1, T2 − P2, T3 − P3) = (C1, C2, C3)
in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all u ∈ V . Also follows,∑

ei∈P ρ̃ei(u) = (C1, C2, C3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for
all u ∈ V . Therefore

∑
ei∈P ρ̃ei is a constant function in H̃P,V (ei) of G∗ for all

ei ∈ P for i = 1, 2, 3, . . . , n. �
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Remark 5.1. Generally, the contrariness of the above theorem is not factual. That
is, it is redundant for G̃P,V to be both proper and totally proper 3−polar soft fuzzy
graph if ρ̃ei(u) is a constant function.

6. A CHARACTERIZATION OF PROPER 3-POLAR SOFT FUZZY GRAPH ON CYCLE

Next two theorems provide a characterization of a proper 3−polar soft fuzzy
graph G̃P,V such that G∗P,V is a cycle.

Theorem 6.1. Let on an odd cycle G∗(V,E), G̃P,V be a 3−polar soft fuzzy graph.
Then G̃P,V is proper 3−polar soft fuzzy graph if and only if µ̃ is a constant function
in 3−polar fuzzy subgraph H̃P,V (ei) over H∗P,V (ei) is an odd cycle for all ei ∈ P for
i = 1, 2, 3, . . . , n.

Proof. Suppose that µ̃ is a constant function. Then µ̃(ei)(uv) = (C1, C2, C3),
where (C1, C2, C3) are constant, (C1, C2, C3) ∈ [0, 1]m for all ei ∈ P and for i =

1, 2, 3, . . . , n in 3−polar fuzzy graph H̃P,V (ei) and for all uv ∈ E. So dG̃P,V
(u) =

(2C1, 2C2, 2C3) in 3−polar fuzzy graph H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n

and for all u ∈ V . Hence G̃P,V is proper 3−polar soft fuzzy graph.
On the contrarily, assume that G̃P,V is a proper 3−polar soft fuzzy graph

of G∗. Let d1, d2, . . . , d2n+1 be the edges of G∗ in that order. Let µ̃(ei)(d1) =

(T1, T2, T3) in H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n. Since H̃P,V (ei) is
(P1,P2,P3) proper 3−polar fuzzy graph for all ei ∈ P for i = 1, 2, 3, . . . , n.
Then µ̃(ei)(d2) = (P1 − T1,P2 − T2,P3 − T3) for all ei ∈ P for i = 1, 2, 3, . . . , n.

µ̃(ei)(d3) = (P1,P2,P3)− (P1 − T1,P2 − T2,P3 − T3) = (T1, T2, T3). Therefore,

µ̃(ei)(dj) =

(T1, T2, T3) if j is odd

(P1 − T1,P2 − T2,P3 − T3) if j is even
.

So, µ̃(ei)(d1) = µ̃(ei)(d2n+1) = (T1, T2, T3) for all ei ∈ P for i = 1, 2, 3, . . . , n.
Thus, if d1 and d2n+1 incident at vertex u then dG̃P,V

(u) = (P1,P2,P3) in H̃(ei)

for ei ∈ P for i = 1, 2, 3, . . . , n. Then µ̃(ei)(d1) + µ̃(ei)(d2n+1) = (P1,P2,P3) for
all ei ∈ P for all i = 1, 2, 3, . . . , n.

Further, ((T1, T2, T3) + (T1, T2, T3)) = (P1,P2,P3) implies (2T1, 2T2, 2T3) = (P1,

P2,P3), and also (T1, T2, T3) = (P1

2
, P2

2
, P3

2
). So, ((P1,P2,P3) − (T1, T2, T3)) =

((P1,P2,P3)− (P1

2
, P2

2
, P3

2
)) = (P1

2
, P2

2
, P3

2
).
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Therefore, µ̃(ei)(dj) = (P1

2
, P2

2
, P3

2
) in 3−polar fuzzy graphs H̃P,V (ei)for all j

and i = 1, 2, 3, . . . , n.

Hence, µ̃ is a constant function. �

Theorem 6.2. Let G̃P,V be a 3−polar soft fuzzy graph over an even cycle G∗. Then
G̃P,V is proper 3−polar soft fuzzy graph if and only if µ̃ is a constant function or
alternate edges have same membership degrees in 3−polar fuzzy subgraph H̃P,V (ei)

over H∗P,V (ei) where H∗P,V (ei) is an even cycle for all ei ∈ A for i = 1, 2, 3, . . . , n.

Proof. If either µ̃ is a constant function or alternate edges have same member-
ship degree, then G̃P,V is proper 3−polar soft fuzzy graph. Conversely assume
that G̃P,V is a proper 3−polar soft fuzzy graph of G∗. Let d1, d2, d3, . . . , d2n be the
edges of G∗ in that order. Let µ̃(ei)(d1) = (T1, T2, T3) in H̃P,V (ei) for all ei ∈ P
for i = 1, 2, 3, . . . , n. Since H̃P,V (ei) is (P1,P2,P3)- proper 3−polar fuzzy graphs
for i = 1, 2, 3, . . . , n. Then, µ̃(ei)(d2) = (P1 − T1,P2 − T2,P3 − T3) for all ei ∈ P ,
for i = 1, 2, 3, . . . , n. µ̃(ei)(d3) = ((P1,P2,P3) − (P1 − T1,P2 − T2,P3 − T3)) =

(T1, T2, T3) and so on. Therefore,

µ̃(ei)(dj) =

(T1, T2, T3) if j is odd,

(P1 − T1,P2 − T2,P3 − T3) if j is even
.

Proceeding as by a previous theorem. If (T1, T2, T3) = (P1−T1,P2−T2,P3−T3)
then µ̃ is a constant function. If (T1, T2, T3) 6= (P1 − T1,P2 − T2,P3 − T3), then
alternate edges have same membership degrees. �

Remark 6.1. The above theorems 3 and 4 does not hold for totally proper 3−polar
soft fuzzy graphs.

7. A CHARACTERIZATION OF PROPER 3-POLAR SOFT FUZZY GRAPH ON

PETERSON GRAPH

Theorem 7.1. Let G̃P,V = ((ρ̃, P ), (µ̃, P )) be a 3−polar soft fuzzy graph such that
G∗ = (V,E) is peterson graph. If µ̃ is a constant function in 3−polar fuzzy graphs
H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n. Then G̃P,V is proper 3−polar soft fuzzy
graph.

Proof. Take peterson graph into regard on G∗ = (V,E). Let µ̃ei = (K1,K2,K3)

where (K1,K2,K3) are constant, (K1,K2,K3) ∈ [0, 1]m for all ei ∈ P and for
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all i = 1, 2, 3, . . . , n. Then dG̃P,V
(u) =

∑
ei∈P µ̃ei(u, v) in 3−polar fuzzy graphs

H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all u ∈ V . As dG̃P,V
(u) =

(3K1, 3K2, 3K3) in 3−polar fuzzy graphs H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n

and for all u ∈ V . Hence G̃P,V is proper 3−polar soft fuzzy graph. �

Remark 7.1. The converse of the above theorem 5 need not be true.

Theorem 7.2. Let G̃P,V = ((ρ̃, P ), (µ̃, P )) be a 3−polar soft fuzzy graph such
that G∗ = (V,E) is peterson graph. If the edges on the cycle takes membership
values (K1,K2,K3) and the line joining the two cycle takes the membership values
(C1, C2, C3)in 3−polar fuzzy graph H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n.
Then G̃P,V is proper 3−polar soft fuzzy graph.

Proof. Take peterson graph into regard on G∗ = (V,E). Let the edges on the
cycle takes membership values (K1,K2,K3) and the line joining the two cycle
takes the membership values (C1, C2, C3) in 3−polar fuzzy graph H̃P,V (ei) for all
ei ∈ P for i = 1, 2, 3, . . . , n. Then dG̃P,V

(u) =
∑

ei∈P µ̃ei(u, v) in H̃P,V (ei) for all
u ∈ V and for all ei ∈ P for i = 1, 2, 3, . . . , n. dG̃P,V

(u) = (2K1+C1, 2K2+C2, 2K3+

C3) in 3−polar fuzzy graph H̃P,V (ei) for all ei ∈ P for i = 1, 2, 3, . . . , n and for all
u ∈ V . Hence G̃P,V is a proper 3−polar soft fuzzy graph. �

8. CONCLUSION

In this paper, we have defined proper and totally proper m-polar soft fuzzy
graphs and proved some results. We have provided characterization of proper
3-polar soft fuzzy graphs for cycle and peterson graph. The result can be char-
acterized for some other standard graphs also.
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