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ABSTRACT
In this paper, the concept of minimal intuitionistic dominating vertex subset of an intuitionistic fuzzy graph was considered,
and on its basis, the notion of a domination set as an invariant of the intuitionistic fuzzy graph was introduced. A method and
an algorithm for finding all minimal intuitionistic dominating vertex subset and domination set was proposed. This method is
the generalization of Maghout’s method for fuzzy graphs. The example of finding the domination set of the intuitionistic fuzzy
graph were considered as well.
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1. INTRODUCTION

Nowadays, science and technology are characterized by complex
processes and phenomena for which complete information is not
always available. For such cases, mathematical models of various
types of systems containing elements of uncertainty have been
developed. Most of these models are based on the extension of the
general set theory, namely, fuzzy sets. The concept of fuzzy sets was
introduced by Zadeh [1] as a method of representing uncertainty
and fuzziness. Since then, the theory of fuzzy sets has become an
area of research in various disciplines.

In 1983, Atanassov [2] introduced the concept of intuitionistic fuzzy
sets as a generalization of fuzzy sets. He introduced a new compo-
nent to the definition of a fuzzy set, which determines the degree of
nonmembership. Fuzzy sets consider the membership degree of an
element in a given set (where the degree of nonmembership equals
one minus the membership degree), while intuitionistic fuzzy sets
operate both with a membership degree and a degree of nonmem-
bership that are more or less independent of each other. The only
restriction is that the sum of these two degrees does not exceed 1.
Intuitionistic fuzzy sets are fuzzy sets of a higher order. Their appli-
cation makes the solution procedure more complicated, but if the
computational complexity or memory can be neglected, then a bet-
ter result can be achieved.

The fuzzy graphs theory is finding an increasing number of applica-
tions formodeling real-time systems, where the level of information
inherent in the system depends on different levels of accuracy. The
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original definition of a fuzzy graph [3] was based on fuzzy relations
by Zadeh [4]. In article [5], fuzzy analogs of several basic graphical
concepts were presented. In articles [6,7], the notion of fuzzy graph
complement was defined, and some operations on fuzzy graphs
were studied. The concepts of intuitionistic fuzzy relations and intu-
itionistic fuzzy graphs were introduced in articles [8,9], and some of
their properties were investigated. In articles [10–12], the concepts
of a dominating set, a regular independent set, a domination edge
number of edges in intuitionistic fuzzy graphs were considered.

Different types of intuitionistic fuzzy graphs were considered in lit-
erature in order to cope with a diversity of practical cases: intuition-
istic fuzzy competition graphs, intuitionistic fuzzy neighborhood
graphs, intuitionistic fuzzy rough graphs, and others [13,14] were
introduced to analyze the ecosystems and to represent the relations
of competition among the species in the food web.

Some properties and features of intuitionistic fuzzy graphs were
considered [15], for example, edge irregular intuitionistic fuzzy
graphs, edge totally irregular intuitionistic fuzzy graphs, and oth-
ers are introduced and the intuitionistic fuzzy genus graph with
its genus value, strong and weak intuitionistic fuzzy genus graph
are defined, as well as the isomorphism properties on intuitionistic
fuzzy genus graph are discussed [16].

Some new operations on intuitionistic fuzzy graphs namely normal
product and tensor product were introduced as well as the degree
of the intuitionistic fuzzy graphs obtained by the operations Carte-
sian product, tensor product, normal product, and composition of
intuitionistic fuzzy graphs [17]. Finally covering and paired domi-
nation in intuitionistic fuzzy graphs was investigates to meet differ-
ent practical problems [18].
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The idea of double dominating set in the intuitionistic fuzzy graph
as well as lower- and upper-domination number was studied in the
paper [19] and the notion of strong intuitionistic fuzzy graphs and
intuitionistic fuzzy line graphs [20] were discussed.

Many practical results of applications of intuitionistic fuzzy graphs
and hypergraphswere achieved in various fields of decision-making
[21,22], support systems [23,24], operations research problems, for
example, allocation problems, covering problems, identification of
the best location, andmodeling fuzzy relations between elements in
graphs [25].

All the investigations show great importance and practical rel-
evance of intuitionistic fuzzy graphs in modeling system archi-
tectures, relations between elements and data structures, solving
decision-making problems [26].

However, when modeling various complex systems and processes
by intuitionistic graphs, sometimes it is sufficient to use graphs that
are “simpler” in their structure. Namely, the vertices of the graph
are crisp and the edges are intuitionistic. Such graphs [27,28] were
called intuitionistic graphs of the first kind. For example, when
reflecting complex interactions and relationships between elements
in a geographic information system (GIS), an intuitionistic fuzzy
graph of the first kind formalizes fuzzy relations and connections
between crisp objects, so that objects themselves remain static and
unchanged [29,30]. The practical relevance of such an approach can
be interpreted as a problem of optimal service centers allocation
(finding domination set in the intuitionistic fuzzy graph) within the
railway network transportation system.

Contributions. The major contributions of this paper are summa-
rized as follows:

• Newly defined concepts termed minimal intuitionistic
dominating vertex subset and domination set of the
intuitionistic fuzzy graph of the first kind are formalized. These
concepts are a generalization of the minimal dominating vertex
subsets of a crisp graph [31] and the domination set of a fuzzy
graph [32], respectively. Furthermore, a novel problem of
mining of all minimal intuitionistic dominating vertex subsets
from such graph is formalized.

• To address the proposed problem, a formal method for finding
the minimal intuitionistic dominating vertex subset is
presented. In addition, it has been proven that this method
gives an exact solution (finds all minimal intuitionistic
dominating vertex subsets).

• Based on the proposed method, an algorithm was developed
that allows determining the domination set of the intuitionistic
fuzzy graph.

The domination set and minimal intuitionistic dominating vertex
subsets allow one to directly solve some optimization problems on
an intuitionistic fuzzy graph. In particular, if the problem of locat-
ing centers at the vertices of an intuitionistic fuzzy graph is consid-
ered, then the domination set directly solves the problem of finding
the number of centers with a given degree, and the minimal intu-
itionistic dominating vertex subsets allow solving the problem of
optimal placement of a given number of centers with the highest
degree.

2. BASIC CONCEPTS AND DEFINITIONS

Definition 1. [1] Let X be a nonempty set. A fuzzy set drawn A
from X is defined as A = {⟨𝜇A(x), x⟩|x ∈ X}, where 𝜇A ∶ X →
[0, 1] is the membership function of the fuzzy set A. A fuzzy set
is a collection of objects with graded membership, that is, having
degrees of membership.

Definition 2. [33] Let X be a nonempty set. An intuitionistic fuzzy
set A in X is an object having the form

A = {⟨x, 𝜇A(x), 𝜈A(x)⟩|x ∈ X},

where the functions 𝜇A(x), 𝜈A(x) ∶ X → [0, 1] define respectively,
the degree ofmembership and degree of nonmembership of the ele-
ment x ∈ X to the set A, which is a subset of X, and

(∀x ∈ X)[𝜇A(x) + 𝜈A(x) ⩽ 1].

Furthermore, value 𝜋A(x) = 1 − 𝜇A(x) − 𝜈A(x) is called the intu-
itionistic fuzzy set index or hesitation margin of x in A. 𝜋A(x) is the
degree of indeterminacy of x to the intuitionistic fuzzy set.

The intuitionistic fuzzy relation R on the set X × Y is an intuition-
istic fuzzy set of the form

R = {⟨(x, y), 𝜇R(x, y), 𝜈R(x, y)⟩|(x, y) ∈ X × Y},

here 𝜇R ∶ X × Y → [0, 1] and 𝜈R ∶ X × Y → [0, 1].
The intuitionistic fuzzy relation R satisfies the condition

(∀x, y ∈ X × Y)[𝜇R(x, y) + 𝜈R(x, y) ⩽ 1].

Definition 3. Let p and q be intuitionistic fuzzy variables that have
the form p = (𝜇(p), 𝜈(p)), q = (𝜇(q), 𝜈(q)), here 𝜇(p) + 𝜈(p) ⩽ 1,
and 𝜇(q) + 𝜈(q) ⩽ 1. Then the operations & and ∨ are defined as
[34]

p&q = (min(𝜇(p), 𝜇(q)),max(𝜈(p), 𝜈(q))), (1)

p ∨ q = (max(𝜇(p), 𝜇(q)),min(𝜈(p), 𝜈(q))). (2)

We assume that p < q if 𝜇(p) < 𝜇(q) and 𝜈(p) > 𝜈(p).
Definition 4. [5] A fuzzy graph is a triplet G̃ = (V, 𝜎, 𝜇), where V
is finite and nonempty vertex set, 𝜎 ∶ V → [0, 1] is a fuzzy subset
of V, and 𝜇 ∶ V × V → [0, 1] is fuzzy relation on X × X such that

(∀x, y ∈ V)[𝜇(x, y) ⩽ min(𝜎(x), 𝜎(y))].

This definition considers a fuzzy graph as a collection of fuzzy ver-
tices and fuzzy edges. Another version of a fuzzy graph was pro-
posed in [35,36] as a set of crisp vertices and fuzzy edges.

Definition 5. [35] A fuzzy graph is a pair G̃ = (V,R), where V is
a crisp set of vertices and R is a fuzzy relation on V, in which the
elements (edges) connecting the vertices V, have the membership
function 𝜇R ∶ V × V → [0, 1].
Such a fuzzy graph in article [36] was called a fuzzy graph of the first
kind.
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Definition 6. [8,9] An intuitionistic fuzzy graph is a pair G̃ =
(A,B), where A = ⟨V, 𝜇A, 𝜈A⟩ is an intuitionistic fuzzy set on the
set of vertices V, and B = ⟨V × V, 𝜇B, 𝜈B⟩ is an intuitionistic fuzzy
relation such that

𝜇B(x, y) ⩽ min(𝜇A(x), 𝜇A(y)),
𝜈B(x, y) ⩽ max(𝜈A(x), 𝜈A(y)).

(3)

and the following condition is fulfilled:

(∀x, y ∈ V)[0 ⩽ 𝜇B(x, y) + 𝜈B(x, y) ⩽ 1].

It should be noted that Definition 5 is an extension of a fuzzy graph
in the sense of Definition 3, in which the vertices and edges of the
graph are considered not as fuzzy, but as intuitionistic sets. In the
case of using a fuzzy graph in the sense of Definition 4, such a def-
inition of an intuitionistic fuzzy graph does not make sense, since
in the latter case the values 𝜇A(x) = 𝜇A(y) = 1, 𝜈A(x) = 𝜈A(y) = 0,
and therefore, the quantity 𝜈B(x, y) = 0. In this regard, we introduce
the following definition:

Definition 7. An intuitionistic fuzzy graph of the first kind is a pair
G̃ = (V,U), where V is a crisp set of vertices, U = ⟨V × V, 𝜇, 𝜈⟩ is
intuitionistic fuzzy relation (intuitionistic fuzzy edges) such that

(∀x, y ∈ V)[0 ⩽ 𝜇(x, y) + 𝜈(x, y) ⩽ 1].

3. DOMINATION SET OF INTUITIONISTIC
FUZZY GRAPH

Let G̃ = (V,U) be an intuitionistic fuzzy graph of the first kind.
Let p(x, y) = (𝜇(x, y), 𝜈(x, y)) be an intuitionistic fuzzy variable that
determines the degree of adjacency and the degree of nonadjacency
from vertex x to vertex y. Let X is an arbitrary subset of the vertices
set V. For each vertex y ∈ V ⧵ X, we define the volume

pX(y) =⋁
x∈X

p(x, y). (4)

Definition 8. [27] We call the set X an intuitionistic dominating
vertex set for vertex y with the intuitionistic degree of domination
pX(y).

Definition 9. We call the set X an intuitionistic dominating vertex
set for graph G̃ with the intuitionistic degree of domination:

𝛽(X) = &
y∈V⧵X

px(y) = &
y∈V⧵X⋁x∈X

p(x, y). (5)

The operations & and ∨ are defined by (1) and (2) in expressions
(4) and (5). Assuming that (∀y ∈ V)[p(y, y) = (1, 0)], expression
(5) can be rewritten as

𝛽(X) = &
y∈V⧵X

px(y) = &
y∈V⋁x∈X

p(x, y). (6)

Intuitionistic degree of domination 𝛽(X) = (𝜇(X), 𝜈(X))means that
there is some vertex in subset X ⊆ V that is adjacent to any other
vertex of the graph with degree at least 𝜇(X), and there is some ver-
tex that is not adjacent to any vertex of the graph with degree to not
more than 𝜈(X).

Example 1. For the intuitionistic fuzzy graph G̃ = (V,U), and
the subset X = {x1, x2}, shown in Figure 1, we define the values
pX(x3) = (0.5, 0.3), pX(x4) = (0.5, 0.2), pX(x5) = (0.6, 0.2). Conse-
quently, intuitionistic degree of domination 𝛽(X) = (0.5, 0.3).

Remark 1. If the graph G̃ is crisp, then the value p(x, y) = (1, 0), if
the vertex y is adjacent to the vertex x, and p(x, y) = (0, 1) otherwise.
Remark 2. If the graph G̃ is crisp, then the value 𝛽(X) = (1, 0),
if subset X ⊆ V is a dominating subset of crisp graph [31], and
𝛽(X) = (0, 1) otherwise.
Definition 10. We call the subset X ⊆ V a minimal intuitionis-
tic dominating vertex subset with the degree 𝛽(X), if the condition
𝛽(X′) < 𝛽(X) is true for any subset X′ ⊆ X.

Example 2. For the intuitionistic fuzzy graph presented in Figure 1,
the minimal intuitionistic dominating vertex subsets are X1 = {x2}
with 𝛽(X1) = (0.3, 0.3), and X2 = {x1, x2} with 𝛽(X2) = (0.5, 0.3).
Denote by Yk = {Xk1,Xk2, … ,Xkl} the family of all minimal intu-
itionistic dominating vertex subsets with k vertices and degrees of
domination 𝛽k1, 𝛽k2,…, 𝛽kl respectively. Let’s 𝛽0k = 𝛽k1∨𝛽k2∨…∨𝛽kl.
It means that there is a minimal intuitionistic dominating vertex
subset with k vertices with a degree of domination 𝛽0k in the graph
G̃ and there is no other intuitionistic dominating vertex subset with
k vertices whose degree of domination would be greater than 𝛽0k .
Definition 11. An intuitionistic fuzzy set

D̃ = {⟨𝛽01 /1⟩, ⟨𝛽02 /2⟩, … , ⟨𝛽0n /n⟩}

is called a domination set of graph G̃.

The domination set is an invariant of intuitionistic fuzzy graph G̃,
since it does not change during the structural transformations of
the graph.

Example 3. For the intuitionistic fuzzy graph presented in
Figure 1, the domination set is

D̃ = {⟨(0.3, 0.3)/1⟩, ⟨(0.5, 0.3)/2⟩, ⟨(0.5, 0.3)/3⟩,
⟨(0.6, 0.2)/4⟩, ⟨(1, 0)/5⟩}.

Remark 3. The concept of domination set was introduced for the
intuitionistic fuzzy graph of the first kind. However, taking into

Figure 1 Intuitionistic fuzzy graph, X = {x1, x2}
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account inequalities (3), it also holds for the intuitionistic fuzzy
graph of a general form (in the sense of Definition 6).

Property 1. For intuitionistic dominating set the following proposi-
tion is true:

(0, 1) ⩽ 𝛽01 ⩽ 𝛽02 ⩽,… ,⩽ 𝛽0n = (1, 0).

4. METHOD AND ALGORITHM FOR
FINDING DOMINATION SET

Wewill consider themethod of finding a family of all minimal intu-
itionistic dominating vertex subsets. The givenmethod is similar to
Maghout’s method for the definition of all minimal fuzzy dominat-
ing vertex sets [32] for fuzzy graphs.

Let us assume that setX𝛽 is an intuitionistic dominating vertex sub-
set of the graph G̃with the degree of domination 𝛽 = (𝜇𝛽, 𝜈𝛽). Then
for an arbitrary vertex xi ∈ V, one of the following conditions must
be true:

(a) xi ∈ X𝛽.

(b) if xi ∉ X𝛽, then there is a vertex xj so that it belongs to set
X𝛽, while the vertex xj is adjacent to vertex xi with the degree
(𝜇(xj, xi), 𝜈(xj, xi)) ⩾ 𝛽.

In other words, the following statement is true:

(∀xi ∈ V)[xi ∈ X𝛽 ∨ (∃xj ∈ X𝛽|

𝜇(xj, xi) ⩾ 𝜇𝛽&𝜈(xj, xi) ⩽ 𝜈𝛽)].
(7)

To each vertex xi ∈ Vwe assign Boolean variable pi that takes value
1, if xi ∈ X𝛽 and 0 otherwise. We assign the intuitionistic variable
𝜉ji = (𝜇𝛽, 𝜈𝛽) for the proposition (𝜇(xj, xi), 𝜈(xj, xi)) ⩾ (𝜇𝛽, 𝜈𝛽).
Passing from the quantifier form of proposition (7) to the form in
terms of logical operations, we obtain a true logical proposition:

ΦD = &
i=1,n

⎛⎜⎜⎝pi ∨ ⋁
j=1,n

(pj&𝜉ji)
⎞⎟⎟⎠

Here, n = |V|. Supposing 𝜉ii = (1, 0) and considering that the
equality piV⋁

j
(pj&𝜉ji = ⋁

j
(pj&𝜉ji is true for any vertex xj, we

finally obtain

ΦD = &
i=1,n

⎛⎜⎜⎝⋁j=1,n(pj&𝜉ji)
⎞⎟⎟⎠ . (8)

We open the parentheses in the expression (8) and reduce the sim-
ilar terms by following rules:

a ∨ a&b = a; a&b ∨ a&b = a;
(𝜉1 ⩾ 𝜉2) → (𝜉1&a ∨ 𝜉2&a&b = 𝜉1&a).

(9)

Here, a, b ∈ {0, 1} and 𝜉1, 𝜉2 ∈ [(0, 1), (1, 0)].
Then the expression (8) may be presented as

ΦD = ⋁
i=1,l

(p1i&p2i&…&pki&𝛽i). (10)

We can prove the next property:

Property 2. Each disjunctive member in the expression (8) gives a
minimum intuitionistic dominating vertex subset with the degree
𝛽i.

Proof. Let’s consider that further simplification is impossible in
expression (10). Let, for definiteness, disjunctive member

(p1&p2&…&pk&𝛽) (11)

is included in the expression (10). Here, k < n and (0, 1) < 𝛽 ⩽
(1, 0).

We rewrite (8) as

ΦD = ((1, 0)p1 ∨ 𝜉2,1p2 ∨ … ∨ 𝜉n,1pn)&
&(𝜉1,2p1 ∨ (1, 0)p2 ∨ … ∨ 𝜉n,2pn)&
&…&

&(𝜉1,np1 ∨ 𝜉2,np2 ∨ … ∨ (1, 0)pn

(12)

Then in expression (12) the following statement should be fulfilled:

(∀i = 1, k)[𝜉i,k+1 < 𝛽].

Therefore, all disjunctive members which do not contain variables
pk+1, pk+2,…, pn, necessarily contain coefficients of the smaller value
𝛽 in expression (10). From there, the disjunctivemember (11) is not
included in the expression (10). The received contradiction proves
that subset X𝛽 = {x1, x2, … , xk} has degree 𝛽.
We now show that the disjunctive member (11) is the minimum
member. We will assume the opposite. Then should be performed
condition (a) or condition (b):

(a) There exists a vertex x ∈ X𝛽 such that p(x, y) > 𝛽 holds for
any vertex y ∈ V ⧵ X𝛽 .

(b) There is a subset X′ ⊂ X𝛽 such that for any vertex y ∈ V ⧵ X′
there exists a vertex x ∈ X′ such that p(x, y) = 𝛽.

Let the condition (a) is satisfied. Then the next statement is true:

(∀y ∈ V ⧵ X𝛽)(∃x ∈ X𝛽)[p(x, y) = 𝛽′ > 𝛽].

Let’s present expression ΦD in the form (12). If logic multiplication
of each bracket against each other is performed without rules of
absorption (9) we receive n2 disjunctive members. Moreover, each
member contains exactly n elements, where each element comes
from a separate bracket of decomposition (12). We will choose one
of n2 disjunctive members as follows:

• element (1, 0)p1 is selected from the first bracket;

• element (1, 0)p2 is selected from the second bracket;

• etc.;

• element (1, 0)pk is selected from the bracket k;

• from the bracket (k + 1) we will select element 𝜉i1,k+1&pi1
such, that index i1 ∈ [1, k], and 𝜉i1,k+1 ⩾ 𝛽′;
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• from the bracket (k + 2) we will select element 𝜉i2,k+2&pi2
such, that index i2 ∈ [1, k], and 𝜉i2,k+2 ⩾ 𝛽′;

• etc.;

• from the bracket n we will select element 𝜉in−k,n&pin−k such,
that index in−k ∈ [1, k], and 𝜉in−k,n ⩾ 𝛽′.

Using rules of absorption (9), the resulting disjunctive mem-
ber can be represented as (p1&p2&…&pk&𝛽′), where 𝛽′ =
𝜉i1,k+1&𝜉i2,k+2&…&𝜉in−k,n > 𝛽 and which will be necessarily
absorbed by a disjunctive member (11).

We obtained a contradiction, which proves the impossibility of case
(a).

Now suppose that condition (b) is satisfied. Let’s for definiteness
X′ = {x1, x2, … , xk−1}. Considering expressionΦD in the form (12),
we will choose a disjunctive member as follows:

• element (1, 0)p1 is selected from the first bracket;

• element (1, 0)p2 is selected from the second bracket;

• etc.;

• element (1, 0)pk−1 is selected from the (k − 1) bracket;
• from the bracket (k) we will select element 𝜉i1,k&pi1 such, that

index i1 ∈ [1, k − 1], and 𝜉i1,k+1 ⩾ 𝛽;
• from the bracket (k + 1) we will select element 𝜉i2,k+1&pi2

such, that index i2 ∈ [1, k − 1], and 𝜉i2,k ⩾ 𝛽;
• etc.;

• from the bracket n we will select element 𝜉in−k+1,n&pin−k+1 such,
that index in−k+1 ∈ [1, k − 1], and 𝜉in−k+1,n ⩾ 𝛽.

Using rules of absorption (9), the resulting disjunctive mem-
ber can be represented as (p1&p2&…&pk−1&𝛽′), where 𝛽′ =
𝜉i1,k&𝜉i2,k+1&…&𝜉in−k+1,n ⩾ 𝛽 and which will be necessarily
absorbed by a disjunctive member (11). We obtained a contradic-
tion, which proves the impossibility of case (b).

Hence, Property 2 is proved.

The following algorithm for finding of intuitionistic dominating set
may be proposed on the base of Property 2:

• We write proposition (8) for given intuitionistic fuzzy graph G̃.

• We simplify proposition (8) by proposition (9) and present it as
a proposition (10).

• We define all minimum intuitionistic dominating vertex
subsets, which correspond to the disjunctive members of
proposition (10).

• We define the domination set of graph G̃.

To construct the expression (10) we rewrite the expression (8) as
follows:

ΦD = &
i=1,n

(ai1p1 ∨ ai2p2 ∨ … ∨ ainpn). (13)

We convert pair aij&pj from expression (13) to weighted binary vec-
tor aij&Pj. Here Pj = ||p(j)i || is a binary vector that has a dimension
of n. The elements of vector Pj are defined as

p(j)i = {1 if i = j ,
0 if i ≠ j .

The conjunction of (a1p1) and (a2p2) from expression (13) corre-
sponds the conjunction of two weighted binary vectors a1P1 and
a2P2, P1 = ||p(1)i ||, P2 = ||p(2)i ||, i = 1, n, a1, a2 ∈ [(0, 1), (1, 0)].
In a vector space the conjunction is defined as a1P1&a2P2 = aP,
where a = min{a1, a2}, P = ||pi||, pi = max{p(1)i , p(2)i }, i = 1, n.
We define the operation ⩽ “less or equal” between binary vectors.
Binary vector P1 is less or equal than P2 if and only if each element
of P1 is less or equal than the corresponding element of vector P2.
Or

(P1 ⩽ P2) ⇔ (∀i = 1, n)[p(1)i ⩽ p(2)i ].

Considering the algebra in space of weighted binary vectors, we can
make a rule of absorption:

(a1 ⩾ a2&P1 ⩽ P2) ⇒ a1P1 ∨ a2P2 = a1P1. (14)

Now we can construct statement (10) using the conjunction oper-
ation and the rule of absorption of weighted binary vectors by
Algorithm 1.

The idea of Algorithm 1 is as follows. Parentheses set of expres-
sion (13) is passed as an input. Each element of parentheses is
converted to a weighted binary vector. In a loop, the vectors
are multiplied together, according to the Conjunction Function
(Algorithm 2), where absorption rule 14 is applied. The temporary
result vector replaces the 1st vector and is used in the next iteration.
In the end, the final result is taken from the 1st vector, which will
determine the expression (10). That is, each element of the 1st vec-
tor defines aminimum intuitionistic dominating vertex subset with
a calculated degree.

The time complexity of an algorithm is measured by the number of
successive steps for its execution and is denoted by T. A step can be
interpreted as an operation of binary comparison of elements.

All operations of Algorithm 2 requireNj×Mj×(n+2) comparisons.
HereNj is the number of elements in the vectorV1;Mj is the number
of compared elements in the vector V2 at the j-th step of calling
(j = 2, n) Algorithm 2 from Algorithm 1; (n + 2) is the number
of comparisons in each cycle of Algorithm 2; n is the number of
vertices in the graph G̃.

Let 𝜌(x) be the half-degree of entry of the vertex x ∈ V (the num-
ber of edges that “enter” the vertex x). Let us denote by 𝜌max =
max
x∈V

𝜌(x). If we estimate the complexity of the algorithm “from
above,” assuming that there will be no absorptions in Algorithm 2,
then we get: N2 ⩽ 𝜌max, N3 ⩽ 𝜌2max, …, Nn ⩽ 𝜌n−1max , (∀j = 2, n)Mj ⩽
𝜌max.

This implies T ⩽ (𝜌2max + 𝜌3max + 𝜌nmax) × (n + 2) × 𝜏, where 𝜏
is the binary comparison time. As the result, the estimation of the
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time complexity of the considered algorithm can be represented as
O(n𝜌nmax).

This way we have all minimal intuitionistic dominating vertex sub-
sets of graph G̃.

5. NUMERICAL EXAMPLE

Let’s consider an example of finding the domination set of graph G̃
shown in Figure 2.

The adjacent matrix of intuitionistic fuzzy graph G̃ looks like this:

RX = x1 x2 x3 x4 x5 x6
x1
x2
x3
x4
x5
x6

⎛⎜⎜⎜⎜⎜⎜⎝

(1, 0) (0, 1) (0.8, 0.1) (0.5, 0.4) (0, 1) (0, 1)
(0.5, 0.5) (1, 0) (0.3, 0.5) (0, 1) (0, 1) (0, 1)
(0, 1) (0.4, 0.4) (1, 0) (0, 1) (0, 1) (0.3, 0.6)

(0.6, 0.3) (0, 1) (0, 1) (1, 0) (0, 1) (0, 1)
(0, 1) (0.7, 0.2) (0, 1) (0, 1) (1, 0) (0, 1)
(0, 1) (0, 1) (0, 1) (0, 1) (0.6, 0.3) (1, 0)

⎞⎟⎟⎟⎟⎟⎟⎠
The corresponding expression (8) for this graph has the following
form:

ΦD = [(1, 0)p1 ∨ (0.5, 0.5)p2 ∨ (0.6, 0.3)p4]&

&[(1, 0)p2 ∨ (0.4, 0.4)p3 ∨ (0.7, 0.2)p5]&

&[(0.8, 0.1)p1 ∨ (0.3, 0.5)p2 ∨ (1, 0)p3]&

&[(0.5, 0.4)p1 ∨ (1, 0)p4]&

&[(1, 0)p5 ∨ (0.6, 0.3)p6]&

&[(0.3, 0.6)p3 ∨ (1, 0)p6].

VectorsV1 andV2 have the following form before the first iteration:
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Figure 2 Intuitionistic fuzzy graph G̃.

V1 =

|
|
|
|
|
|
|
|

(1.0, 0.0)(100000)
(0.5, 0.5)(010000)
(0.0, 1.0)(001000)
(0.6, 0.3)(000100)
(0.0, 1.0)(000010)
(0.0, 1.0)(000001)

|
|
|
|
|
|
|
|

,

V2 =

|
|
|
|
|
|
|
|

(0.0, 1.0)(100000)
(1.0, 0.0)(010000)
(0.4, 0.4)(001000)
(0.0, 1.0)(000100)
(0.7, 0.2)(000010)
(0.0, 1.0)(000001)

|
|
|
|
|
|
|
|

.

After the first iteration of the algorithm, vectorsV1 andV2 have the
following forms:

V1 =

|
|
|
|
|
|
|
|
|
|

(1.0, 0.0)(110000)
(0.4, 0.4)(101000)
(0.7, 0.2)(100010)
(0.5, 0.5)(010000)
(0.6, 0.3)(010100)
(0.4, 0.4)(001100)
(0.6, 0.3)(000110)

|
|
|
|
|
|
|
|
|
|

,

V2 =

|
|
|
|
|
|
|
|

(0.8, 0.1)(100000)
(0.3, 0.5)(010000)
(1.0, 0.0)(001000)
(0.0, 0.0)(000100)
(0.0, 0.0)(000010)
(0.0, 0.0)(000001)

|
|
|
|
|
|
|
|

.

After completing the iterations, finally we have

V1 =

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

(1.0, 0.0)(111111)
(0.8, 0.1)(110111)
(0.7, 0.2)(100111)
(0.6, 0.3)(011101)
(0.6, 0.3)(110101)
(0.6, 0.3)(001111)
(0.5, 0.4)(110001)
(0.3, 0.6)(101010)
(0.4, 0.4)(101001)
(0.5, 0.4)(100011)
(0.5, 0.5)(010101)
(0.4, 0.4)(001101)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

.

So, the formula (10) for this graph has the form

ΦD = (0.5, 0.4)p1p2p6 ∨ (0.3, 0.6)p1p3p5∨
∨(0.4, 0.4)p1p3p6 ∨ (0.5, 0.4)p1p5p6∨
∨(0.4, 0.4)p3p4p6 ∨ (0.6, 0.3)p1p2p4p6∨
∨(0.7, 0.2)p1p4p5p6 ∨ (0.6, 0.3)p2p3p4p6∨
∨(0.6, 0.3)p3p4p5p6 ∨ (0.8, 0.1)p1p2p4p5p6∨
∨(0.5, 0.5)p2p4p6 ∨ (1, 0)p1p2p3p4p5p6

It follows from the last equality that graph G̃ has 12 minimal intu-
itionistic dominating vertex subsets, and the domination set is
defined as

D̃ = {⟨(0.5, 0.4)/3⟩, ⟨(0.7, 0.2)/4⟩, ⟨(0.8, 0.1)/5⟩,
⟨(1, 0)/6⟩}.

This domination set shows, in particular, that there is a subset in
the graph (X = {x1, x4, x5, x6}), consisting of 4 vertices such that
all other vertices of the graph (V ⧵ X = {x2, x3}) are adjacent to at
least one vertex of the subset X with the degree at least 0.7, and not
adjacent with the degree at most 0.2.

6. CONCLUSION

In this paper, we considered the concepts of fuzzy minimal intu-
itionistic dominating vertex subsets and a domination set of the first
kind intuitionistic fuzzy graph. The method for finding all fuzzy
minimal dominating vertex subsets was developed and it has been
proven that this method gives an exact solution. This method is the
generalization of Maghout’s method for a fuzzy graph. The domi-
nation set allows estimating any intuitionistic fuzzy graph from the
point of view of its invariants. It should be noted that the consid-
ered method is a method of complete ordered search since such
problems can be reduced to coverage problems, that is, these prob-
lems are NP compete. However, the proposed method can be effec-
tively used for intuitionistic fuzzy graphs without a large number of
vertices.

In future research, the considered method and algorithm can
be used to find other invariants, in particular, externally stable
set, intuitionistic antibase, and coloring of the intuitionistic fuzzy
graphs.
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