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Abstract:

In this paper, we have established the domination number of cartesian product of two non-zero zero divisor graph.Also we studied
the bounds for domination of complement of a zero divisor graph.
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1. Introduction:

Let R be a Commutative ring with unit element and let Z(R) be its set of zero divisor.The zero divisor graph of R is denoted by
[F (Z(R))] and it is defined as for any two distinct vertices x and y are adjacent iff xy =0 for all x,y in Z(R)\{0}. All the graphs
considered here are simple, finite, connected and undirected graph.

The concept of the zero divisor graph was first introduced by 1.Beck in 1988 and further developed by D.D.Anderson and

M.Naseer.The aim of this paper is to study the domination number of Cartesian product of star zero divisor graph and its
complement graph.We have taken a non-zero zero divisor graph which has only compaosite number but not a prime number.lIt is

denoted by Z2p

2. Basic Definitions:

In this section, we discussed some basic definitions ,notations and its meanings

Definition 2.1: [2]

A field is a commutative ring where every non-zero element ‘a’ is invertible. That is, if R has a multiplication inverse
‘b’ such that ab = 1 therefore, by definition any field is a commutative ring.

Definition 2.2: [3]

A zero divisor of commutative ring R is hon-zero element ‘r’ such that,
rs = 1for some other non-zero element s of the ring. If the ring R is commutative, then rs =0 <= sr = 0.

Definition 2.3: [4]

In graph theory, the Cartesian productG, x G, of graphs G, and G, is a graph such that,
» The vertex set of G; X G, is the Cartesian product V(G,) X V(G,) and
> Any two vertices (u ,ul) and (v,v!) are adjacent in G; X G, if and only if either,

i. u=vandu! isadjacent with v* in G,.

ii. u'=v?! and u adjacent with v in G;.
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Example 2.1:

U1
° ®
Uq Uy
Gy G;

Vertex set of the Cartesian product of

Gy X Gy = {(ug, v1) (g, v3) (U, v3) (Up, v1) (Up, v2) (Uz, v3)}

(uyg,v1) (uz,v1)
(uy,v3) (uy, v5)

(uq,v3) (uz, v3)

G, X G,

Definition 2.5: [6]

Let G = (V, E) be a graph. Then a subset D of V (The vertex set of G) is said to be a Dominating set of G if for each v €
V either v € D or v is adjacent to some vertex in D.

Example 2.2:

U, o Ug

The dominating sets are,
o Dy ={usus}
o Dy ={uy,uy ue}
o D3 ={ugusuzl}
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Definition 2.6: [6]
The minimum cardinality of a minimal dominating set in G is called a domination number of G and is denoted by
¥ (6).
Example 2.3:
From example 2.2,

The set D = {v;, v5} is the minimum dominating set of G.
Therefore,y(G) = 2.

Definition 2.7: [7]

The dominating set D is called a perfect dominating set, if every vertex in D € V in adjacent to exactly one vertex
in D. The perfect domination number y,,,-(¢) is the minimum cardinality of a minimal perfect dominating set .

Definition 2.8: [7]

The connected dominating set D & V, in a connected graph G is a dominating set such that ( D ) is connected.

The minimum cardinality of a minimal connected dominating set is denotes by y.(G) and it is called the connected
domination number.

Example 2.4:
U, Us
°
ul U4,
Us Ug
The connected dominating set is D = {u,, us}
= ¥e(6) =2

Definition 2.9: [7]

The dominating set D C V of a graph G is called a global dominating set , if D is also a dominating of G.
The minimum cardinality of a minimal global dominating set is denoted by y,(G) and it is called the global domination number.

Definition 2.10: [3]
A dominating set D in which no two vertices are adjacent is called an independent dominating set of G. The induced
subgraph ( D ) is a null graph, if D is an independent dominating set.

The minimum cardinality of a minimal independent dominating set is called the independent domination number of G and it is
denoted by y;(G).

Example 2.5:

v
V4 2
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Independent dominating sets are,

* D; = {v,}
* D, = {v,}
* D; = {v3}
® Dy = {v4}

~yi(@) =1

Definition 2.11: [2]

(Beck) The zero divisor graph of a commutative ring R (with 1) is a simple graph whose set of vertices consists
of all element of the ring, with an edge defined between ‘a’ and ‘b’ if and only if ab = 0.

3. Example for a Zero Divisor Graph: Non-zero zero divisor graph which has only
composite number and do not have a prime number:

Example:3.1

F(Z4):{2} 2

Example:3.2

I(Zs)=1{234}

Example:3.3

I(z,)=136

Example:3.4

I(Z)=1{246]

Example:3.5

1(Z,)=1{2,4568} 4

6
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Example:3.6

1(z,)={23468910}

2 6
* 10
4
8
Example:3.7
I(z,)={246781012) /K
Example:3.8

1(z.)={35691012}
3’9

1(z,)=1{246.810,1214}

2
10
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Example:3.10

7)-! .

rz,.)=12,3,4,6891012141516

B 14 8
o o 4
| A
12 6 6
8
Example:3.11

1(Z,)=1{245,6.81012141516,18}

Example:3.12

1(Z,,)=1246810 ,1],12,14,16,12-20}
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Notations with their meanings:

) I (Z(G )) — Non-zero zero divisor graph.

{ r (Zz P (G )) — Star zero divisor graph,

where p is prime.

L4 ]/(F Zz p (G )) - Domination number of star zero
divisor Graph, where p is a prime number.
o I (Zz Py (G) X Zz P, (G )) — Cartesian product of two star zero
divisor graph, where p, and p, are prime numbers and p; < p,.
® 7/(F (Zz [ (G ) X Zz P, (G ))) — Domination number of Cartesian product of star zero divisor
Graphs ,wherep; and p, are prime numbers and p; < p,.
L4 F(Z(G )) — Complement of a non-zero zero divisor graph.

1 F(Zz p (G )) e Complement of a star zero divisor

Graph,where p is prime.

o V(F(Zz p (G ))) = Domination number of complement of a star zero divisor graph.
® F(Zz n (G )X Zz [ (G )) = Cartesian product of complement of star zero divisor graphs,

where p; and p,are prime numbers and p; < p,.

® V(F(Zz P, (G )X Zz D, (G ))) = Domination number of Cartesian product of complement of star
zero divisor graphs,where p; and p, are prime number,p; < p,.

® 7/U I (Zz o (G)X Zz P, (G )) — Universal Domination number of Cartesian product of star zero
divisor graphs.

o ?/GF(ZZ P (G)X Zz P, (G )) — Global Domination number of Cartesian product of star zero
divisor graphs.

4. Types of a Zero Divisor Graph [6]

There are several types of zero divisor graphs. In this paper, we discussed about some of them. Let p, q and r
represented three distinct primes then the following cases arise:

One prime 4.1

When drawing the Anderson and Livingston graph this is trivial because we eliminated the zero divisors 0 and 1 such
that these graphs have neither vertices nor edges.
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Two prime 4.2
Let this be represented by pg. There are two case:
a) p and g can be distinct.
b) P andq can be the same.
a)The distinct case
If p and g are distinct then the graph will be a complete bipartite graph.
Example:4.3

Whenp=2andq=3
then 1(Z 5.) = T(Z,) = {234}

4 2

The non-distinct case

If p and q take the same value ,then pg becomes p2.This will be a complete graph with p-1 vertices, every vertex will be
a multiple of p < p2.

Example:4.4
Nz, )=1(2,)={5101520}

10

15 20

Three primes:4.5
There are three types of prime numbers which are represented by p3, p%q, pqr.
Case (i) p® when pisa prime

In this case, the graph will be a complete bipartite graph with one side having one set of vertices that are multiples of
p? the other set of vertices being all remaining multiples of p.

Example:4.6

Mz, )=1z,)= {255,9,18,12,15,2],24}
18
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3 24 12 15 6 21

Case (ii) pgr when, p, g, and rare primesand p< g <r

Each grouping of terms is a group of factors that have to do with the multiples of p, not associated with g or r, then the
multiples of r associated with p or g and then the multiples of pg.

Example:4.7

(Z,..:)=T(Z,)=1{234568910121416,18,20,21,22,24,25,26,27,28 }

Case (iii)p?q when p and q are primes

The centre of this graph will be “”z—q)the vertices connected to @ will be multiples of pg these multiples will form a

complete bipartite graph with the multiple of p that are remaining connected to@will be all remaining multiples of g. The trail
vertices are rq where, r is relatively prime to g. The center node is p2.The gill vertices are multiples of pq.

Example:4.8

Tz, )=T(Z,)={2346891012141516 |

14

Th4four primes 4.9

15

This canbe represented in four different ways. p4,p3q,p6qr,p2q2.

The five primes 4.10
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This can be represented in three different ways that are p>, p*q, p3q2.

5. DOMINATION OF CARTESIAN PRODUCT OF A STAR ZERO DIVISOR
GRAPHS AND ITS COMPLEMENT

This section deals with domination of Cartesian product of two star zero divisor graph and its complement
graph and we studied the bounds for these graphs.

5.1 Preliminaries
Theorem : 5.1.1 [3]

If n = 2p where p is an odd prime, Then the non-zero zero divisor graph is a star graph and it is also called
complete bipartite graph ( Ky ,—, ).

Theorem :5.1.2 [3]

If n = 2p where p is an odd prime. Then the dominating number of star zero divisor graph is 1.

5.2 Domination Number of Cartesian Product Of the Star Zero Divisor Graph with
Illustrations:

Theorem: 5.2.1
if G, = F(Zzpl) and G, = F(Zzpz )are two star zerodivisor graphs. Let G = G, X G, be the Cartesian

product of star zero divisor graphs. Then the domination number of G is given by,
ii. y(G)=p,if p; <p,when p; and p, are odd primes.

Proof:
Let Gl = F(Z2p1 )and G2 = F(Zz D, )be two star zero divisor graphs.

And y(G,) = y(G,) = 1 by theorem 3.2.2,
Let G = G; X G,, when p; < p, and p, and p, are odd primes.
To find, the value of y(G; X G,):

Case (i):
Letp; =2 and p, = 3.
We have,

G= r(Zz(z) X Zy) ) =T(2,xZ,)=T(2,)xT(Z)

Since, V(G;) = { 2 }. The dominating set D, < V(G) and D; = {2}

Also, | V(Gy)| = 1.

V(G,) ={2,3,4 }. The dominating set D, of G, is D, = {3}

And | V(G,)| = 3.

Now, the vertex set of G is given by,

V(G) ={(2,2),(2,3),(2,4)} and its order is 3.

By the definition 2.2.5,

The set of pair of adjacent vertices in V; (G) = {((2,2)(2,3)), ((2,3)(2,4))}

The set of non-adjacent vertices in V,(G) = {(2,2), (2,4)}. ( by definition of Non-zero Zero divisor graph)
The dominating set of G is D = {(2,3)} forms a minimal dominating set with cardinality 1.
Hence y(G) = 1.

Case (ii):

Sub case (i):

When p; < p,. To find, the value of y(G, X G,). This can be proved by using induction hypothesis,
For p, =3 andp, =5
We have,
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G= F(Zz(s) x Zz(s)): F(Ze X ZlO) = F(ZG)X r(Zlo)

Since, V(G,) ={2,3,4}and D(G,) = {3}

|V(G)I =3 =p;
V(G,) ={2,4,56,8}and D(G,)={5}
|V(G)| =5=p,

The vertex set of G is given by
(2,2),(2,4),(2,5),(2,6),(2,8)

V(G) = {(3,2), (3,4),(3,5),(3,6), (3,8)} and its order is 15.
(4,2),(4,4), (4,5), (4,6),(4,8)

By the definition of Domination,

Any two vertices (u, v) (ie.,u =v={234}¢€ F(ZG)) and (ut,v?) <ie.,u1 =vl={24658}¢€ F(Zlo)) are adjacent in

F(Zs % Zlo) if and only if,

i. u=vin Zgand every odd integer u'adjacent with even integer v in Z,,.

ii. u'=wv'in Zyand every odd integer u adjacent with even integer v in Z .
The set of pair of adjacent vertices in G is given by,
( ((22)(2,5)) ... ... ((24)(2,5)) ... .. ((28)(2,5)) .. ... ]
((32)(3,5)) ... ... ((34)(3,5)) ... .. ((38)(3,5)) ...
(G = { ((4,2)(45)) ... (4,8)(4,5)) ... ((2,2)(3,2)) v oo }

t((2,8)(3,8)) oo (42)(3,2)) e (4,8)(3,8)) ... |
And |v,(G)| = 22
The set of pair of non-adjacent vertices in G is given by,
V2(G) =V (G) — V1 (G)
The dominating set of G is
D ={(23)(3,5)(4,5)}
(2,2)(2,4)(2,6)(2,8)
AndV —D =<(3,2)(3,4)(3,6)(3,8)
(4,2)(4,4)(4,6)(4,8)
Since every vertex of V-D is adjacent to at least one vertex of D.
Then D = {(2,3)(3,5)(4,5)} forms a minimal dominating set with cardinality 3.

Hence, 7(G) = V(F(Ze X Zyg )) = V(F(Ze ) X 1ﬁ(zlo ))

~y(@)=3=p
Sub case (ii):
When p; < p,,
Forp, =5 andp, =7

Let Gl :F(Zz(5)) and Gz =F(ZZ(7))

Let G = 1—‘(Zz(s) x Z2(7) ) = 1—‘(Zlo x Z14) = 1—‘(Zlo )>< F(Zm)

Since, V(G,) ={2,3,5,6,8 } and D(G,) = {5}
And | V(G| =5=p,
V(G,)={2,4,6,7,8,10,12 } and D(G,) ={ 7 }
And | V(G)| =7 =p,
The set of vertices in G is given by
((2,2),(2,4),(2,6),(2,8),(2,10)(2,12)\
(4,2),(4,4), (4,6), (4,8), (4,10)(4,12)
V(G) =+(5,2),(5,4),(5,6),(5,8),(5,10)(512) ; and its order is 35.
| (6,2),(6,4),(6,6),(6,8),(6,10)(6,12) |
(8,2),(8,4),(8,6),(8,8),(8,10)(8,12)
By the definition of Cartesian product ,

Any two vertices (u, V) (ie.,u =v={24568}€ F(Zlo)) and (ut,v?) (ie.,u1 =v!=1{24,6,7810,12} € F(Zl4)) are

adjacent in F(Zlo % 214) if and only if,
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i u=vin ZlO and every odd integer u'adjacent with even integer v'in Z,.

ii. u'=wv'in Z,,and every odd integer u adjacent with even integer vin Z ;.
=~ The set of all pair of adjacent vertices in G is given by,

((22)27)...(212)2,7) . ((4,2)(4,7)) ... ... ((4,12)(4,7))
...... ((52)5,7) v (5,12)(5,7)) .. ((6,2)(6,7)) |
(6 = { ...... ((6,12)(6,7)) ...((8,2)(8,7)) ......((8,12)(8,7)) ...... ((2,2)(5,2)) }
| ((212)(5,12)) ... .. ((4,2)(5,2)) ... .. ((82)(5,2)) |
...... ((6,2)(5,2)) ... ..((6,12)(5,12)) ... ..
The set of al pair of non-adjacent vertex in G is given by,V,(G) = V(G) — V1 (G)
The dominating set of D is given by,
D = {(2,7)(4,7)(5,7)(6,7)(8,7)} which is the minimum dominating set of V(G)
(2,2)(2,4)(2,6)(2,8)(2,10)(2,12)
(4,2)(4,4)(4,6)(4,8)(4,10)(4,12)
andV —D = { (5,2)(5,4)(5,6)(5,8)(5,10)(5,12) }
(6,2)(6,4)(6,6)(6,8)(6,10)(6,12)
\(8,2)(8,4)(8,6)(8.8)(8.10)(8,12))
By the definition of dominating set, D <V and every vertex of V-D is adjacent with at least one vertex of D.
Then D = {(2,7)(4,7)(5,7)(6,7)(8,7) }is a minimal dominating set with cardinality 5.

Hence, (G) =7 (F(Zlo XLy )) =7 (F(Zlo )X F(Zm ))

2 y(6) =5=p,
Proceedings in this way for order n,
we have

V(G| =py
[V (G,)| = p, when, p; < p,
The vertex set of Cartesian product of star zero divisor graph
( 22)(24).... 2,p1)
(4,2)(4,4) ...... (4 pz)
V(G) = {I
P12 (p1,4) . . (1, P2)
And [ V(G)| = p; X p;

The set of pair of vertices which are adjacent in G is given by,
((2:2): (2, P1)) ((2,p2 - 2), (2,p1)) ((P1 =2,2),(p1 — 24’1))
(G) = ((p1 =2,0,—2),(p1 = 2, P1)) ((2'2)' (P%; 2)) ((P1 = 2,2), (P11' 2))
((2' P2 —2),(pi,p2 — 2)) ((P1 —2,p, = 2)(pi,p2 — 2)) ------

Where, p} is domination number of r 22 n

|
)

The remaining vertices are the pairs of non-adjacent vertices in G.
By definition, The dominating set D of G = {(2, p1), (4, 1), - .. , (1, 02)}
Which forms a minimal dominating set with cardinality p;.

j/ezg): 7/(61 XGZ): 7(F(Zzp1 xZsp, ))
= 7(F(ZZp1 )>< F(ZZPZ ))
7(G): P,

Where p, and p, are odd prime, when p; < p,.
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Example:5.2.2
Consider 1(Z,)- non-zero zero divisor graph,

> Set of all vertices of F(Z4) is {2}

» Dominating set D is {2}
- Az ,

Star zero divisor graph of I°(Z,)

Consider I'(Z,)- non-zero zero divisor graph,
> Setof all vertices of T'(Z,, )is {2,3,4}

» Dominating set D is {3}

> )t 4

Star zero divisor graph of F(ZG)

(2,2) (2.4)

(2,3)
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Example:5.2.3
Let F(26 ) be the star zero divisor graph of order 3,

> Setofall vertices of F(Z6 ) is{2,3,4}
> Dominating set D is {3}

> 7/(F(ZG)):1

3

Star zero divisor graph of F(Ze )
Similarly,order of the star zero divisor of F(Zlo ) is5,

> Set of all vertices of F(Zlo ) is{2,4,5,6,8}
> Dominating set D is {5}

> 7(0(Zy))=1

8 2

6 4

Star zero divisor graph of F(Zlo)
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Consider the Cartesian product of star zero divisor graph I'(Z, x Z,,) whose vertex set
Is given by,
> Set of all vertices of F(26 xZ,,) is

(2,2),(2,4),(2,5)(2,6)(2,8)
(3,2)(3,4)(3,5)(3,6)(3,8)
(4,2)(4,4)(4,5)(4,6)(4,8)

» Dominating set D is {(2,5)(3,5)(4,5)}
> 7(F(Ze x Zlo)): 3

Cartesian product of star zero divisor graph of I'(Z, xZ,,)
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Example:3.3

Let F(Zlo) be the star zero divisor graph of order 5,

> setof all vertices of I'(Z,, ) is {2,4,5,6,8}
> Dominating set D is {5}

> 7/(r(zlo )) =1

8 2

6 4

Star zero divisor graph of T'(Z,,)

Similarly, order of the star zero divisor graph of F(ZM) is7,

> Set of all vertices of F(ZM) are {2,4,6,7,8,10,12}
> Dominating set is {7}

4 (F(Zm )) =1

12 2

10 o *4

g 6
Star zero divisor graph of lﬁ(Z14 )

(42)

Consider the Cartesian product of star zero divisor graph F(Zm X 214)whose vertex set is given by,
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> Set of all vertices of F(Zlo xZi4 ) is
((2,2),(24),(2,6)(2,7)(2,8)(2,10)(2,12)\
(4,2)(4,4)(4,6)(4,7)(4,8)(4,10) (4,12)
(5.2)(5,4)(5,6)(5,7)(5,8)(5,10)(5,12)
| (6,2)(6,4)(6,6)(6,7)(6,8)(6,10)(6,12) |
(8,2)(8,4)(8,6)(8,7)(8,8)(8,10)(8,12)

> Dominating set D is{(2,7)(4,7)(5,7)(6,7)(8,7)}

> V(F(Zlo X2y, )) =9
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(42)

Cartesian product of star zero divisor graph of 1(Z,,xZ,,)
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Example:3.4
Let F(ZM) be the star zero divisor graph of order 7,

> Set of all vertices of F(Zl4) are {2,4,6,7,8,10,12}
> Dominating set is {7}

>y (F(Zm )) =1

12 2

10 o/

8 6
Star zero divisor graph of 1—‘(214 )

Similarly, order of the star zero divisor graph of F(ZZZ) is 11,

> Setof all vertices of F(Z22 ) is {2,4,6,8,10,11,12,14,16,18,20}
> Dominating set D is {11}

> V(F(Zzz )) =1

18 20
16
2
14 » o4
12 6
10 8

Star zero divisor graph of F(Z - )
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Consider the Cartesian product of star zero divisor graph F(Z14 X 222 )whose set is given by,

> Set of all vertices of F(ZM X 222 ) is

( (2,2),(2,4), (2,6)(2,8)(2,10)(2,11)(2,12)(2,14)(2,16)(2,18)(2,20) \
(4,2), (4,4), (4,6)(4,8)(4,10)(4,11)(4,12)(4,14)(4,16)(4,18) (4,20)

l (6,2), (6,4), (6,6)(6,8)(6,10)(6,11)(6,12)(6,14)(6,16)(6,18)(6,20)
(8,2), (8,4), (8,6)(8,8)(8,10)(8,11)(8,12)(8,14)(8,16)(8,18)(8,20)

(7,2), (7,4), (7,6)(7,8)(7,10)(7,11)(7,12)(7,14)(7,16)(7,18)(7,20) |
\(10,2), (10,4), (10,6)(10,8)(10,10)(10,11)(10,12) (10,14)(10,16)(10,18)(10,20)/

> Dominating set D is{(2,11)(4,11)(7,11)(6,11)(8,11)(10,11)(12,11)}
> V(F(Zm XZ,, ))= 7

(2, 20) 2,4)

(10, 8)

(10, 10)

(10, 12) (10, 11)

Cartesian product of star zero divisor graph of T(Z,,xZ,,)
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6.Domination number of Complement Of Cartesian Product Of

the Star Zero Divisor Graph with Illustration

In this section we obtained the bounds for the domination of complement of Cartesian product of star zero divisor graphs

Theorem :6.1

If Gl:F(ZZpl) andGZZF(ngz)are the complement of star zerodivisor graphs. Let

G-= G, xG, be a complement of Cartesian product of star zero divisor graphs. Then the domination number G of is given
by,

4
7(6): 7/(H i ) where each H; is component of 6 ,Vi=1to4 and[ p; < p,] when p; and p, are primes.
Proof: .

Let (_31 = F(ZZDl ) and 62 = F(ng2 )be the complement of star zerodivisor graphs.

Let G = G, xG,

To find the domination of G , when p, < p, and p, and p, are odd primes.
This Can be proved by using induction hypothesis,

Case:1

For p, =3 and p, =5
We have,

G: = F(Z 2(3) ) and G2 = F(Z 2(5) )are the complement of star zerodivisor graphs of F(ZG )and F(Zlo )respectively

Each complement graph has 2 components say H; and H,,
Let V1(G_1): Vi(Hyp) U Vi(Hyp)
V1(Gy) = {42} U {3}
V,1(Gy) = (324}
and D(G,) = {2,3}
|y(61)| =3=p,
Let V2 (G,) = Vo (Hyq) U Vi(Hy)
V,(G,) = {2,4,6,8} U {5}
V,(G,) ={2,4,5,6,8}
And D(G,) = {5,8}
V(@] =5=p,
LetG = G, X G,
It has 4-components.
V(Gy x G,) =V (G) = V(Hy) UV(Hy) UV(H;) UV(H,)
Where H,, H,, H;, H, are component of G.

That i, V(@): iv (H,)

V(@) = {0 e et (), 250 U (G U 132, BHE6). 38)

(2.2),(24), (2,5), (2,6), (2,8),
v(e) =

(3,2),(3,4),(3,5),(3,6),(3,8)
(4,2),(4,4), (4,5), (4,6), (4,8)
[v(G)| = 15.
By definition of Cartesian product ,
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The set of all pair of non-adjacent vertices of G is given by,
v (F) = {((2,2), (2,5)),((4,5),(4,2)),((3,2),(3,5),((2,2), (3,2))}
1(G) =
(34),(24), ... ((4,2),(32)),((44), (3.4)), ... ...,
The set of all pair of adjacent vertices of (G),
v(@) = V(@) - ()
The dominating set of (G) is given by,
DI(HI) = {(218)1 (414)}
D,(H,) = {(4,5)}
D;(Hs) = {(3,5)}
D4(H4) ={(3B,6)}

D(G):QDi(Hi) o H=G

D(G) = {(2,8)(4,4)(4,5)(3,5)(3,6)}
By definition of dominating set,
Since D is a minimum dominating set with cardinality 5,

That is, 7(G)= 7<F(Z6 X Zlo)): 5
Case:2

For p, =5 and p, =7
We have,

G: = F(Z 2(5) ) andG2 = F(Z 2(7) )are the complement of star zerodivisor graphs of F(Zlo )and F(ZM )respectively
Each complement graph has 2 components say H,; and H,,
Let V1(Gy) = Vi (Hyy) U Vi(Hyz)
VI(GI) = {2!4’6;8} V) {5}
Vl (Gl) = { 2!4’5;6’8}
And D(G,) = {5,4}
y@D|=5=p,
Let V5 (G;) = Vo (Haq) U Vi(Haz)
V,(G,) = {2,4,6,8,10,12} U {7}
V,(G,) = {2,4,6,7,8,10,12 }
And D(G,) = {8,7}
|V(Gz)| =7=p;
LetG = G, X G,
It has 4-component.
V(Gy X G,) =V(G) =V(Hy) UV(Hy) UV(Hs) UV (H,)
Where, Hy, H,, Hs, H, are component of G.

That is, V(€)= iV (H,)

(2,2),(2,4),(2,6),(2,8),(2,10),(2,12)

V(E) _)4,2),(44),(4,6),(4,8),(4,10), (4,12)
~1(6,2),(6,4),(6,6), (6,8),(6,10), (6,12)
(8,2),(8,4),(8,6),(8,8),(8,10),(8,12)
u{5,7)}u{(52),(54),(5,6),(5,8),(510),(5,12)}

((2.2),(2,4),(2,6),(2,7),(2.8), (2,10), (2,12)
(4,2), (4,4), (4,6),(4,7),(4,8), (4,10), (4,12)
V(G) =4(52),(54),(56),(57),(58),(510),(5,12)
| (6,2), (6,4),(6,6),(6,7),(6,8),(6,10),(6,12) |
k(8,2), (8,4),(8,6),(8,7),(8,8),(8,10), (8,12))
v(G)| = 35.
By definition of Cartesian product,

v {(4.7),(2,7),(6,7),(8,7)}
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The set of all pairs of non-adjacent vertices of G is given by,

((22), 27)((24),27) ... ..((212),(2,7)) ... ... ((4,2)(4,7)), .. ..
((52),(57) ... ((6,2),(6,7) ...... ((82),(87) ...
((52),(2,2),((54),(2,4)) ... .. ((512),(2,12)) .. ..

...... ((52),(4,2),((54),(4,4) ... ..((5,12), (4,12)) ......((5,2),(6,2))
...... ((5,12),(6,12)) .....((5,2),(8,2)) ... ...((5,12), (8,12))
...... ((57),@2,7D),((5,7),4N),((57),6,7),((57),(8,7))

V,(G) =

~~

The set of all pairs of adjacent vertices of (G),
V2(6) =v(6) - vu(G)

The dominating sets of (G )are given by,

D, (H,) = {(4.,6),(2,6),(6,6), (8,6)}

D;y(Hp) ={(4,7)}

Ds;(H3) ={(5,7)}

D4(H,) = {(5,6)}

4
D(H)= U D,(H, )where, H = ¢
i=1
D(H) = {(4,6),(2,6), (5,6), (6,6), (8,6), (4,7), (5,7)}

By definition of dominating set
D is the minimum dominating set with cardinality 7,

That s, 7((_3)= 7/(r(zlo . Z14))= 7.

Similarly proceeding in this way for order n,

G, = 1“(Zzpl )and G, = r(Zzlo2 )
V(G:|= pana v6.) = b,

ence V' (G, x G, )= (G, | xV (G, | = p.x .

and the domination of G is given by,
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— 4 —
7/(G): Z 7(H i ) where each H; is component of G vi=1to4 and( p; < p,) when p; and p, are odd primes.
i=1

Example:6.2

Let F(Zlo )be the complement of star zero divisor graph of order 5,

> Set of all vertices of F(Zlo )is {2,4,5,6,8}

> Dominating set D is {5,2}

- 2r(zo))=2

o
°
0]

2 4

Complement of star zero divisor graph of F(Zlo )

Similarly, order of complement of star zero divisor graph F(ZM)iS 7,

> Setof all vertices of l—‘(Z14 ) is {2,4,6,7,8,10,12}
> Dominating set D is {7,2}

> /(r(z,:)=2

12 g 2

10 4

Complement of star zero divisor graph of l—‘(Z14 )

Consider the Cartesian product of complement of star zero divisor graph F(Zlo X2, )whose vertex set is given by,

> Setof all vertices of F(Zlo x Zl4) is
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(((2,2)2,4) (2,6)(2,7)(2,8) (2,10)(212)]

(4,2)(4,4)(4,6)(4,7)(4,8)(4,10) (4,12)
{ (5,2)(5,4)(5,6)(5,7)(5,8)(5,10)(5,12) }

l (6,2)(6,4)(6,6)(6,7)(6,8)(6,10)(6,12) J
(8,2)(8,4)(8,6)(8,7)(8,8)(8,10)(8,12)

> Dominating set D is{(2,2)(4,2)(4,7)(5,2)(5,7)(8,2)(6,2)}

- Ar(Zoxz)=7
> 7y (F(Zlo le4))= V(G)-i- 7/(6)2 54+7=12
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(5,2) (4,2)

", 1\ /’
Y -
K77
b,
Y Gareea\Y)

Z

Cartesian product of complement of star zero divisor Graph of F(Zlo x 214)

7.APPLICATION OF DOMINATION OF A ZERO DIVISOR GRAPH IN WI-FI SIGNALS

This Section deals with a real life application on domination of zero divisor graph in Wireless Fidelity (Wi-Fi)
signals.
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Domination of A Zero Divisor Graph in Wi-Fi signals

St. Joseph’s College Of Arts and Science (Autonomous) has 5 blocks namely Venmani block, Durier block, Terbes
block, Convention hall block, and Administrative block. An administrative block runs all maintenance, office work, Controller of
Examination, and etc. Each block contains many classes, departments, and labs. Administrative block has main Wi-Fi connection
in its own. In this administrative block, the main Wi-Fi connection server is available which serves the Wi-Fi signal connection to
each blocks simultaneously but the range varies from strong to weak for the blocks because of the distance between main server
and block. In this paper, we discussed about the application of zero — divisor graph and its domination.

We have given a better solution for this fluctuating signal connections running in the college blocks for getting
good range full strength connection of Wi-Fi to each block in the college campus. Through this project, we described how to give
the good signal strength to all of the blocks near-by using main Wi-Fi Dongle and Local Area Network (LAN) cables. We can
supply good Wi-Fi connection to each block through LAN cables and Wi-Fi Router (W.R).

In Venmani block, we can choose department of ‘Mathematics’. In Terbes block, we can choose ‘English’ department. In
Convention Hall block, we can choose ‘Computer Science’ department. In Durier block, we can choose ‘Tamil’ department,
respectively.

All of the 4 blocks have their one chosen department. In this department, we fix the sub Wi-Fi Router for better signal
transportation. So, the signal will pass from main server to the sub Wi-Fi Router in each block. From that sub Wi-Fi Router, other
departments in that block will have their connections properly, so that every students and staffs of the St. Joseph’s College will
get their proper good Wi-Fi signal connection for their study purpose. The purpose of the sub Wi-Fi Router connection is to
provide good range of Wi-Fi connection to all the classes and departments in blocks. If we want to cut the signal of only one
block in college, we can pull off the sub Wi-Fi Router in that block, so that other blocks will receive their connection properly.
The graphical representation of Wireless network of St. Joseph’s College has a star zero divisor graph. With the help of Star Zero
Divisor Graph and its Domination, we can get proper and good range of the Wi-Fi connection in the whole college campus.

Based on star zero divisor graph 1“(Z10 ) Wi-Fi Router gives proper signal to their adjacent blocks. The graphical representation

of a Wireless network described the star zero divisor graph. It has 5 vertices, each vertex represents one block. Since the
administrative block is adjacent to every other blocks namely Venmani block, Durier block, Convention Hall block, and Terbes
block, Wi-Fi router produces the proper Wi-Fi signal to the specified department. Also administrative block dominates all the 4
blocks and its domination number is one.
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Wireless Network of St. Joseph’s College DURIER BLOCK

CONVENTION

HALL BLOCK
MATHS

DEPARTMENT

w (€)

NV
DEPARTMENT

COMPUTER SCIENCE

ENGLISH
ADEPARTMENT

A

ADMINISTRATIVE BLOCK

Wireless Local Area Network (WLAN)of St. Joseph’s College
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Graphical Representation of Wireless Network

CONVENT

IOI“LL
B K

DURIER
B‘K

ADMINIST
RATIVE
BLOCK

VENMANI
S

MATHS

TERBES
B‘K

Star Zero Divisor Graph of F(Z 10 )
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8. CONCLUSION

In this paper, we have briefly discussed about the domination of Cartesian product of two star zero divisor
graph and established bounds for its complement . Further we discussed an application of domination in wi-fi networks and we
have found that the dominating phase of Wi-Fi connection of places and good range of Wi-Fi signal connection to everywhere in
the college. This work can be extended to various types of Cartesian product of zero divisor graph.
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