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ABSTRACT. In this paper, the concept of intuitionistic fuzzy graph along with some of its basic properties have been introduced.

The intuitionistic fuzzy graph has been declined in a new approach and some properties of intuitionistic fuzzy graph have been

established. Some examples have been presented to illustrate the properties of intuitionistic fuzzy graph. A real life problem

along with an efficient solution algorithm is also presented.

1 Introduction

The origin of graph theory[1] started with the problem of Konigsberg bridge, in 1735. This problem leads to the

concept of Eulerian Graph. The concept of tree was implemented by Kirchhoff[2], and he employed graph the-

oretical ideas in the calculation of currents in electrical networks or circuits. Then, Kirkman[3] and Hamilton[4]

studied cycles on polyhedra and invented the concept called Hamiltonian graph by studying trips that visited

certain sites exactly once. Even the four color problem was invented it was solved only after a century by Appel

and Haken[5]. This time is considered as the birth of Graph Theory. This leads us towards Fuzzy graph.

It is quite well known that graphs are simply models of relations. A graph is a convenient way of representing in-

formation involving relationship between objects. The objects are represented by vertices and relations by edges.

When there is vagueness in the description of the objects or in its relationships or in both, it is natural that we

need to design a ’Fuzzy Graph Model’.

Most of our traditional tools for formal modeling, reasoning, and computing are crisp, deterministic and precise
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in character. In set theory, an element can either belong to a set or not; and in optimization, a solution is either

feasible or not. So for a tie situation the cases are not perfectly placed.

Fuzzy set theory gives an idea for solving this type of problem. The theory of fuzzy set was proposed by Zadeh[6]

to handle the various uncertainties in many real applications. The theory of fuzzy sets is, basically, a theory of

graded concepts-a theory in which everything is a matter of degree or, to put it figuratively, everything has elas-

ticity. In the two decades since its inception, the theory has matured into a collection of concepts and techniques

for dealing with complex phenomena that do not lend themselves to analysis by classical methods based on prob-

ability theory and bivalent logic. Since complete information in science and technology is not always available,

we need some other idea to solve those types of problems.

After that Rosenfeld[7] introduced fuzzy graphs, though Yeh and Bang[8] also introduced this independently.

Fuzzy graph is useful to represent some special relationship which is related with uncertainty.

Atanassov[9] introduced the concept of intuitionistic fuzzy(IF) relations and intuitionistic fuzzy graphs (IFG).

Theory of intuitionistic fuzzy sets (IFSs) creates an exponential growth in Mathematics and its applications. This

ranges from traditional Mathematics to Information Sciences. This influences us to consider IFGs and their appli-

cations. Parvathy and Karunambigai[10]’s idea introduced the concept of IFG and its components. Nagoor Gani

[11],[12] discussed about regular and irregular fuzzy graphs with its properties.

In this paper, some properties of Intuitionistic fuzzy graphs are studied. Also some results on totally intuitionistic

fuzzy graphs are shown. A real life problem along with an efficient solution algorithm is also presented.

2 Preliminaries:

Some basic definitions related to intuitionistic fuzzy graph theory are presented here.

2.1 Definition[13]

If X is a collection of objects denoted generically by x, then fuzzy set Ã in X is a set of ordered pairs: Ã =

{(x, µÃ(x)) : x ∈ X and 0 ≤ µÃ(x) ≤ 1}, where µÃ(x) is called the membership function of x in Ã.

2.2 Definition[14]

Let X be any nonempty set. A mapping M : X → [0, 1] is called a fuzzy subset of X.

2.3 Definition[14]

Let X, Y ⊆ R universal sets; then

R̃ = {((x, y), µR̃(x,y)) : (x, y) ∈ X × Y} is called a fuzzy relation on X × Y.
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2.4 Definition[14]

Let V = {v1, v2, ..., vn} and E ⊆ V ×V. Then G=(A,B) is said to be the fuzzy graph where A is fuzzy subset of V

together with the membership function µA and B is fuzzy subset of V×V together with the membership function

µB such that µB(x, y) ≤ min{µA(x), µA(y)}, ∀(x, y) ∈ E.

2.5 Definition[14]

The fuzzy graph H=(C,D) is said to be the fuzzy subgraph of G=(A,B) if C ⊆ A.

2.6 Definition.[14]

Let A be a fuzzy subset of X then the level subset or α cut of A is Aα = {(x, µA(x)) : x ∈ X, µ(x) ≥ α}, where

α ∈ [0, 1].

2.7 Definition[14]

let G=(A,B) be a fuzzy graph with respect to the sets V and E. The degree of a fuzzy vertex v is dG(v) =

∑u 6=v µB(v, u).

2.8 Definition[14]

let G=(A,B) be a fuzzy graph with respect to the sets V and E. The total degree of a fuzzy vertex v is dTG(v) =

∑u 6=v µB(v, u) + µA(v).

2.9 Definition[14]

A fuzzy graph G is called regular if every vertex adjacent to vertices has same degree.

Or, a fuzzy graph G=(A,B) is called an intuitionistic fuzzy regular graph if dG(v) = k, ∀ v ∈ V where k is a

constant.

2.10 Definition[14]

A graph G is called irregular if every vertex adjacent to vertices has distinct degree.

2.11 Definition[14]

A fuzzy regular graph G=(A,B) is k-totally fuzzy regular graph if each vertex of G has the same total degree k.

2.12 Definition[14]

The minimum degree of a fuzzy graph G is δ(G) =
∧{dG(v) : v ∈ V}.
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2.13 Definition[14]

The maximum degree of a fuzzy graph G is ∆(G) =
∨{dG(v) : v ∈ V}.

2.14 Definition[14]

Let G=(A,B) be a fuzzy graph. Then the order of the fuzzy graph G is defined to be O(G) = ∑v∈V µA(v).

2.15 Definition[14]

Let G=(A,B) be a fuzzy graph with respect to V and E. Then the size of the fuzzy graph G is defined to be S(G) =

∑u 6=v µB(u, v).

2.16 Definition[14]

A fuzzy graph G=(A,B) is called a fuzzy complete graph if every pair of distinct fuzzy vertices are adjacent.

3 Intuitionistic Fuzzy Graph

3.1 Definition

Let X be a non empty set. Two mappings µA : X → [0, 1] and νA : X → [0, 1] are defined. The set A={(x, µA(x), νA(x)) :

x ∈ X} will be the fuzzy subset of X, where µA and νA are the degree of membership and non membership of

the elements in A where 0 ≤ µA(x) + νA(x) ≤ 1. Let A and B be any two intuitionistic fuzzy subsets of X, then

A ⊆ B iff µA(x) ≤ µB(x) and νA(x) ≥ νB(x).

3.2 Definition

Let V = {v1, v2, ..., vn} and E ⊆ V × V. Then G=(A,B) is said to be the intuitionistic fuzzy graph where A is

intuitionistic fuzzy subset of V together with the membership and non-membership functions µA and νA and B

is intuitionistic fuzzy subset of V × V together with the membership and non membership functions µB and νB

such that µB(x, y) ≤ min{µA(x), µA(y)} and νB(x, y) ≤ max{νA(x), νA(y)}, ∀(x, y) ∈ E.

The following Figure - 1 can illustrate this definition.

3.3 Definition

The intuitionistic fuzzy graph H=(C,D) is said to be the intuitionistic fuzzy subgraph of G=(A,B) if C ⊆ A and

D ⊆ B.
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Let us take H which is an Intuitionistic Fuzzy Subgraph of G. The following Figure - 2 can illustrate this definition.

3.4 Definition

Let A be an intuitionistic fuzzy subset of X. Then (α, β) -cut of A is A(α , β) = {(x, µ(x), ν(x)) : x ∈ X, µ(x) ≥ α

and ν(x) ≤ β}, where α , β ∈ [0, 1].

3.5 Definition

Let A be an intuitionistic fuzzy subset of X. Then the strong (α, β)-cut of A is A(α+ , β+) = {(x, µ(x), ν(x)) : x ∈

X, µ(x) > α and ν(x) < β}, where α , β ∈ [0, 1].
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3.6 Theorem:

Let G=(A,B) be an intuitionistic fuzzy graph with respect to the sets V and E. Let α , β , α1 and β1 ∈[0,1] and

α ≤ α1 and β ≥ β1. Then (A(α1, β1), B(α1, β1)) is an intuitionistic fuzzy subgraph of (A(α, β), B(α, β)).

Proof:- G is an intuitionistic fuzzy graph with respect to the sets V and E. Then for α , β , α1 and β1 ∈

[0, 1] , α ≤ α1 and β ≥ β1 be given.

Now, let (x, µA(x), νA(x)) ∈ A(α1 ,β1)

This implies µA(x) ≥ α1 and νA(x) ≤ β1 ,

⇒ µA(x) ≥ α and νA(x) ≤ β, [because α ≤ α1 and β ≥ β1]

⇒ (x, µA(x), νA(x)) ∈ A(α ,β).

Therefore, A(α1 ,β1) ⊆ A(α ,β).

Now, let ((x, y), µA(x, y), νA(x, y)) ∈ B(α1 ,β1)

⇒ µB(x, y) ≥ α1 and νB(x, y) ≤ β1 ,

⇒ µB(x, y) ≥ α and νB(x, y) ≤ β, [because α ≤ α1 and β ≥ β1]

⇒ (x, µB(x, y), νB(x, y)) ∈ B(α ,β).

Therefore, B(α1 ,β1) ⊆ B(α ,β).

Hence,(A(α1 ,β1) , B(α1 ,β1)) is an intuitionistic fuzzy subgraph of (A(α ,β) , B(α ,β)).

3.7 Theorem:

Let H=(C,D) be an intuitionistic fuzzy subgraph of G=(A,B) and α , β ∈ [0, 1]. Then H(α,β) is an intuitionistic fuzzy

subgraph of G(α,β).

Proof:- Let H=(C,D) be an intuitionistic fuzzy subgraph of G=(A,B) and α , β ∈ [0, 1]. Suppose (x, µC(x), νC(x)) ∈

C(α ,β)

⇒ µC(x) ≥ α and νC(x) ≤ β

⇒ (x, µC(x), νC(x)) ∈ A(α ,β)

SoC(α ,β) ⊆ A(α ,β).

Again let, ((x, y), µD(x, y), νD(x, y)) ∈ D(α ,β).

Then µD(x, y) ≥ α and νD(x, y) ≤ β

((x, y), µD(x, y), νD(x, y)) ∈ B(α ,β)

D(α ,β) ⊆ B(α ,β).

Hence H(α,β) = (C(α ,β), D(α ,β)) is an intuitionistic fuzzy subgraph of G(α,β) = (A(α ,β), B(α ,β)).

3.8 Theorem:

Let G=(A,B) be an intuitionistic fuzzy graph with respect to the sets V and E. Let α , β , α1 and β1 ∈[0,1] and

α ≤ α1 and β ≥ β1. Then (A(α1+, β1+), B(α1+, β1+)) is an intuitionistic fuzzy subgraph of (A(α+, β+), B(α+, β+)).
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Proof:- G is an intuitionistic fuzzy graph with respect to the sets V and E. Then for α , β , α1 and β1 ∈

[0, 1] , α ≤ α1 and β ≥ β1 be given.

Now, let (x, µA(x), νA(x)) ∈ A(α1+ ,β1+)

⇒ µA(x) > α1 and νA(x) < β1 ,

⇒ µA(x) > α1 ≥ α and νA(x) < β1 ≤ β.

⇒ (x, µA(x), νA(x)) ∈ A(α+ ,β+).

Therefore, A(α1+ ,β1+) ⊆ A(α+ ,β+).

Now, let ((x, y), µB(x, y), νB(x, y)) ∈ B(α1+ ,β1+)

⇒ µB(x, y) > α1 and νB(x, y) < β1 ,

⇒ µB(x, y) > α1 ≥ α and νB(x, y) < β1 ≤ β,

⇒ (x, µB(x, y), νB(x, y)) ∈ B(α+ ,β+).

Therefore, B(α1+ ,β1+) ⊆ B(α+ ,β+).

Hence,(A(α1+ ,β1+) , B(α1+ ,β1+)) is an intuitionistic fuzzy subgraph of (A(α+ ,β+) , B(α+ ,β+)).

3.9 Theorem:

Let H=(C,D) be an intuitionistic fuzzy subgraph of G=(A,B) and α , β ∈ [0, 1]. Then H(α+,β+) is an intuitionistic

fuzzy subgraph of G(α+,β+).

Proof:- Let H=(C,D) be an intuitionistic fuzzy subgraph of G=(A,B) and α , β ∈ [0, 1]. Suppose (x, µC(x), νC(x)) ∈

C(α+ ,β+)

⇒ µC(x) > α and νC(x) < β

⇒ (x, µC(x), νC(x)) ∈ A(α+ ,β+)

⇒ C(α+ ,β+) ⊆ A(α+ ,β+).

Again let,((x, y), µD(x, y), νD(x, y)) ∈ D(α+ ,β+)

⇒ µD(x, y) > α and νD(x, y) < β

⇒ ((x, y), µD(x, y), νD(x, y)) ∈ B(α+ ,β+)

⇒ D(α+ ,β+) ⊆ B(α+ ,β+).

Hence H(α+,β+) = (C(α+ ,β+), D(α+ ,β+)) is an intuitionistic fuzzy subgraph of G(α+,β+) = (A(α+ ,β+), B(α+ ,β+)).

3.9.1 Definition:

Let G=(A,B) be an intuitionistic fuzzy graph with respect to the sets V and E. Then the degree of a vertex v is

defined by,d(v) = (dµ(v) , dν(v)) where dµ(v) = ∑u 6=v µ2(v, u)& dν(v) = ∑u 6=v ν2(v, u).

3.9.2 Definition:

The minimum degree of the IFG G is δ(G) = (δµ(G), δν(G)) where δµ(G) =
∧{dµ(v) : v ∈ V} and δν(G) =∧{dν(v) : v ∈ V}.
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3.9.3 Definition:

The maximum degree of the IFG G is ∆(G) = (∆µ(G), ∆ν(G)) where ∆µ(G) =
∨{dµ(v) : v ∈ V} and ∆ν(G) =∨{dν(v) : v ∈ V}.

3.9.4 Definition:

Let G=(A,B) be an IFG. Then the order of IFG G is defined to be O(G) = (Oµ(G), Oν(G)) where, Oµ(G) =

∑v∈V µ1(v), & Oν(G) = ∑v∈V ν1(v).

3.9.5 Definition:

Let G=(A,B) be an IFG with respect to V and E. Then the size of IFG G is defined to be S(G) = (Sµ(G), Sν(G))

where, Sµ(G) = ∑u 6=v µ2(u, v), & Sν(G) = ∑u 6=v ν2(u, v).

3.10 Theorem:

Let d(v) = (dµ(v), dν(v)) be the degree of the vertex v of the IFG G=(A,B) and S(G) = (Sµ(G), Sν(G)) be its size,

then ∑vi∈V dµ1(vi) = 2Sµ(G) and∑vi∈V dν1(vi) = 2Sν(G).

Proof:- Let G=(A,B) be an IFG with resect to V and E, where V = {v1, v2, ..., vn}.

Now, ∑ dµ(vi)

= dµ(v1) + dµ(v2) + ... + dµ(vn),

= µ2(v1, v2) + µ2(v1, v3) + µ2(v1, v4) + ... + µ2(v1, vn) + ... + µ2(vn, v1) + µ2(vn, v2) + ... + µ2(vn−1, vn),

= 2[µ2(v1, v2) + µ2(v1, v3) + ... + µ2(v1, vn)],

= 2 ∑vi 6=vj
µ2(vi, vj) = 2Sµ(G).

Therefore,∑ dµ(vi) = 2Sµ(G).

Similarly, we can prove ∑ dν(vi) = 2Sν(G).

This completes the proof.

Example: Let us consider an IFG G (Shown in the Figure- 3).....

For this IFG G dµ(v1) = 0.3, dµ(v2) = 0.3, dµ(v3) = 0.2, dµ(v4) = 0.4, and

dν(v1) = 1.4, dν(v2) = 2.2, dν(v3) = 1.5, dν(v4) = 2.5.

So,δµ(G) = 0.2, δν(G) = 1.4;

∆µ(G) = 0.4, ∆ν(G) = 2.5;

Sµ(G) = 0.6, Sν(G) = 3.8.

•Remark : 0 ≤ δµ(G) ≤ ∆µ(G) and 0 ≤ δν(G) ≤ ∆ν(G).
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3.11 Theorem:

Let G be any IFG and P be the number of the vertices. Then δµ(G) ≤ 2Sµ(G)/P ≤ ∆µ(G) and δν(G) ≤

2Sν(G)/P ≤ ∆ν(G).

•Proo f : Suppose G=(A,B) be any IFG and P be the number of vertices.

If every vertex has degree δ(G) = (δµ(G), δν(G)), then

Σv∈Vdµ(v) = Σv∈Vδµ(G) = Pδµ(G) and Σv∈Vdν(v) = Σv∈Vδν(G) = Pδν(G).

If every vertex has degree ∆(G) = (∆µ(G), ∆ν(G)),then,

Σv∈Vdµ(v) = Σv∈V∆µ(G) = P∆µ(G) and Σv∈Vdν(v) = Σv∈V∆ν(G) = P∆ν(G).

But, Σv∈Vδµ(G) ≤ Σv∈Vdµ(v) ≤ Σv∈Vδµ(G);

⇒ Pδµ(G) ≤ Σv∈Vdµ(v) ≤ P∆µ(G);

i.e.,δµ(G) ≤ 2Sµ(G)/P ≤ ∆µ(G).

Similarly,δν(G) ≤ 2Sν(G)/P ≤ ∆ν(G).

3.12 Theorem:

Let G=(A,B) be an IFG with respect to V and E with number of fuzzy vertices n,all of whose intuitionistic fuzzy

vertices have degree (s1, s2) or (t1, t2). If G has p vertices of degree (s1, s2) and (n-p) vertices of degree (t1, t2),

then,

Sµ(G) =
p(s1−t1)+nt1

2 and Sν(G) =
p(s2−t2)+nt2

2 .

• Proo f : Let V1 be the set of all fuzzy vertices with degree (s1, s2) and V2 be the set of all vertices with degree

(t1, t2).

Then Σv∈Vdµ(v) = Σv∈V1 dµ(v) + Σv∈V2 dµ(v);

or,2Sµ(G) = ps1 + (n− p)t1;

i.e.,Sµ(G) =
p(s1−t1)+nt1

2 .

Also,Σv∈Vdν(v) = Σv∈V1 dν(v) + Σv∈V2 dν(v);

or, 2Sν(G) = ps2 + (n− p)t2;
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Therefore, Sµ(G) =
p(s1−t1)+nt1

2 .

3.12.1 Definition:

An intuitionistic fuzzy graph G=(A,B) is said to be regular if every vertex adjacent to vertices with same degree.

Or, an IFG G=(A,B) is called an intuitionistic fuzzy regular graph(IFRG) if d(v)=(k,l) for all v ∈ V.

• Remark : G is an IF (k,l)-regular graph if and only if δ(G) = ∆(G) = (k, l).

3.12.2 Definition:

An IFG G=(A,B) is called an intuitionistic fuzzy complete graph(IFCG) if every pair of distinct fuzzy vertices are

adjacent.

3.13 Theorem:

If G=(A,B)is an intuitionistic fuzzy (k,l)-regular graph with p vertices,then,

Sµ(G) = pk/2 and Sν(G) = pl/2 .

• Proo f : Given that,the IFG is (k,l)-regular graph,d(v)=(k,l) for all v ∈ V.There are p vertices , so,Σv∈Vdµ(v) =

Σv∈Vk = pk and Σv∈Vdν(v) = Σv∈V l = pl

or, 2Sµ(G) = pk and 2Sν(G) = pl

i.e.,Sµ(G) = pk/2 and Sν(G) = pl/2.

This is the theorem.

• Remark : In crisp graph theory any complete graph is regular.But in IFG, every intuitionistic fuzzy complete

graph need not be intuitionistic fuzzy regular graph.

3.14 Theorem:

Let G=(A,B) be an intuitionistic fuzzy complete graph and µA and νA are constant functions. Then G is an intu-

itionistic fuzzy regular graph.

• Proo f : Since µA and νA are constant functions, so µA(v) = k, and νA(v) = l, (say),for all v ∈ V

But G is intuitionistic fuzzy graph, so the membership and non membership values of each edge are respectively

k and l.

Then d(v)=((p-1)k,(p-1)l), for all v ∈ V, where p is the number of vertices in V.

Hence G is an intuitionistic fuzzy regular graph.

• Remark : Let G=(A,B) be a fuzzy complete graph with p vertices and A(V)=(k,l) for all v ∈ V.THen G is a

((p-1)k,(p-1)l)-regular intuitionistic fuzzy graph.

3.15 Theorem:

If G=(A,B) is intuitionistic fuzzy complete graph with p vertices and µA and ν are constant functions, then sums of

the membership values and non membership values are respectively p(p−1)
2 µA(v) , for all v ∈ V and p(p−1)

2 νA(v)
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, for all v ∈ V.i.e.,S(G) = ((p
2)µA(v), (

p
2)νA(v)), for all v ∈ V.

• Proo f : Suppose G is an intuitionistic fuzzy complete graph with p vertices and µA, νA are constant functions.

Let µA(v) = k and νA(v) = l for all v ∈ V and d(v)=((p-1)k,(p-1)l), for all v ∈ V.

Then ∑v∈V dµ(v) = ∑v∈V(p− 1)k;

⇒ 2Sµ(G) = p(p− 1)k;

⇒ Sµ(G) = (p
2)µA(v).

Also, ∑v∈V dν(v) = ∑v∈V(p− 1)l;

⇒ 2Sν(G) = p(p− 1)l;

⇒ Sν(G) = (p
2)νA(v).

Therefore, S(G) = ((p
2)µA(v), (

p
2)νA(v)), for all v ∈ V.

3.15.1 Definition:

Let G=(A,B) be an intuitionistic fuzzy graph. The total degree of vertex v is defined by dT(v) = (dTµ(v), dTν(v))

for all v ∈ V, where,dTµ(v) = dµ(v) + µA(v), and dTν(v) = dν(v) + νA(v).

3.15.2 Definition:

An IFG G=(A,B) is (k,l)-totally intuitionistic fuzzy regular graph (IFTRG) if each vertex of G has the same total

degree (k,l).

3.16 Theorem:

Let G=(A,B) be an intuitionistic fuzzy complete graph and µA, νA are constant functions, then G is a totally IFRG.

• Proo f : Since G is an IFCG and µA, νA are constant functions then G is IFRG. So, d(v)=((p-1)k,(p-1)l), ∀ v ∈ V

where µA(v) = k & νA(v) = l ,(say), since they are constant functions.

Therefore,dTµ(v) = dµ(v) + µA(v) = (p− 1)k + k = pk, ∀ v ∈ V;

and dTµ(v) = dµ(v) + µA(v) = (p− 1)k + k = pk, ∀ v ∈ V.

Hence G is totally IFRG.

• Remark : Let G be an intuitionistic fuzzy complete graph with p vertices and µA(v) = k, νA(v) = l, for all

v ∈ V,then G is a (pk,pl)-totally IFRG.

3.17 Theorem:

Let G=(A,B) be an IFRG with p vertices.Then G=(A,B) is a totally IFRG if µC(vi) =
∨

µA(vi) and νC(vi) =∧
νA(vi).

• Proo f : Let G=(A,B) be an intuitionistic fuzzy (k,l)-regular graph, i.e.,d(vi) = (k, l), ∀ vi ∈ V.

IfµC(vi) =
∨

µA(vi) = k1 (say) and νC(vi) =
∧

νA(vi) = l1 (say) ∀ vi ∈ V.

Then, dTµC(vi) = dµC(vi) + µC(vi);

=dµ(vi) + µC(vi);
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=k + k1, ∀ vi ∈ V.

and, dTνC(vi) = dνC(vi) + νC(vi);

=dν(vi) + νC(vi);

=l + l1, ∀ vi ∈ V.

Hence G=(A,B) is a totally regular intuitionistic fuzzy graph.

3.18 Theorem:

Let G=(A,B) be an intuitionistic fuzzy graph and µA, νA are constant functions. Then G is a (k,l)-intuitionistic

fuzzy regular graph if and only if G is (k+c,l+d)-totally intuitionistic fuzzy regular graph,where µA(vi) = c and

νA(vi) = d, ∀ vi ∈ V.

• Proo f : Assume that G is (k,l)intuitionistic fuzzy regular graph and µA(vi) = c and νA(vi) = d, ∀ vi ∈ V.

Let d(vi) = (k, l) , ∀ vi ∈ V.

Then, dT(vi) = (dµ(vi) + µ(vi), dν(vi) + ν(vi));

=(k + c, l + d) , ∀ vi ∈ V;

Hence G is a (k+c,l+d)-totally intuitionistic fuzzy regular graph.

Conversely, assume that G is a (k+c,l+d)-totally intuitionistic fuzzy regular graph.

Then,dT(vi) = (k + c, l + d), ∀ vi ∈ V.

⇒ (dµ(vi) + µ(vi), dν(vi) + ν(vi)) = (k + c, l + d);

⇒ dµ(vi) = k and dν(vi) = l, ∀ vi ∈ V because µA(vi) = c and νA(vi) = d, ∀ vi ∈ V.

Hence G is a (k,l)-intuitionistic fuzzy regular graph.

3.19 Theorem:

If G=(A,B) is both intuitionistic fuzzy regular graph and intuitionistic fuzzy totally regular graph, then µA, νA are

constant functions.

• Proo f : Suppose that G is both intuitionistic fuzzy regular graph and intuitionistic fuzzy totally regular graph.

Let µA, νA be not constant functions then µA(u) 6= µA(v) for some u,v∈ V. Also,νA(u) 6= νA(v) for some

u,v∈ V.

Since G is intuitionistic fuzzy regular graph,then d(u) = d(v) = (k, l), (say).

Then dT(u) 6= dT(v),which is a contradiction to our assumption.

Hence µA, νA are constant functions.

• Remark : Converse of this theorem need not be true.

For example,consider the graph (Shown in Figure - 4),

Here, µA(v) = 0.3, νA(v) = 0.6, ∀ v ∈ V.

But, d(v1) = (0.4, 1), d(v2) = (0.3, 1.1), d(v3) = (0.5, 1.1), dT(v1) = (0.7, 1.6), dT(v2) = (0.6, 1.7),

dT(v3) = (0.8, 1.7). Hence G is neither IFRG nor IFTRG although µA and νA are constant functions.
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3.20 Theorem:

If G=(A,B) is a (k,l)-totally IFRG with p vertices, then S(G) = (
pk−Oµ(G)

2 , pl−Oν(G)
2 ) .

• Proo f : Assume that G is a (k,l)-totally IFRG with p-vertices.

Then dT(v) = (k, l) ;

⇒ dµ(v) + µA(v) = k and dν(v) + νA(v) = l, ∀ v ∈ V.

⇒ ∑ dµ(v) + ∑ µA(v) = ∑ k and ∑ dν(v) + ∑ νA(v) = ∑ l.

⇒ 2Sµ(G) + Oµ(G) = pk and 2Sν(G) + Oν(G) = pl.

⇒ Sµ(G) = (
pk−Oµ(G)

2 and Sν(G) =
pl−Oν(G)

2 .

Therefore, S(G) = (Sµ(G), Sν(G));

= (
pk−Oµ(G)

2 , pl−Oν(G)
2 ) .

3.21 Theorem:

If G=(A,B) is both (k,l)-IFRG and (c,d)-totally IFRG with p vertices, then O(G)=(p(c-k),p(d-l)).

• Proo f : Assume that G is both (k,l)-IFRG and (c,d)-totally IFRG with p vertices.

Then 2Sµ(G) = pk and 2Sν(G) = pl.

Also, Sµ(G) = (
pk−Oµ(G)

2 , and Sν(G) =
pl−Oν(G)

2 , by previous theorem.

or, Oµ(G) = pc− 2Sµ(G);

=p(c-k).

and Oν(G) = pd− 2Sν(G).

Therefore, O(G)=(p(c-k),p(d-l)).

4 Application:

IFG can be used to solve some real life problems. Let us consider set V = {A, B, C, D} of four different products

A, B, C and D available in market. The chances of rising of price and not rising of price are considered as the mem-

bership and non membership values of each product(vertex), and edge between each pair of vertices represents
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the relation of price rising [ i.e, relative change of price of one item w.r.t. other ] with some membership and non

membership values. It is defined that a product is said to be most valuable(and hence its market value is stable)

when the difference between membership value and non-membership value is minimum among all the products.

So a businessman may purchase most valuable products for his / her smooth business.

Now the degrees of A,B,C,D are (0.7,1.8), (0.9,1.3), (0.6,1.5) and (0.5,1.7) respectively, using the definition 3.9.1

and the Figure-5. Now minimum(|0.7− 1.8|, |0.9− 1.3|, |0.6− 1.5|, |0.5− 1.7|) = 0.4 occurs in B. So B is most valu-

able product .

Then using Figure-5 and the definition 3.15.1, the total degrees of A,B,C and D are respectively (1.0,2.3),

(1.3,1.9), (0.7,2.3), (0.7,2.4). Now minimum(|1.0 − 2.3|, |1.3 − 1.9|, |0.7 − 2.3|, |0.7 − 2.4|) = 0.6 occurs in vertex

B. So again B is the most valuable product about its chance of change of price.

Thus the degree gives us the rule to find the most valuable product but total degree gives us the rule to find

the most valuable product when its chance of change of price is also taken.

An algorithm may be proposed to understand these type of problems.

Step-1: First evaluate the degrees and total degrees of all the vertices according as the definitions 3.9.1 and 3.15.1

respectively.

Step-2: Then list the differences of all the membership values and the non membership values from the degrees

and the total degrees of each vertex.

Step-3: Next identify the vertices with least differences for both the cases of degree and total degree.

Step-4: The vertices with least differences for the case of degree indicate the most valuable products and the

vertices with least differences for the case of total degree indicate the most valuable product about its chance of

change of price. Select vertices according to requirement.
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5 Conclusion

In this paper, the concept of intuitionistic fuzzy graph have been introduced. Some new definitions and some basic

properties and theorems of subgraph, regular graph etc are also developed. Some examples are also provided

to understand some properties clearly. A real life problem along with an efficient solution algorithm is also

presented. Hope that in future, this research work will influence researchers to develop the field of intuitionistic

fuzzy graph.
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