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Abstract

In this paper, we introduce the concept of average total domination on
a Pythagorean anti fuzzy graph and determine the exact value of
average total domination number of some standard Pythagorean anti
fuzzy graphs.

1. Introduction

The study of dominating set in graphs was begun by Ore and Berge.
Rosenfeld introduced the notion of fuzzy graph in 1975. In fuzzy graph,
we attain only minimum value among objects. Sometimes, we need to attain
maximum values. In such cases, the problem is constructed as anti fuzzy
graph model. In 2016, the concept of anti fuzzy graph was introduced
by Seethalakshmi and Gnanajothi [5]. Later, Muthuraj and Sasirekha
[4] extended this concept and also introduced the idea of domination on
anti fuzzy graph in 2018. Maheswari et al. [1] defined the notion of a
Pythagorean anti fuzzy graph model. In this paper, we introduce the concept
of average total domination on a Pythagorean anti fuzzy graph with suitable
example. We determine the exact value of average total domination number
on some standard Pythagorean anti fuzzy graph. Further, its properties are

investigated.

2. Preliminaries

Definition 2.1 [5]. An anti fuzzy graph A = (0, W) is a pair of functions
0:V - [0,1] and p:VxV - [0,1] with p(a, &) = o(a) Do(b) for all
a, b in V, where V is a finite nonempty set and L denotes maximum.

Definition 2.2 [5]. An anti fuzzy graph A = (0, 4) is said to be
complete if the underlying graph A" is complete and p(z, §) = o(z) O ()
for all (a, £) in E.

Definition 2.3 [1]. A Pythagorean anti fuzzy set on a universe X is

an object of the form P ={(a, Up(a), vp(a))/a O X}, where Pp : X - [0, 1]
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and Vp : X — [0, 1] represent the membership and non-membership grade of
o and satisfies the condition 0 < Uﬂ% (a) + Vg%(n) <1 forall « OY.

Definition 2.4 [1]. A Pythagorean anti fuzzy set on X X X is said to be a

Pythagorean anti fuzzy relation on X, denoted by

Q ={(ab, pg(ab), v (ab))/ab T x x X},
where Hg 1 XXX - [0,1] and Vg i XXX - [0,1] represent the membership
and non-membership grade of Q and satisfies the condition 0 < ué (ab) +
vi (@) <1 forall a, b Ox.

Definition 2.5 [1]. A Pythagorean anti fuzzy graph on a nonempty set X

is a pair A™ = (P, Q) with P a Pythagorean anti fuzzy set on X and Q a

Pythagorean anti fuzzy relation on X such that
Ho(#) 2 pp(a) Oup(6)
and
Vo(h) < vp(a) Ovyp(h)

for all a, 6 O X, where Pg:X*X — [0,1] and vg:X*X - [0,1] represent

the membership and non-membership grade of Q, respectively.

3. Main Results

Definition 3.1. Let A™ be a Pythagorean anti fuzzy graph. The minimal

dominating set of A™ that contains the vertex 4 and the subgraph induced

by D has no isolated vertices is called the lower total dominating set. Among

all lower total dominating sets in A[D, the maximum Pythagorean fuzzy

cardinality is called the lower total domination number on a Pythagorean

anti fuzzy graph. It is denoted by Y,,(A™). The dominating set of y,,(A™)
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is the Y, -set of a Pythagorean anti fuzzy graph. The Yy, -set is denoted by
D

at*

Definition 3.2. The average total domination number on a Pythagorean

za,l]V ynt (‘A[[)

anti fuzzy graph is defined as V]

, where y,, (AD]) is the lower

total domination number. It is denoted by Y, (AD])

Example 3.3.

a(0.7.0.4)

5(0.6.0.2)

(0.7.03)

0.6.0..2)

d(0.5.0.3)

¢(0.5,0.6)

Figure 1. Pythagorean anti fuzzy graph.

Table 1. Lower total domination number on a Pythagorean anti fuzzy graph

2 0v(AD Yar -set v (AT
{a, d} 1.25
b {b, d} 1.30
c {c. b} 1.15
d {d, b} 1.30

Vaur(AT) = 2w Var(A™) 1054134115 +13
Agt - -

V] 1 =1.25.

Theorem 3.4. If AT is the Pythagorean anti fuzzy path with equal
Pythagorean fuzzy vertex and edge cardinality, then
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yAg (‘AED) =

where m 21, |V | = n.

(sz—m—1)|@|
for n =4m -1,
V]
(4mn + n)|a| _
T f0rn—4m,
2
(8m” +7m +2)|a| form=dm+1,
V]
2(m|4‘-/1|)| | for n =4m + 2,

25

Proof. Let A™ be the Pythagorean anti fuzzy path with equal

Pythagorean fuzzy vertex and edge cardinality and the vertex set be

{ﬂl, an, ..

.» a,}. Then a; is adjacent to a, and a,_; is adjacent to a,,. a; is

adjacent to «;_; and a;41, 2 <i < n—1. Itis obvious that 4; dominates a,

and a,,_; dominates a,. «; is dominated by 4;_; and a;4;,2<i<n-1.

Let D, be the Pythagorean anti fuzzy lower total dominating set.

Case 1.For n =4m -1

The set va D,; having Pythagorean fuzzy cardinality 2m|a| in 3m

times and (2m +1)|a| in m =1 times.

Therefore,

> VAT = [(2m) (3m) + (2m + 1) (= 1) o

=[6m2+2m2—2m+m—l]|a|

=[8m2—m—l]|n|.

_ 8m® —m—1)|a|

Hence, Y44 (A™) =

V]
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Case 2. For n = 4m

The set va D,; having Pythagorean fuzzy cardinality (2m +1)| 4| in

% times and (2m)| 4| in % times.

Therefore,

oy ValAT) = | @)+ 2m) 1o

[ 2mn+n+2mn
- [Zm+ o 2o

_[4mn +n
o)

_ (4mn+n)|al
Hence, yAgt(A[D) =
Case3.For n = 4m +1

The set va D,; having Pythagorean fuzzy cardinality (2m +2)| 4| in

m +1 times and (2m +1)| a| in 3m times.

Therefore,
> ValAT) = 2+ 1)+ 1)+ 2+ 1) )] o
= [2(m + 1) + 6m* + 3m]| a |
= [8m? +Tm +2]|a|.

_ (8m? +7m+2)|¢|
V]

Hence, V44 (A) =

Cased.Forn =4m + 2

The set Z oy Dur has Pythagorean fuzzy cardinality [a| in 2m +2

times.
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Therefore,
E DVym(.A[D) = (2m + 2)| n| = 2(m + 1)|¢|.
a

2(m+1)|a
Hence, yAgt(AED) = %

Theorem 3.5. If AH = (P, Q) is a complete Pythagorean anti fuzzy

Z?=1(|“i|+|”“j )

Vi

, Where a ; is the vertex of

graph K, then yAgt(Kn) = j

maximum Pythagorean fuzzy cardinality among all vertices other than a;,

i=12, .., n

Proof. Let K, be the complete Pythagorean anti fuzzy graph and the
vertex set be {ay, a5, ..., 4,,_1, 4,}. Then by the definition of complete
Pythagorean anti fuzzy complete graph, each 4; dominates all other

Pythagorean fuzzy vertices, i =1, 2, ..., n.

Let D, be the Pythagorean anti fuzzy lower total dominating set. Then,

D,; ={a;, a;}, where 4 is the vertex of maximum Pythagorean fuzzy

cardinality among all vertices other than «;, i =1, 2, ..., n.

Therefore,
Yo, =lar[+max{laz ] [a3], ... [, [}
Yo, =lag [+ max{|a| [az] . [a, ...
Yo, =lan |+ max{a],[az ] |2 [},

Doy ValAD) = vy Hygy + ety

=lay [+ max{az | a3 ], .. | [}

*lag [+ max{|a ] [az ) .. e, |}
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*ootlay [ rmaxd e ] fap | [ |

n
= zi:1(| ai | *+[aj ),

where 4 ; is the vertex of maximum Pythagorean fuzzy cardinality among all

vertices other than 4;, i =1, 2, ..., n. Hence,

Z?:l(|“i|+|”“j )

yAgt(Kn) = V]

Corollary 3.6. Let A™ be the complete Pythagorean anti fuzzy graph
with equal Pythagorean fuzzy vertex and edge cardinality. Then Y4, (AD])

- 22?:1| ﬂ/l. |

V]

ai|+|a;)
V] '

n
Proof. By previous theorem, Y 4, (AD]) = zi =1 (

Since A™ is the complete Pythagorean anti fuzzy graph with equal
Pythagorean fuzzy vertex and edge cardinality,

(AT = Z?:IG ai[*]a]) 22?:1|”“i|'

V] - (v

Ya gt

Theorem 3.7. For any Pythagorean anti fuzzy graph AED, Yagr (AED)

< 22:1:1| ﬂ/i |
= —3 .

Proof. Let A™ be the Pythagorean anti fuzzy graph and the vertex set

22:1:l| “’l- |

be {a;, a5, ..., a,,}. Clearly, yt(A[D) < 3

Let vy, (AED) be the Pythagorean anti fuzzy total dominating number.
Then



Hence

(1]

(2]

(3]

(4]

(5]

(6]

(7]
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2> Jai
™y s 2]
n n
2) el 2) el
yuzt(‘AED) < %’ ey ynnt(‘AED) < #’

2) el
3 vala = 2zl
22:1:1|“i|
3

VAgt(-A[D) s — V] =

n
- 221:1| a/i |
3 .
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