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ABSTRACT

Anti-fuzziness has a vital role in the field of intuitionistic fuzzy theory. In this paper we defined the notion of anti-vertex
cover of an intuitionistic anti fuzzy graph. Further we discussed some properties of anti-vertex cover and anti-vertex
covering number of intuitionistic anti-fuzzy graphs and derived some theorems too. Anti-Cartesian product of two
intuitionistic anti-fuzzy graphs is defined and derived theorems based on that.

Keywords: Anti-vertex cover of intuitionistic anti-fuzzy graph, anti-vertex covering number, anti-Cartesian
product, minimum anti-vertex covering, anti-independent set, neighbourhood degree of IAFG.

I. INTRODUCTION

The fundamental conception of fuzzy sets was introduced by Lotfi A. Zadeh [16] in 1965. His idea of fuzzy sets
and fuzzy relations facilitate to carry out the vagueness, ambiguity and fuzziness of real life human problems. Kaufmann
[2] introduced the idea of fuzzy graph in 1973 using the concepts of fuzzy sets and fuzzy relations introduced by L. A.
Zadeh. Many mathematicians studied and discussed the notion of fuzzy graphs and developed different part of this theory.
As graph theory has numerous applications in the field of computer science including communication networks, artificial
intelligence, pattern clustering, image retrieval etc. the field of fuzzy graph theory accomplished a tremendous growth.
Later Rosenfeld [13] imported several fuzzy based graph theoretic ideas such as bridges, paths, trees, connectedness etc.
in 1975.

Krassimir Atanassov [1] popularized the concept of intuitionistic fuzzy relations and intuitionistic fuzzy graphs
in 1994. Different operations on intuitionistic fuzzy graphs were discussed by Parvathy and Karunabigai [11]. A.
Somasundaram and S. Somasundaram [14] gave an introductory discussion on domination in fuzzy graph using effective
edges. But Nagoor Gani and Chandrasekharan [10] modified this definition of domination and independent domination in
fuzzy graph using strong arcs. The concept of anti-fuzzy structure is first introduced by Muhammad Akram [4] in 2012.
The anti-fuzzy structure in the theory of intuitionistic fuzzy graph was first introduced by R. Muthuraj, Vijesh V. V. et al.
[7] and termed as intuitionistic anti-fuzzy graph. They defined different operations as anti-union, anti-join, anti-cartesian
product etc. and discussed some properties on these operations. They also studied and explained some domination
parameters on IAFG and derived some results. In this paper, our aim is to define anti-vertex covering of intuitionistic anti-
fuzzy graph and develop some notable results with proof. The notion of neighbourhood degree of a vertex in an
intuitionistic anti-fuzzy graph is defined and derived some theorems. We also discuss the relation between the intuitionistic
fuzzy anti-vertex covering and anti-vertex independent set.

I1. PRELIMINARIES

Definition 2.1: An intuitionistic anti-fuzzy graph is of the form G = (V, E) where
(i) V= {vy,vy, .....vy} such that n;: V- [0, 1] and y,: V — [0, 1] denote the degree of membership and non-membership

of the element v; € V respectively and 0 < p; (v;) + v, (vi) < 1............ (1) foreveryv; €V, (i=1,2,...n),
(i) ES VX Vwhere n,: VXV —[0,1] and y,: VX V — [0, 1] are such that

iy (Vi,v]-) > max {i, (v), iy (V]-)} s 2

Y2 (Vi, vj) = min {y; (v;), v1 (V]-)} ........... 3)
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and 0 < uz(vi,v]-) + V2 (vipvp) S 1o (4) forevery (v;,v;) €E,(i,j=1,2,...n).

Definition 2.2: Let G, = (V, E) be an intuitionistic anti-fuzzy graph. Then the vertex cardinality of V is defined by

1+ g (vi) —y1(vy)
-y (et

ViEV

Definition 2.3: Let G, = (V, E) be an intuitionistic anti-fuzzy graph. Then the edge cardinality of E is defined by

E= ) <1 + K2 (viyv;) — VZ(Vi'Vj)> -y (1 + Ha (&) _Yz(ei))

2 2

(Vi,V]')EE €;€EE

Definition 2.4: Let G, = (V, E) be an intuitionistic anti-fuzzy graph. Then the cardinality of G, is defined by

Gl = 11+ 151 = [y (FEROD=RO0) 5 (2 () - o)
ViEV

Definition 2.5: The vertices u and v are said to be the neighbours in an intuitionistic anti-fuzzy graph G, if either of the
following conditions hold.

(Vi,Vj)EE

(I) uZ(u' V) > 0' YZ(u' V) >0
(") uZ(u' V) = 0! Y2 (u' V) >0
("I) uZ(u' V) > 0' YZ(u' V) =0

Definition 2.6: An edge e = (u, v) of intuitionistic anti-fuzzy graph G, = (V, E) is said to be an effective edge if p, (u, v)
max {p; (w), p; (v)}and y,(u, v) = min {y;(w), y1(v)}
Definition 2.7: An intuitionistic anti-fuzzy graph G, = (V, E) is said to be complete if Hajj =
max {jy;, tyj}and o5 = min {yy5,v45}, ¥ vi,v; € V.
Definition 2.8: An intuitionistic anti-fuzzy graph G, = (V, E) is said to be bipartite intuitionistic anti-fuzzy graph if the
vertex set V can be partitioned into two non-empty sets V; and V, such that
() Mz =0 andyy; =0, if v;,v; EVy0orv,v; €V,
(i) pai; > 0 andy,; > 0, if v; € V; orv; € V, for someiand j
(or) mpi; =0 andyy; >0, if v; € Vyorv; €V, forsomeiandj
(0r) pz;; >0 andyy; =0, if v; € V; orv; €V, for someiandj

Definition 2.9: A bipartite IAFG graph G, = (V,E) is said to be complete if U, (u,v) =
max {y; (u), u;(v)} and y,(u,v) = min {y;(u),y;(v)} forallu € V;andv € V,.

Definition 2.10: An IAFG graph G, = (V, E) is said to be strong if ,; = max {py;, py;} and Yoij = min {15, v1j},
A4 (Vi, V]) eE.

Definition 2.11: Let G, = (V, E) be an IAFG. The degree of a vertex u is denoted by dg, (u) and defined as

141, v) =W _ 0 (1+ @) — @ v)
Ao, (W) = Z 2 - Z 2
(u,v)EE V£u
Definition 2.12: The minimum degree of an intuitionistic anti-fuzzy graph G, = (V,E) is 8(Gy) =
min {dGA(u)/u € V}.
Definition 2.13: The maximum degree of an intuitionistic anti-fuzzy graph G, = (V,E) is A(Gy) =

max {dGA(u)/u € V}.

Definition 2.14: The total degree of a vertex u in an intuitionistic anti-fuzzy graph G, = (V, E) is defined as

() = dg, @) + (1)
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Definition 2.15: Let G, = (V, E) be an intuitionistic anti-fuzzy graph. Let u,v € V, we say that u dominates v in G, if
1, (u, v) = max{p, (u), p;(v)}and y,(u,v) = min {y,(u),y;(v)}. A subset D of V is called a dominating set in an
intuitionistic anti-fuzzy graphG, if, for every vertex v ¢ D, there exists u € D such that u dominates v. A dominating set
D of an intuitionistic anti-fuzzy graph G, = (V, E) is said to be a minimal dominating set if no proper subset of D is a
dominating set of G,. The maximum fuzzy cardinality taken over all minimal dominating set in an intuitionistic anti-fuzzy
graphGy, is called the domination number of G, and it is denoted by y(G,) or y4.

Definition 2.16: Two vertices u, v € V in an intuitionistic anti-fuzzy graph G, = (V, E) are said to be anti-independent if
Mz (u,v) # max{p, (u), py(v)} and y;(u, v) # min {y, (), y;(v)}

Definition 2.17: Let G4; = (V;, E;) and G,, = (V,, E,) be two intuitionistic anti-fuzzy graphs. Then the anti-cartesian
product of G, and G, is denoted by Gpq X Gy, is denoted by Gy X Ga, = (V,E’) where V=V, x V, and
E' = {(w,uz)(u,vz):u € V;, (uy,vy) € E;} U {(uy, w)(vy, w):w EV,, (uy,vq) € Eq}
and defined by
() (h1 X 1y ) (ug, uz) = max{yp,; (ug), py"(uz) 3,V uy,up; €V and
(y1 X v1)(uy, uz) = minfy; (uy),v,"(uz) ,Vug,u; €V
(i) (12 X ") (0, uz) (u, v2) = max{y, (w), ;' (uz, v2) },Vu € V; and (up, vz) € Ez
(v2 X v2")(w,uz)(u, v2) = min{y; (), v, (uz,v2) J, Vu € V; and (uz, v2) € E; and (u X
") (ug, w)(vq, w) = max{p,'(w), pp(uy,vy) L,V w € Vy and (uy, vq) € Eq, (v2 X vz ) (g, w)(vy, w) =
min{y,'(w),y,(uy,vy) },Vw € V, and (uq,v4) € E;.

I11. ANTI-VERTEX COVERING IN IAFG

Definition 3.1: Let G, = (V,E) be an IAFG. Then D € V in G, is said to be an anti-vertex cover of G, if every strong arc
of G, incident with at least one vertex of D.

The anti-vertex covering number of IAFG G, = (V, E) is the minimum cardinality among all anti-vertex covers of IAFG
G, and which is denoted by B(G,).
Theorem 3.1: In an IAFG G, = (V, E) without isolated vertices, the anti-vertex covering number is at most half of the

Vi

vertex cardinality. That is, B(G,) < -

Proof: Let G, = (V, E) be an IAFG without isolated vertices. Let D be the anti-vertex cover of G,.
So D covers all the strong arcs of G, and hence V \ D is also an anti-vertex cover of G, , because G, = (V, E) is having
no isolated vertex.

Therefore, B(Gy) = min{| D |,|V\D |} < %

Hence, B(G,) < % Thus anti-vertex covering number B(G,) is at most half of the vertex cardinality of an IAFG G, =
(V, E) without any isolated vertex.

Example 3.1:
us (0.2.0.5) (0.3.0.3) u»(0.3.0.3)
(0.6.0.3)
(0.3.0.3) (0.3.0.3)
U2(0.3.0.7)  (05.0.4 Us(0.5.0.3)  (0.5.0.3) u=(0.2.0.2)

Figure 1: Intuitionistic anti-fuzzy graph G,(V, E)

In figure 1, (us, u2), (U2, us) and (us, Us) are strong arcs.
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Thus the anti-vertex cover of G4(V,E) isD = { u,, us} and hence the anti-vertex covering number 8(G,) = 1.

Theorem 3.2: Let G4 = (Vy, E;) and G, = (V,, E,) be two intuitionistic anti-fuzzy graphs with anti- vertex covering
sets D, and D, , respectively. Then the minimum anti-vertex covering of the union G4q U G,, is D; U D,.

Proof: Let G4; = (V;, E;) and G,, = (V,, E;) be two intuitionistic anti-fuzzy graphs with anti- vertex covering sets D,
and D, , respectively.
The union of G441 and G,, IS Gaq U Gay = (V4 UV, E; U E,) such that

(), ifvevy\ V,

(kU pH) = w'(v),ifve vy \ v
min {H1(V), M1’(V)}: ifve Vl n VZ

yi(v),ifve Vv \ 'V,
(1 UvHV) = Vi’ (W), ifveV, \ Vy
min {y;(v), vy, (")} ifveVv,nV,
and
1, (u,v),if (u,v) € E; \ E,
(k2 V) v) = o' (w,v),if (u,v) € E; \ E;
min {y,(w,v), 1" (u,v)}if (u,v) € E; N E,

Y2 (ll, V)' if (ll, V) € El \ EZ
(YZ U YZI)(U' V) = Yzl(u! V)vif (u! V) € EZ \ El
min {y,(u,v),y;' (w,v)},if (u,v) € E; N E,

Where (py,v1) and (py’,y,") refer the vertex membership and non-membership of G,,and G,, respectively, (p,,y,) and
(2", v2") refer the edge membership and non-membership of G,,and G,, respectively.

By the membership and non-membership values of an arbitrary arc (u,v) in G4; U G,y , the strong arc (u,v) in Gqq U
G, Will be covered by D; U D,. Hence D; U D, will be the minimum anti-vertex covering of G4; U G,.

Example 3.2: From the following figures: anti-vertex covering of G,4 is {v}, anti-vertex covering of G,, is {v}. The anti-
vertex covering numbers are B(Ga1) = 0.6 and B(G,,) = 0.5
Anti-vertex covering of G4 U Gy is {v} and anti-vertex covering number of Gaq U Gpz iS B(Gaq U Gaz) = 0.55

u (0.;. 0.3)
(0.5.0.2)

l ® v (0.3.0.3)
v(0.4.0.2) (05.04) w (0.2.0.3)

Figure 2: IAFG G,4(V, E) Figure 3: IAFG G, (V, E)

u(0.5,0.1)
(0.5,0.1)
@

v(0.3,0.2) (05,04) w(0.20.3)
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Figure 4: IAFG Gpq U Gy,

Theorem 3.3: Let G4q = (V;, E;) and G,, = (V,, E;) be two intuitionistic anti-fuzzy graphs with V; NV, = ¢ . Then
the anti-vertex covering number of G,; U Gy, Will be

B(Ga1 U Gaz) = B(Gag) + P(Gaz)

Proof: Let Gy, = (V4, E1) and G,, = (V,, E,) be two intuitionistic anti-fuzzy graphs such that V; NV, = .

Let D, be the minimum anti-vertex covering set of G,, with anti-vertex covering number 3;.

Let D, be the minimum anti-vertex covering set of G,, with anti-vertex covering number §,.

Since V; and V, are two disjoint vertex sets, the membership and non-membership values of vertices in V; and V, are
preserved in Gy U Gps.

Since there is no common arc in G,,and Gy, , the strong arcs in these two intuitionistic anti-fuzzy graphs preserved in
Gpq U Gy, Hence the minimum anti-vertex covering of G,q U Gao would be D; U D,,.

Since V; NV, = @, there is no common vertex in D, and D,. Hence the minimum anti-vertex covering number of G; U
G2 Will be the sum of anti-vertex covering numbers of G,,and G, .

Therefore, B(Gay U Gaz) = B(Gag) + B(Gaz) if G4, and G,, has no common vertices.

Theorem 3.4: Let Gy = (V;, E1) and G,, = (V,, E,) be two intuitionistic anti-fuzzy graphs with V; NV, # ¢ and has
at least one common strong arc. Then the anti-vertex covering number of G4; U Gu, lies between the anti-vertex covering
numbers of G,,and G,,, both inclusive.

Thus min{B(Gy, ), B(Ga,)} < B(Gar U Gaz) < max{B(Gya,), B(Ga,)}-

Proof: Let G4 = (V;, E1) and G, = (V,, E,) be two intuitionistic anti-fuzzy graphs such that V; NV, # @. Letu,v €
Viandu,v € V,. So, (u,v) € E{ NE,.
Suppose (u,v) is a strong arc in G, and G,,. Then one of these vertices u, v must be in D, and D,. Hence the anti-vertex

covering set of G,y U Gy, must contain that vertex without showing this repetition. Hence B(Ga1 U G,3) Will be a value
less than or equal to the bigger among B(G,1) and B(Gaz).

Now, if the vertex dominating set with smaller B value has at least one strong arc, then the vertex dominating set of G, U
G, must contain the corresponding vertex. So B(Gay U Gao) will be a value greater than or equal to the smaller of B(Gq)

and B(Gaz)-
Thus min{B(Gy, ), B(Ga,)} < B(Ga1 U Gaz) < max{B(Ga,), B(Ga,)}-

Theorem 3.5: If D; and D, are anti-vertex covering sets of two IAF graphs G,; = (Vy, E1) and Gup = (V,, Ey)
respectively, then the minimum anti-vertex covering set of G4y X Gy is {D; X (V,\D;)} U {(V;\D;) x D,}.

Proof: Let G4; = (V;, Eq) and G,, = (V,, E,) be two intuitionistic anti-fuzzy graphs with anti-covering set D, and D,
respectively. The edge membership and non-membership values of the anti-cartesian product G,; X G, are of the form:
(pz X P'zl)((u' uz)(u, Vz)) = max{p; (u), p;'(uz,v2) },Yu € V; and (uz, v;) € E; ,
(v2 X v2) ((u,u3) (u,v;)) = min{y; (u),y,'(u,v2) },V u € V; and (uy,v;) € E, and
(2 X 12 (g, W) (vy, W) = max{u,' (W), ity (g, v) },¥ w € Vy and (uy,vy) € By,
(v2 X v2")((ug, w)(vy, w)) = min{y," (W), y,(u;,v;) },V W € V, and (uy,vy) € E;.
Thus
(12 X 12" ) (0, up)(u, v3)) = max{y, (), ;' (ug, v;)} and
(v2 X v2) (0, uz) (u,v3)) = min{y; (), v, (uz, v2)},
Vu€ V;and (u,, v;) € E,
= ((u,up)(u,v,)) if (uy,vy) € E, isastrong arc in Gy,.
Again
(k2 X 1z") ((ug, w) (v, w)) = max{p,'(w), u, (uy, v4)} and
(v2 X v2")((ug, w) (v, w)) = min{y," (W), v, (uy, v1)},
Vwe V,and (uq,vq) € E;.
= ((uy, w) (v, W) if (ug,vq) € Eq isastrong arcin Gpy.
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Hence ((u,uz)(u,vy)) if (uz, v3) € E; and ((uy, w)(vy, w)) if (uy,vy) € E; are two strong arcs in the anti-cartesian
product G441 X Gp,.
To prove these arcs covered by the set {D; x (V,\D,)} U {(V;\D;) x D,}, following cases are considered:
Case (i): ((u,uz)(w,v)) if (uy,vy) € E, isastrong arc in IAFG Gp,.
(@). If u € D, and assume u, ¢ D, ,v, € D, , since D, is a minimum anti-vertex cover of IAFG G,,.
Thus, (k2 X 12" )((w, uz) (W, v2)) = max{y, (u), 1" (uz, v2) }

= max{y, (w), max{p,'(up), 1y ' (v;)}}

= max{y,; (w), ' (uz), 1y '(v2) }

= max{p, (w), ;" (uz), py (), puy"(v2) }

= max{max{y, (), i ' (uz)}, max{y, (u), ;' (v2)}}

= max{(i; X ;) (w, uz), (ny X py)(w, v2) 3
also (v2 X v2")((w,uz)(u,v)) = minfy; (u), ;' (uz, v2)}

= min{y; (u), minfy,’(uz),v,' (v;)}}

= min{y; (), y,'(uz),y1' (v2)}

= min{y; (), y,'(uz), y1(w),y,'(v2)}

= min{min{y, (u), y,'(uz)}, min{y; (u),v,"(v;)}}

= min{(y; Xy, (W, uz), (y1 X v1)(u,v2)}
It is clear that the arcs in this situation and u € D, is covered by the vertex (u,u,) € {D; x (V,\D;)}.
(b). If u ¢ D, and assume u, ¢ D, ,v, € D, , since D, isa minimum anti-vertex cover of IAFG Gyg,.
Thus, (uy X 1) (0, u)(u, v;)) = max{y, (), u,' (uy, v2) }

= max{p, (), max{p, ' (uz), 1" (v2)}}

= max{p, (W), ;' (uz), uy"(v2) }

= max{p, (w), iy " (uz), py (W), py"(v2) }

= max{max{y, (), 1" (uz)}, max{y, (u), 1, '(v2)}}

= max{(p; X ;) (u, uz), (g X py")(w,v7) }
also (v2 X v2")((w,uz)(u,v)) = min{y; (u),v;' (uz, v2)}

= min{y, (u), min{y,(u3), vy’ (v2)}}

= min{y; (), y,'(uz), v, (v2)}

= min{y; (), y,'(uz), y1(w), v1'(v2)}

= min{min{y, (u), y,'(uz)}, min{y; (u),v,"(v;)}}

= min{(y; Xy, (W, uz), (y; X v1)(u,v2)}

It is clear that the arcs in this situation and u & D, is covered by the vertex (u,u,) € {(V;\D;) X D,}.
Hence the arcs in case (i) are covered by the vertex set {D; x (V,\D;)} U {(V;\D;) X D,}.

Case (ii): ((uy, w)(vy, w)) if (uy,vy) € Eq isastrong arc in IAFG Gy;.
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(@). If w € D, and assume uq € D, ,v4 € D, , since D, is a minimum anti-vertex cover of IAFG G,;.
Thus, (i X 1" )((ug, W) (vy, W) = max{y, (ug, vy), 1" (W) }
= max{max{y; (uy), b1 (v1)}, iy " (W)}
= max{p; (uq), py (v1), 1y (W) }
= max{p; (uq), by " (W), 3 (v), 1y " (W) }
= max{max{ys; (uy), 1’ (W)}, max{s; (v1), b (W)}
= max{(; X py)(ug, w), (g X py")(vq, W)}
also (v X v2")((ug, w)(vy, w)) = minfy, (uy, vy),y;' (W)}
= min{min{y; (uy), v1(v1)}, v1'(W)}
min{y; (uy),v1(v1),y1' (W)}

min{y; (uy), v (W), y1(v1),v1 (W)}

min{min{y; (u,), ;' (W)}, min{y; (v1), v;' (W)}

= min{(y; X y1")(ug, W), (y1 X v1)(vy, W)}
Hence it is clear that the arcs in this situation and w € D, is covered by the vertex (uy,w) €
{(V;\D;) X D,}.
(b). If w ¢ D, and assume u; ¢ D;,vq; € D, , since D; is a minimum anti-vertex cover of IAFG G,;.
Thus, (1 X 1p") ((ug, w) (vy, w)) = max{y, (uy, vi), by’ (W) }

= max{max{y, (uy), i3 (v} by " (W)}

= max{p; (uq), uy (v1), 1y' (W) }

= max{p, (uy), py" (W), 1y (ve), 1y (W) 3

= max{max{p; (uy), ;' (W)}, max{p; (v1), uy' (W)}

= max{(p; X ;") (ug, w), (g X g ) (vy, W)}
also (v X v2")((ug, w)(vy, w)) = minfy, (uy, vy),v,' (W)}

= min{min{y, (uy), v, (v1)}, y:'(W)}

= min{y; (uy),y;(v1),v1'(W)}

= min{y; (1), y,' (W), v1(v1), v1'(W)}

= min{min{y; (uy),v,' (W)}, min{y; (vy), v,'(w)}}

= min{(y; X y1)(uy, W), (v1 X v1)(v1, W)}

Hence it is clear that the arcs in this situation and w & D, is covered by the vertex (v, w) € {D; X (V,\D,)}.

Hence the arcs in case (ii) are covered by the vertex set {D, x (V,\D,)} U {(V;\D;) x D,}.

Therefore {D; x (V,\D;)} U {(V;\D;) X D,} is the minimum anti-vertex covering and which covered all strong arcs of
the anti-cartesian product Gaq X Gus.

Theorem 3.6: Let G5y = (Vy, E1) and G,, = (V,, E;) be two intuitionistic anti-fuzzy graphs with anti-vertex covering
D, and D,, respectively. The minimum anti-vertex covering of the anti-join Ga;+ G, is either V; U D, or D, U V.

Proof: Let G4; = (V4, Eq) and G, = (V,, E,) be two intuitionistic anti-fuzzy graphs with anti-vertex covering D, and
D,, respectively. The arc membership values in G, +G,oare of the form
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(|J~2 U |J.2’)(ll, V), if (ll, V) € El u EZ
max {H1(u), M1’(V)}, lf (ll, V) € E,

and the arc non-membership values in G,q+Gyzare of the form

(2 + 1N, v) = {

(y2U v, )(uv),if (u,v) €E; U E,
min {YI (u), Y1’(V)}; lf (ll, V) € E,

The strong arcs in G,; and G, are covered by D, and D,, respectively. Now we need to prove that the arcs of the form
(u,v), where u € V; and v € V, are covered by one of the vertex set V;, V.

Consider the arcs of the form (u, v), where u € V; and v € V, are strong arcs and which are incident with vertices in V;
and vertices in V, by the definition of G4;+G,,. Hence V; and V, both the sets covered all the arcs of the form (u, v),
where u € V; and v € V,. Thus the minimum anti-vertex covering of G,1+G,, is either the anti-union V; U D, or D; U
V,.

(2 + v2D(v) = {

Theorem 3.7: If G, = (V,E) is an IAFG with minimum anti-vertex cover D € V, then V \ D is an anti-independent set
of G,.

Proof: Let G4 = (V, E) be an IAFG with minimum anti-vertex cover D. By the definition of anti-vertex covering of IAFG,
evry strong arc in Gy is incident with at least one vertex of D. So each vertex vin V \ D is adjacent to at least one vertex
inD.

Suppose V \ D is not an anti-independent set in IAFG G,. Therefore u, viin V \ D is adjacent in G, and there exist a
strong arc between u and v. Here the strong arc (u,v) is not covered by any of the nodes in D. This is a contradiction to
V \ D is not an anti-independent set of G,. Since D is the minimum anti-vertex covering set of G,, there does not exist
any strong arc between two vertices of V \ D. Hence V \ D will be an anti-independent set of IAFG G, = (V, E).

Theorem 3.8: If G, = (V,E) is a complete IAFG, then the anti-vertex covering number, B(Gy) = 65(Gy), the
minimum neighbourhood degree of G,.

Proof: Let G, = (V, E) be a complete IAFG. To find the anti-vertex covering number, we can use the following process:
Let V= {vy, vy, Vg, oe .. , vV} be the vertex set of complete IAFG G,.

Let v, be the vertex having minimum degree in G,. Since G, is a complete IAFG, there exists strong arcs between v, and
other vertices of G,. These strong arcs are covered by v, and the sub graph induced by V \ {v,}isalso a complete IAFG,
denoted by G,4. Choose a vertex v, having minimum degree in G,4. Since G,4 is complete, there exist strong arcs between
v, and other vertices of G,;. These strong arcs are covered by v, and the sub graph induced by V \ {v;,v,}isalso a
complete IAFG, denoted by G,,. Continue this process till we get the vertex v,, having maximum degree in G,.

From this procedure, it is clear that all strong arcs are covered by the vertex set V \ {v,} and which will be the minimum
anti-vertex cover of G,. Since G, is a complete IAFG, V \ {v,} is the neighbourhood of vertex v,,.

So the anti-vertex covering number, B(G,) = |V \ {v,}|

= | Neighbourhood of vertex v, |
=|N(Cvy) |
= 8n(Ga)

Theorem 3.9: If the IAFG G, = (V,E) is complete and bipartite, then the anti-vertex covering number of G, is the
minimum of the cardinalities of the partition vertices of V in G,.

Proof: Let G, = (V, E) be a complete, bipartite IAFG. Suppose the vertex set V is partitioned into V; and V,. Since G, is
complete, each arc is a strong arc. Since G, is complete bipartite with vertex partitions as V; and V, , every strong arc has
one end vertex in V; and other end vertex in V,. So V; and V, will cover all the arcs of G,.

Thus, the anti-vertex covering number of G, = minimum of cardinalities of V; and V,.

That is, B(G,) = min{| V4|, | V,|}.

Theorem 3.10: In an IAFG G, = (V,E), if a vertex u € V satisfy dy(u) =Ay (G,), then u exist in the minimum anti-
vertex covering set.
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Proof: Let G4 = (V,E) be an IAFG with minimum anti-vertex covering D. Let u € V with neighbourhood degree equals
maximum neighbourhood degree of G,. That is, dy(u) =Ay (G,). Assume that u ¢ D, the minimum anti-vertex cover of
G,. Since dy(u) =Ay (G,), u has maximum neighbourhood degree in G, and there exist a strong arc uv in G, such that
v €D.

Since u has maximum neighbourhood degree in G,, dg, (u) < dg, (V).

Thus D is not a minimum anti-vertex cover of G, and which is a contradiction to the assumption that u € D. Sou € D is
the vertex having maximum neighbourhood degree in G, and a vertex in minimum anti-vertex cover of G,.

V. CONCLUSION

Anti-fuzziness has an indispensable role in the real world problems. In this paper, we defined and presented some
new parameters of intuitionistic anti-fuzzy graphs. The anti-vertex covering is defined and derived some theorems on anti-
vertex covering in terms of other intuitionistic anti-fuzzy graph parameters and operations. Intuitionistic anti-fuzzy graph
has distinct applications in the field of information technology, artificial intelligence, efficiency management etc. Further,
we proposed to extend the study of intuitionistic anti-fuzzy graphs on its new dimensions.

REFERENCES

[1]  Atanassov K.T., Intuitionistic fuzzy sets: theory and applications. Physica, New York, 1999.
[2] Kaufmann A., Introduction to the theory of fuzzy subsets, Vol.1, Academic press, New York, 1975.

[3] Mordeson J.N. and Nair P.S., Fuzzy Graphs and Fuzzy Hyper graphs, v. 46. Physica-Verlag, Heidelberg, New York
(2000).

[4] Muhammad Akram, Anti Fuzzy Structures on graphs, Middle East Journal of Scientific Research 11 (12), (2012)
1641 — 1648.

[5] Muthuraj R. and Sasireka A., On anti fuzzy graph, Advances in Fuzzy Mathematics, Vol.12(5) (2017), 1123 —
1135.

[6] Muthuraj, R., Sasireka, A., Some Characterization on Operations of Anti Fuzzy Graphs, International Conference
on Mathematical Impacts in Science and Technology, (MIST-17), November 2017, IJRASET, 109 — 117.

[7] Muthuraj R., Vijesh V. V. and Sujith S., Some peculiar dominations in intuitionisticanti-fuzzy graphs, Malaya
Journal of Matematik, VVol. 9, No. 1, 178-184, 2021.

[8] Muthuraj R., Vijesh V. V. and Sujith S., Split And Strong Split Dominations InIntuitionistic Anti-Fuzzy Graphs,
Solid State Technology, Volume 63, issue: 6, 20989 — 20999, 2020.

[91 Muthuraj R., Vijesh V. V. and Sujith S., Complementation and anti-complementation in intuitionistic anti fuzzy
graphs, Malaya Journal of Matematik, Vol. 7, No. 4, 883-891, 2019.

[10] Muthuraj R., Vijesh V. V. and Sujith S., Domination on intuitionistic anti fuzzy graphs, Advances in Mathematics:
Scientific Journal 8, ISSN 1857-8365 printed version and ISSN 1857-8438 electronic version (2019).

[11] Muthuraj R., Sujith S. and Vijesh V. V., Operations on intuitionistic anti fuzzy graphs, International Journal of
Recent Technology and Engineering (IJRTE),ISSN: 2277-3878, Vol.8, Issue 1C2, (2019), 1098 — 1103.

[12] Nagoor Gani A. and Begum S. S. Degree, order and size in intuitionistic fuzzy graphs, Int. J. Algorithms, Computing
and Mathematics, 3(3) (2010) 11 — 16.

[13] Nagoor Gani A. and Chandrasekaran V. T., Domination in Fuzzy Graph, Advances in Fuzzy Sets and Systems, 1
(1) (2006), 17-26.

[14] Parvathi R., Karunambigai M. G. and Atanassov K., operations on intuitionistic fuzzy graphs, Proceedings of IEEE
International Conference on Fuzzy Systems (FUZZ-IEEE), (2009) 1396 — 1401.

[15] Parvathi R. and Thamizhendhi G., Domination on intuitionistic fuzzy graphs, NIFS Vol.16, (2010), 2, 39 — 49.

212



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 2, 2022, p. 204-213
https://publishoa.com

ISSN: 1309-3452

[16] Rosenfeld A. “Fuzzy graphs,” in Fuzzy Sets and Their Applications, L. A. Zadeh, K. S. Fu, and M. Shimura, Eds.,
pp. 77-95, Academic Press, New York, NY, USA, 1975.

[17] Somasundaram A. and Somasundaram S., Domination in fuzzy graphs — I, Pattern Recognition Letters, 19, (1998),
787 —791.

[18] Vijesh, V. V., Muthuraj, R., Some Characteristics on Join of Intuitionistic Fuzzy Graphs, I0OSR Journal of
Mathematics (IOSR-JM), e-ISSN: 2278-5728, p-ISSN: 2319-765X, 23 — 31.

[19] Zadeh L. A, Fuzzy Sets, Information Sciences, 8 (1965) 338 — 353.

213



