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Abstract For any graph G, "The out degree of u with
respect to a dominating set D is denoted and defined as
odp(u) = IN(U) n (V—D)|". The subset D of V is referred
to be a dominating set and the induced sub graph <D>
doesn’t contain any isolated vertices. The total domination
number is determined by the number of vertices of the
minimal dominating set, which is denoted by y,(G). Based
on the above concept of out degree and total dominating set,
we introduce a new domination called total 2 - out degree
equitable domination (2 - ODED) number. A set D of V is
referred to be total 2 — ODED set if D is a dominating set
and induced sub graph <D> that contains no isolated
vertices also has the property |odp(w) —odp(W)| < 2
where odp(u) = [N(w) n (V — D)| for any two vertices
u,w € D. The minimum number of vertices of such
dominating set is known as total 2 - ODED number. This
paper is to investigate the proposed domination number for
some general graphs like complete graph, star graph, path
graph, cycle graph, double fan graph, bi star, fan graph,
helm graph, crown graph, and triangular snake graph
which are explained with examples. Finally, we discuss the
application of total 2 — out degree equitable domination (2
— ODED) number in real life.

Keywords 2 - Out Degree Domination Number,
Isolated Vertices, Dominating Set, Equitable Domination
Number, Total 2 - Out Degree Domination, Helm Graph

1. Introduction

In this paper, we used the undirected and simple graphs
[1]. A graph G = (V, E), contains a set of vertices VV and a
set of edges E. Here, p and g represent the cardinality of
vertices and edges of a graph. The degree of any vertex u
indicates the number of edges that are incident on a vertex,
and it is represented by the symbol deg(u). u is referred to
as an isolated vertex if deg(u) = 0.

Ore [2] and C. Berge [3] were the first to propose the
notion of domination number. A subset D of V is called the
dominating set of G if every vertex of V — D is dominated
by at least one vertex of D. A domination number is the
number of vertices minimal dominating set, represented by
y(G). Ali Sahal and V. Mathad [4] introduced the 2 - out
degree equitable domination number. For any two vertices
u,w €D such that |odp(u)—odp(w)| <2 where
odp(uw) = |N() n (V — D)|, then a dominating set D is
referred as a 2 - ODED set. The term "2 - out degree
equitable domination number" refers to the cardinality
minimum 2 - ODED set, denoted by y,,.(G). Based on the
aforesaid domination number, Mahesh M.S, et al. [5,6,7,8]
propose some new domination numbers. The notion of
total domination number is proposed by Cokayne et al. [9].
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The subset D of V is referred to be a total dominating set
if D is a dominating set and the induced subgraph <D>
doesn't contain any isolated vertices. The total domination
number is determined by the number of vertices of the
minimal total dominating set, which is denoted by y.(G).
Here we introduce a new domination parameter called total
2 - out degree equitable domination (ODED) number.

2. Total 2 - Out Degree Equitable
Domination Number

2.1. Definition

A subset D of V is referred to be total 2— ODED set if D
is a dominating set and the induced sub graph <D >
containing no isolated vertices also has the
property |odp(u) —odp(w)| <2 where odp(u) =
I[IN(w) n (V —D)| for any two vertices u,w € D. The
minimum number of vertices of such dominating set is
known as total 2 - ODED number is represented
aS Vi20e(G). The minimum total 2 - ODED set is called

Yt20e — Set.

2.2. Example
Consider the graph in Figure 1.

Figure 1. Example

“Let us consider

D={v,v,, vs} and V —D = {v3,v,,v,,v,}

odp(vy) = [N(vy) N (V — D)
= [{v2, vs} N {v3, 1, 06,07} = 8] = 0

odp(vy) = [N(v2) N (V —D)|

= vy, v3,v7} N {vs, vs, v6, 73 = {vs, v7} = 2
odp(vs) = |[N(vs) N (V —D)|

= [{v1, v, V6} N {3, V4, V6, V73| = [{v, v6}| = 2

Thenany u,w € D, |odp(u) —odp(w)| < 2
Now D = {v,,v,, vs} form 2 - ODED set of G and the

induced subgraph <D> has no vertices of degree zero. So D
is the minimum total 2 — ODED.
Thus Y206 (G) = 3.

3. Total 2 - ODED Number in Some
General Graphs

For various general graphs, we calculate the above
defined domination number.

3.1. Theorem

For any complete graph K, ¥¢20e (Kp) = 2.

Proof.

Consider D ={u, w} G is complete, for all vertices u €
D,N @)=V —{u}.

Hence odp(uw)=IN(u) n(V—-D)| =p—2.

For any two vertices u, w € D, odp(u) =p—2,
odp(w) =p—2.

Hence |odp(u) —odp(w)| =0<2 and D formsa?2 -
ODED set.

Since G is complete, D = {u, w} has no isolated vertices.
Then D is @ ¥ize— set and 2 < ¥p0e(Kp) |
VtZoe(Kp) < 2

Hence ytZOe(Kp) =2.

3.2. Example

For a complete Graph K, as shown in Figure 2.

Figure 2. Complete Graph K,

“Let us consider
D={v,vy} and V=D = {vs,v,, Vs, v}
Now odp(vy) = |[N(vy) N (V —D)|



30 Total 2 - Out Degree Equitable Domination Number for Distinct Graphs

=2, v3, V4, V5, 6} N {3, 04, V6, V7 }
= |v3, U, V6, V7| = 4
odp(vz) = IN(v2) N (V - D)|
=|{v1, v3,v4, V5, 06} N {3, 04, V6, V73
= |v3, Vs, V6, V7| = 4
Now
lodp(v1) — 0dp(v2)| = 0 < 2.
Then D = {v;,v,} form 2 — ODED set of G and there
are no vertices of degree zero in the induced subgraph.
Hence D is total 2 - ODED set with minimum

cardinality.
ThUS V420 (G) = 27

3.3. Theorem

Forastar graph K p, Yez0e(Kip) =0 — 2.

Proof.

Let the set of
{u,wy,wy,ws,...., Wp}.

Consider the set D ={u,w;,wy,w;,...... ,Wp_2} and
V —D={wp_1,wp}.

By the definition of star graph K; ,, forany w; € D,

Nw;) =ufori=12,.... ,p and

N(w;) n(V — D) = @.

Then odp(w;) =|N(w;) Nn(V —D)| =0.

Now N (u) ={w;,wy,ws,...... ,wp} and V—-D C
N(w).

ThenN(u) n(V —D) =V —D.

Therefore odp(w)= |[N(u) N(V—-D)|=|V—-D| =2
and forany u,w € D,|odp(w;) —odp(u)| =2 < 2.

HenceDisa y;,,. — set and its induced subgraph has
no isolated vertices.

Thus Yt20e (Kl,p) =p — 2.

vertices in

3.4. Example

For a star graph K g, as shown in Figure 3.

“Let us consider

D = {u,v,v,,V3,04,Vs,06} and V — D = {v,,vg}
Now

odp(u) = [N(u) n (V - D)|
=|{v1, V2, V3, V4, Vs, V6, V7, Vg, } N {7, Vg}|
= lv;,vgl = 2
odp(v,) = N(w) N (V —D)|
=[{u} n{v,,ve}l = 0] =0
odp(v;) = [N(v;) N (V = D)|
={uyn{vs,vg}l =101=0
odp(v3) = [N(vy) N (V —D)|
=l{u} n{vs, v}l = 18] = 0
odp(v,) = [N(w) N (V —D)|
=[{u} n{v;,vg}l =0l = 0
Now |odp(u) — odp(v;)| =2 < 2 and
lodp (v;) — odp(vy)| = 2 < 2.
Then D = {y, VU, V3V, Vs, ve} form 2 — ODED set

of G and there are no vertices of degree zero in the
induced subgraph. Hence D is total 2 - ODED set with
minimum cardinality.

Thus VtZOe(G) =7

Figure 3.

Star graph K g
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3.5. Theorem 3.7. Theorem
For each Path B, For any Cycle C,,
g if p=0(mod4) [gj if p % 2(mod4)
VtZoe(Pp) =3\ip VtZOe(Pp) =) p+2
IEJ + 1 otherwise . otherwise
Proof. Proof.
Case 1 Let D be a minimum dominating set such that the
If p = 0(mod4) induced subgraph <D> contains no isolated vertices, and
D = {Wans2, Wanys/ n=0,1,2...} and V — D all the  every cycle within this subgraph is a 2-regular graph. Then
remaining vertices in D the out degree of any vertices in D is 0 or 1.
Clearly, D is a minimum dominating set and induced Forany u,w € D, |odp(w) — odp(w)| < 2.
subgraph <D> has no isolated vertices and any vertex in D Hence D is ¥p0, — Set

has an out degree of 1.

Hence each total dominating setisa yi, — Set. yme(cp) - ]/f(CP)

_ _p
Therefore yiz0e(P,) = ve(Py) =3 EJ if p % 2(mod4)
Case 2 = 42
Otherwise, all the total dominating setisa y;,,. — set p 3 otherwise

Hence Vtzoe(Pp) = EJ +1

3.8. Example

3.6. Example -
For a cycle Cg, as shown in Figure 5

For a path Pg, as shown in Figure 4 “Let us consider
D= {v,,v;,vs5,v6} and V—D = {v;,1,}

Figure 4. Path Pg

“Let us consider
D= {v,,v;3,v6,v,} and V —D = {v,v,,vs, vg}
Now
odp(v,) = [N(vy) N (V —D)|

={vy, vz} N {vy, vy, 05,08 = {3 =1

odp(v3) = |N(v3) N (V — D)| Figure 5. Cycle Cg
=[{vy, va} N {vy, va, vs, ve}l = [{va}l = 1 Now
odp(ve) = [N(ve) N (V — D)| odp(v,) = |N(v,) N (V — D)|
=l{vs, v7} 0 {1, v, V5, g} = {vs}| = 1 = {v, v} 0 vyl = )] =1
odp(v;) = IN(v;) n (V = D) odp(v3) = [N(v;) N (V = D)
=|{ve, vg} N {v1, V4, V5, V6} = [{ve}| = 1 = {vy, vl n {v, v} =l{n}l=1
Now odp(vs) = [N(vs) N (V = D)
lodp (1) — odp (v =0 < 2. = {vpvedn {vy, v}l = [{ma}l =1
Then D = {v,, v;,vq, v,} form 2 — ODED set of G and odp(vg) = |N(vg) N (V — D)|
there are no vertices of degree zero in the induced subgraph.
So D is total 2 - ODED set with minimum cardinality. = [{vs, v} 0wy, vadl = {vi}l = 1

Thus Yip0e(Pg) = 47 Now
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lodp (v;) — odp(vy)| =0 < 2.
Then D = {v,, v3, v, v,} form 2 — ODED set of G and

there are no vertices of degree zero in the induced subgraph.

Hence D is total 2 - ODED set with minimum cardinality.
Thus YtZOE(Cﬁ) =47

3.9. Theorem
For any double fan graph

ytZOe(DZ(Fl,n)) =2n-1

Proof.

Consider

D= {uv Uy, Up, Uz vy Up—1, Uny1) Uny2, Unys ---'u2n—1}
and V — D = {uy,, uy,}.

Clearly the induced subgraph < D > has no isolated
vertices.

Here odp(u) =2, odp(uy,_1) =1,0dp(v,_1) =1,
odp(u;) =0 for i=123..n—2 and odp(v;) =0
fori=1,23..n—2.

So, forany u,w € D, |odp(u) — odp(w)| < 2.

Hence D is a y:,. — set and induced subgraph <
D > has no isolated vertices.

Therefore ¥;p0e(D2(Fip)) = 2n — 1.

3.10. Example

For a Double Fan D,(F, ,), as shown in Figure 6

Figure 6. Double Fan D,(F;4)

“Let us consider
D = {u,vy,v,,V3,Vs,V6,V7} and V — D = {v,, vg}

Now

odp(u) = [N(u) n (V - D)|

= |{vy,v2, V3, V4, Vs, V6, V7, Vg} N {v4, v}
= [{va,vg}| =2
odp(vy) = [N(v,) N (V - D)|
= {wv}n {vs,ve}l = 10| =0
odp(v) = [N(vy) N (V — D)
= [{w, vy, vs}n {va, v}l =10 =0
odp(v3) = [N(v3) N (V — D)
= {w vy, val 0 {vyvgdl = [{va}l = 1
odp(vs) = [N(vs) N (V — D)|
= {w,ve}n {vs, v}l = 10| =0
odp(ve) = [N(ve) N (V — D)|
= [{w,vs,v;} N {va,ve} = 0] =0
odp(v7) = [N(v7) N (V —D)|
= [{w,v6,ve} N {v4, vs}l = {vg}l = 1

Now

lodp (v;) — odp(v)| =0 < 2.
Then D = {u, vy, v, v3, Vs, g, v;} form 2 — ODED set

of G and there are no vertices of degree zero in the

induced subgraph. Hence D is total 2 - ODED set with
minimum cardinality.

ThUS Yi20e(Da(Fra)) =77

3.11. Theorem
For any bistar ;50 (B2,) = 2

Proof.

Let V ={u,v,u,v;},1<i<n where u;v; are
pendant vertices, u and v are support vertices.

Let wus take D ={uv} and
{ug, Uy, Ug oon, Uy, V1, Uy, V3 o, Uy

Clearly the induced subgraph < D > has no isolated
vertices.

Here odp(w) = 2nand |odp(w) — odp(v)] < 2.

Hence D is a ¥;30 — set and induced subgraph <
D > has no vertices of degree zero.

Therefore y;200(B2,) = 2

V-D=

3.12. Example

For a bistar BZ,, as shown in Figure 7.
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Then odp(w)=|N(u) n(V —D)|=tand

Nw) n(V-=D) = {w,w,;,ws,.......,w,} and
odp(W)=|N(w) n(V—-D)|=r.

Hence |odp(w) —odp(W)| =|r—t| <2

Therefore D ={u, W} iS ¥iz0. — set

Hence ¥izoe(Sre) = 2 if Ir—tl < 2.

Clearly total 2 - out degree equitable dominating set not
exists if |[r —t] = 2.

3.14. Example

For a double star B 5, as shown in Figure 8

Figure 7. Bistar BZ,

“Let us consider D = {u, v} and

V =D = {uy, Uy, U3, Uy, V1, Uy, V3, Uy}

Now Figure 8. Double star B; s
odp(w) =[N n (V=D “Let us consider D = {u, v}
=[{ug, Uz, Uz, Uy, V1, V3, V3, U4} N and V — D = {uy, Uy, Uz, Vg, Uy, V3, Vg, Vs }
{ul' Uz, U3, Uy, Vg, Uy, U3,V4}| Now
= {ug, up, Uz, Uy, V1,2, V3, 04} = 8 odp(w) = |[N(w) n(V —D)|
OdD(V) = |N(V) n (V - D)l = I{ull uZ!u3} n {u11u21u31 V1, Vy, U3, Vg, vS}l

=[{uy, up, uz, Uy, V1, V5, V3, 143 N
{ul' Uz, Uz, Uy, UI!UZJ U3, 'U4,}| - |{u1’u2’u3}| =3

= |{uyg, Uy, Uz, Uy, V1, V5, U3, U }| = 8 0dp(v) = IN(V) 0 (V = D)

= [{v1, vz, v3, V4, vs} N {ug, Up, Us, V1, V2, V3, Vg, Vs

Now
lodp(w) — odp( V)| =0 < 2. = vy, 02,05, w4, vs}l = 5
Then D = {u,v} form 2 — ODED set of G and there is Now
no vertices of degree zero in the induced subgraph. lodp(w) —odp (V)| =2 < 2.
car-lt—:iri]:::IitE/). is a total 2 - ODED set with minimum  tpen b= v} form 2 — ODED set of G and there are

5 . no vertices of degree zero in the induced subgraph.
Thus Viz0e(Bi4)) = 2 Thus D is total 2 - ODED set with minimum cardinality.

Thus Vtzoe(B3,5) =27
3.13. Theorem

For a double star S, 3.13. Theorem

S _{ 2 if r—t| <2 For any helm graph H,of order p, yi20.(Hn) = n,
ytZOE( r,t) = not exist otherwise where p=2n+1.
Proof Proof.
e Let {uy, uy, Us ce e v Upp1s Upgz v ooe e - Uy} DE the
By the definition of double star, vertices of helm graph. Here wu; is the centre
V(S,,) = vertex {uy, Us .......... U} be the vertices of cycle.
(U, Ug, Up, Uz Uy, W, Wy, Wo, W3, .. .. W} {Upszr Upgz con voe e Uyneq) be the pendant vertices and
L . these vertices are adjacent to u,, us...... U, respectively.
Let D ={u, w}be a dominating set and induced subgraph _ ! Uz, Us Un TESPECIVEly
D> d ot have isolated vertices then by definiti Take D = {u, Uz .o eeeee.Upyq} be a minimal
oesn ave 1solated vertices then by derinition dominating set and V—D-=

N@w) NV —D)={uy, Uy, Us wur e vee , U {Uy, Ungo Ungz eor ven one ,Usns1)-
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Now for any u; € D then we get
odp(u;) = IN(u) n (V- D)|
= {un iy, Wiy, Ungid N Uy, Ungo, Ungs oo e s Uzns1}
= {upun—43l =2.

Then |odp(w;) —odp(w;))|=0<2 and D is a
Yi20e — Set and there are no vertices of degree zero in the
induced subgraph <D>. Thus D is a ¥, — set and

Yt20e(Hp) = |D|= n.

3.16. Example

For a helm graph Hs, as shown in Figure 9

Figure 9. Helm graph Hg

“Let us consider D = {u,, Uz, Uy, Us,Ug} and V—D =

{uy, uy, ug, Uy, Usg, U1}
Now

odp(uy) = [N(uz) N (V - D)|

= Hupurd N {ug, uy ug o, g, ugs 3l = H{ug, usd = 2
odp(usz) = [N(uz) N (V —D)|

= [{up, ugk N {ug, uz, ug, uo, uso, usr } = [{ug, ug}| = 2
odp(uy) = [N(uy) N (V - D)|

= [{up, uol N {uy, uz, ug, uo, uro, a1}l = [{ug, uog}| = 2
odp(us) = IN(us) N (V —D)|

= {ug, ugod N {uyg, uy, ug, Ug, Ugo, Ug1 3| = H{ug, ugo}| =
2

odp(ug) = |N(ug) N (V —D)|
= {ug, ug1d 0 {ug, uy, ug, uo, Ugg, ua 1 = 1{ug, ug4} = 2
Now
lodp(u;) — odp (u;)| =0 < 2.

Then D = {u,, us, uy, us, ug} form2 - ODED setof G
and there are no isolated vertices of degree zero in the
induced subgraph. Thus D is total 2 - ODED set with
minimum cardinality.

Thus VtZOe(HS) =27

3.17. Theorem

For any crown graph C,  of order p, ¥20.(Cy) = p.
Proof.

Let

V(CF) = (Wi, Wy e e oo Wy Wi 1, Wiy e e e Wap ).

Here {wy,wy, ws,.....,w,} be the vertices of
cycle C, and {Wpy1, Wnyg, -, wop} be the pendant
vertices which are adjacent to wy,wy,ws, ......... Wy
respectively.

LetD = {Wl, Wa, e e wp}.

Clearly D is a minimal dominating set and V —D =
{wp+1, Wpi2,--o) wzp}.

Now odp(w) = INw)N(V-D)| =

|{wi_1,wi+1, . ..,wpl-} n {wp+1,wp+2, . ..,sz}l
{wpi}1=1.

Then |od,(w;) —odp(w;)|=0<2 and D is a
minimum 2 - ODED set and there are no vertices of degree
zero in the induced subgraph <D>.

SoDisa Yipe — Set.

Thus VtZoe(C;) = |D|= p.

3.18. Example

For a crown graph CJ, as in Figure 10

Figure 10. Crown graph C&

“Let us consider D = {wy, w,, w;, w,, ws} and
V =D = {wg, wy, wg, Wo, Wio}
Now
odp(wy) = [N(wy) N (V = D)|
= [{we} N {we, w7, wg, wo, wio}| = [{we}| = 1

odp(wy) = [N(wz) N (V — D))
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= |[{wy} 0 {we, wy, wg, wo, wio}l = [{w;}| =1
odp(w3) = |[N(ws) n (V= D)|
= |{wg} N {we, Wy, wg, wo, Wi} = [{wg}| =1

odp(wy) = [N(wy) N (V —D)|

= [{wo} N {wg, wy, wg, wo, wio}| = [{wo}| = 1
odp(ws) = [N(ws) N (V — D)|

= [{wyo} N {we, wy, wg, wo, wyo}l = [{wyo}l = 1

Now |odp(w;) — odp(wj)| = 0 < 2.

[{w, wi_1, wis1} 0 {Wp—ZIWp—l}l =0
Then |odp(u) — odp(w;)| < 2, forany u,v € D.
Hence D is @ Y400 — set and <D> has no isolated
vertices.

Thus Yt20e(F1,p—1) =p-—2

3.20. Example

For a Fan graph F, 5, as in Figure 11

Then D = {w;,w,, ws, w,, ws} form2—ODED setof G
and there are no vertices of degree zero in the induced
subgraph. So D is total 2 - ODED set with minimum

cardinality. Thus y;50.(C3) =57

3.19. Theorem

For any Fan graph,
2 if p=23
ytZOe(Fl,p—l) = {P -2 if p=4
Proof.
Let V(Fyp-1) ={u, Wi, W, cen e eee ...,wp_l}
Case 1
Forp=2,3
Clearly yippe(Fy1) =2 forp=2.
If p =3, V(F2) ={u,wy,w,}. Consider D ={u,w,}

and V—D ={w,}
Then clearly odp(u) = 1 and odp(w;) = 1.

Then |odp(u) — odp(w,)] =0 < 2 and <D> has no

isolated vertices.
Hence Disa yip0e — Set

Then ]/g%gg(Fl’z) <2 and 2 < ytZoe(Fl,Z)

Hence )/tZOE(Fl,Z) = 2.

Case 2

Forp >4

Let V(Fyp-1) ={u, Wy, Wy, v .

Let D =
={wp—z, Wp_1}.

Then

" e aeny Wp—l}'

{u, Wi, Wy, ... ....,Wp_3} and

odp(w) = [Nw) n (V—D)|
:|{W1, Wa, W3, e eees, Wy, Wp—l} n {Wp—21 Wp—1}|
= [{wp—2,wp-1}I=2.
Now
odp(wy) = [N(wy) n (V — D)
= [{w,wy, } 0 {wp—p, w1}l = 8 =0.
Also
0dp(Wp-3) = INWp_3) N (V = D)|
= |{u, Wp_a, Wp_z} n {Wp—z,Wp_l}I =1

For 2 <i<p—-4, odp(wj))=|Nw))n(V —=D)| =

V-D

Figure 11. Fan graph F, 5

“Let us consider D = {v,w;, w,, w3} and
V —D = {w,,ws}
Now
odp(v) = IN(V) n(V — D)|
= [{wy, wa, wa, wy, ws} 0 {wy, we}| = [{wy, ws}| = 2
odp(wy) = [N(wy) N (V = D)|
= [{v,wa}n {wy,ws} =0] =0
odp(wz) = [N(wz) N (V —D)|
= [{v,w,ws}n {wy,ws}| =10 =0
odp(ws) = [N(w3) N (V —D)|
= [{fv,wy, wil 0 {wy, wll = [{wy}] =1
Now
lodp(v) —odp(w3)| =1<2
lodp(wy) — odp(ws)|=1<2 and
lodp(v) —odp(wy)| =2 <2

Then D = {v,w;,w,,w;} form 2 — ODED set of G and
there are no vertices of degree zero in the induced subgraph.
So D is total 2 - ODED set with minimum cardinality.

Thus Vtzge(Fl,S) =57
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3.21. Theorem
For any triangular snake graph ¥z (TA) =p — 2

Proof.

The graph G contains 2p —1 vertices and p — 1
triangles.

The upper vertices are labeled from w; to w,_; and
the lower vertices are labeled from w,, to w,,_;.

Let D = {wp+1,wp+2,wp+3 .....sz_3,W2p_2} and

V—-D= {Wl, Wo, o

Now w,,,, is adjacentto wy, w,, wyand wy,,,.

Also wy,, 5 is adjacent to ws, wy, wy . and wy4.

The vertex w,,_, isadjacentto wy,_,, wy_1, Wy,.3 and

e Wy, sz_l}.

Wop_1-
Hence the set {wp41, Wpi3, oo ... Wap_5} iS @ Minimum
dominating set.
Therefore, consider all w; is lying in the dominating set
such that w; is adjacent to w;.

The set D= {Wp+1, Wp+2, Wp+3 ......... sz_S, sz_z}
is a total dominating set.
Now

0dp(Wp+1) = [N(Wp41) 0 (V = D))
= [{wi,wy, w,} =3
odp(Wap-2) = [N(wyp—5) N (V = D)| =
|{Wp—2'Wp—1'W2p—1}| =3.
Now odp(w;) = IN(w;) n (V — D)|
= [{wj-1, wjaa}| = 2
fori=p+2,p+3,..2p—3
Hence |odp(u) —odp(w)| <2 for all u,w €D
and therefore, D iSa ¥;z0 — Set.
ThUS Y206 (T5) = p — 2.
3.22. Example

For a triangular snake graph T, as shown in Figure 12

Figure 12. Triangular snake graph T¢

“Let us consider D = {w,, wg,wg,w;5} and V —D =
{wi, wy, wa, Wy, ws, wg, Wy}
Now

odp(w;) = |[N(w;) n(V —D)|
=|{wy, wp, we, wg} N {wy, Wy, ws, wy, ws, we, wyg }|

= [{wy, wp, we}| =3

odp(wg) = [N(wg) N (V —D)|
=|{wy, ws, w7, wo} N {wy, Wy, wz, wy, ws, we, wy 4}
= [{wy,ws}| =2
odp(wo) = [N(ws) N (V — D)
= [{ws, wy, wg, wio} N {wy, wy, wa, wy, ws, we, wy
= {ws, wy}| =2
odp(wyg) = [N(wyo) N (V — D)
= [{wy, ws, wo, wy1} N {wy, wy, wz, wy, wg, we, w1}
= |{ws, ws,wy1}| =3
Now
lodp(w;) —odp(wg)| =1 <2
(wy) —odp(wg)| =1 <2
lodp(w7) — odp(wy)| =0 <2
lodp(wg) — 0dp(wg)| = 0<2
lodp(wg) —odp(wyg)| =1 <2 and
lodp(wo) — odp(wyp)| =1 < 2

Then D = {w,, wg, wo, Wy} form 2 — ODED set of
G and there are no vertices of degree zero in the induced
subgraph. So D is a total 2 - ODED set with minimum
cardinality.

THUS Vi20e(T) = 47

3.23. Theorem

For any double triangular snake graph,

ytZOe(D(TFT)) =pP—- 2

Proof.

The graph G contains 3p —2 vertices and p—1
triangles.

The upper vertices are labeled {wy,wy, ........,wp_1}
and the middle vertices are labeled {wy,, wpiq, ...,
Wyp—1} and the lower vertices are labeled {w,,,
Wop a1y wer wee e Wap_o}.

Take the set

D= {wpﬂ,wpﬂ,wer3 .....sz_3,W2p_2} and V —
D = {Wl,Wz,

The vertex wy,, is adjacent to wy, wp, Wy, Wpi2, Wap,
and wyp1.

The vertex wy, 5 is adjacent to w3, Wy, Wpi2,Wp4s and

en s Wp, sz_l}.

Wop+3-

In similar manner, the vertex w,,_, is adjacent to
Wp_2, Wp_1, Wapy3, Wap_3 and wa,_,.

Hence the set {wy 41, Wpy3, - oo, Wap_5} is @ minimum
dominating set but it is not a total dominating set.

Now consider all w; is lying in the dominating set such
that w; is adjacent to w;.

The set D = {Wp+1,Wp+2,Wp+3, -
is a total dominating set.

Now

seay sz_3, sz_z}
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odD(WpH) = |N(Wp+1) nw-— D)|
= |{w1,W2,Wp,w2p,W2p+1}| = 5.
odp(Wap-2) = [N(Wap—) N (V = D)|
= [{Wp-2, Wp-1, Wap_1, Wgp_3, W3p_o}| = 5.
odp(w;) = IN(w;) n (V — D)
= |{(Wisps Wisps1, Wisps Wisp—1 }| = 4 for
i=p+2,p+3,..,2p—3.

Hence |odp(uw) —odp(W)| <2 for all u,w € D.
Hence Disa yiy0e — Set.
Then ¥i20e(G) =p — 2.

3.24. Example

For a double triangular snake graph D(T:"), as shown
in Figure 13

Figure 13. Double triangular snake graph D(T<")

“Let us consider D = {wg, w,, wg} and
V — D = {wq, Wy, W3, Wy, Ws, Wo, Wig, Wy1, Wyp, W3}
Now
odp(wg) = |[N(we) N (V — D)|=
|{W1' Wz, Ws, W7 Wy, W11}
N {wy, wy, Wi, Wy, Wy, Wo, Wig, W1, Wi, W13}|
= I{{Wll W3, Ws, Wi, Wll}}l =5
odp(w;) = |N(w;) n (V= D)|=

[{w, w3, we, wg, Wy1, Wio, }
n {wi, wa, wa, Wy, ws, wo, Wy, Wyq, Wig, Wis}

= [{wgz, ws, wiy, wip}| = 4
odp(wg) = [N(wg) N (V —D)|=
|{W3' Wy, W7, Wg W13, W13}
n {W1,W2'W3'W4rW5'W9:W10'W11IW12'W13}|
= |{W3'W4' Wy, W9,W12:W13}| =5
Now
lodp(we) — 0dp(w7)| =1 < 2.
(We) —odp(wg)| =0 <2
lodp(w;) —odp(wg)| =1 <2
Then D = {wg, w,, wg} form 2 — ODED set of G and

there are no vertices of degree zero in the induced
subgraph.

Hence D is a total 2 - ODED set with minimum
cardinality.

Thus ytZOe(D(T5+)) =47

3.25. Theorem

For any path y;z0e (P, X B,) =p forp = 2.

Proof.

(wy, wy), (Wy, wy), (Wy, ws), .., (W1, Wp)}
(W, w1), (Wa, wy),.., (Wy, W)

containing 2p vertices.
Consider a minimal dominating set

V(P, X B)) = {

D = {(wy, wy), (Wy, wy), (W, W), eee oo (wy, W) }
V=D = {(wy,wy), Wa, W), Wa, W3), e .. (Wp, W) }.

Since <D> is a path, <D> has no isolated vertices.
Letu= (w,w;) € D,j=123, ...... ,p
If u =(wy, w,), then

odp(wy,wy) = |N(wy,wy) N (V —D)|
= |(w, w),(wy, w2) 0 (V = D)|= |(wz, wy)| = 1.
Ifu :(Wl,Wp),then
OdD(Wl,Wp) = |N(W1,Wp) ny - D)|
= |(W1,Wp_1), (Wz,Wp) n (V —D)|
:|(W2,Wp)| =1

Ifu :(Wl,Wj), j=23...p—-1

Then OdD(Wl,Wj): |(w2,wj)|:1.

Then for any u,w € D, |odp(u) — odp(w)| < 2.
Hence Disa yiy0. — Set.

Thus Yiz0e(P, X B)) =p forp = 2.

3.26. Example

For any path (P, X Pg), as shown in Figure 14.

Figure 14. Path (P, X Pg)

“Let us consider

— (Wl; Wl)l (Wll WZ)ﬁ (W1: WS)'

_{ (wy, wy), (W, ws), (wy, We) } and
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VD= {(WZ'WI)' (wy, W), (Wz,W3).}

(Wa, wy), (Wy, Ws), (Wo, W)

Now
OdD((W1:W1)) = |N((W1'W1)) Ny - D)|

= |{(W1: wy)(wa, wy)} N

(wz, wy), (Wa, W3), (Wo, W3),
{ f

(WZ' W4), (WZI WS): (WZ' WG)
= {wy,wp} =1
Now

OdD((Wl!WZ)) = [N((wy, w;)) N (V = D)]|

= |{(W1' wy), (W, wp)(wz, wp)} N

{((Wz' w1), (Wa, W), (wy, W3);}|

(WZJ W4—)' (WZ' WS): (WZ' WG)
= [{wpwy)}| = 1
Now
OdD((WI'W3)) = [N((wy,w3)) N (V—D)| =

[, w2), Qg w) G, w0}

(wa, wy), (Wa, W3), (o, W3),
{ f

(WZ' W4), (WZI WS): (WZ' WG)
= [{(wy, w3)}| =1
Now
OdD((W11W4-)) = |N((w,wy)) N (V—=D)| =

[, w), 0y, w5 i )

A {(Wz; wy), (W, w3), (W, W3),}|

(WZI W4): (W2v WS)! (WZI W6)
= |{(W21W4)}| = 1
Now
OdD((WpWs)) = |N((w,ws)) N (V =D)| =

‘{(WL wy), (W, we) (W, ws)}

A {(Wz' wy), (Wa, wy), (W, Ws),}|

(W21 W4)! (W2v WS)! (WZ! WG)
= |{(W21W5)}| =1
Now
OdD((WpWa)) = |N((w,we)) N (V =D)| =

(W » W )!(W » Wi ),(W , W ),
|{(W1, ws), (Wz, we)} N {(sz, W:)’ (WZ’Z’W25), (sz’ wi)}

= {(wz, we)} =1

Now
lodp ((wy, W) — OdD((Wij)N =0<2.

Then

D = {(Wlﬂwl)!(W1!W2)I(W1!W3)v (W1!W4)I(W1;W5);
(wy,wg)} form 2 — ODED set of G and there are no

isolated vertices in the induced subgraph. Hence D is a
total 2 - ODED set with minimum cardinality.

Thus  Yi20e(Py X Ps) = 67,
3.27. Corollary

For any path y¢z0.(P; X B,) =pforp = 3.

3.28. Theorem

For any combo graph B;}of order p, ¥i20.(Bf) = n.
Proof.

Let {wy,wy, ... .. s Wi, Wis 1, Wig2) wen e ,wy,} be the
vertices of combo graph of B;.

Here {w;,wy, wy, ... ... ,wp,} be the vertices of
path P, and {Wyiq, Whnyio) oo o ,wy,} be the pendant
vertices which are adjacent to wy,wy,ws, ...... , Wy
respectively.

Consider a minimal dominating  set =
fwy, wy, . Wit and V —D = {Wyiq, Wiyo,eoor, Won )

Now we have
odp(w)=IN(w;) n (V = D)|
= |{Wi—1!Wi+1ani} n {Wn+1'Wn+2' .. "WZn}l =
|{Wni}|:1-

Then |odp,(w)) —odp(w;)|=0<2 and D is a
minimum 2 - ODED set. Clearly the induced subgraph <
D > has no isolated vertices.

Hence Disa yip0e — Set

Hence VtZOe(Pn+) = |D|: n.

3.29. Example

For combo graph PZ, as shown in Figure 15.

Figure 15. Combo graph P&

“Let us consider D = {w,, w,, w3, w,, ws,we} and V —
D = {wy, wg, Wo, W1, Wy1, Wy2}
Now

odp(w,) = [N(w,) N (V = D)|
={wg, w7} 0 {w, wg, wo, wio, wis, Wi}l
=l{ws}l =1
odp(w;) = [N(wz) N (V — D)|
=|{wy, ws, wg} N {w7, wg, wg, Wy, W11, Wi}

={wg}| =1
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odp(ws) = [N(ws) N (V —D)|
=|{wy, wa, wo} N {w, wg, wg, wyig, Wiy, wio}
= [{wo}| =1
odp(w,) = [N(wy) N (V — D))
=|{ws, ws, w10} N {wy, wg, wo, wyg, Wiy, Wiz}
= {wyodl =1
odp(ws) = [N(ws) N (V — D)|
= [{wy, we, w11} N {wy, wg, wo, wig, Wiy, Wi, }
={wy}l =1
odp(we) = [N(we) N (V — D)|
=|{ws, w12} N {wy, wg, wo, wyg, Wiy, Wi}
= [{wi2}I=1
Now
lodp(w;) —odp(w;)| =0<2 forallD
Then D = {wg, w,, wg} form 2 — ODED set of G and

there are no vertices of degree zero in the induced subgraph.

So D is a total 2 - ODED set with minimum cardinality.
Thus Yt20e (D(Pg)) =6".

3.30. Theorem

For all combo graph B, yi20e (T2(B) = n.

Proof.

V((BD) = {v1, V2 evr, Uy, V1, V3, oV}
and E((Pn+)) ={€e1,€3 -\, €on_1}-

Then V(T,(B)) =

{V1, Vg e, Uy, V1, V3, e Uy, €1, €5 wenv, €21 } 1S VEITICES
of T,(P{).
Let us take D ={v,v,....,1,} and V—-D=

{vi, v}, .U, 1,85 v, €1}
Clearly D is a dominating set.
Also odp(v,) = 3 = odp(v,) and odp(v;) = 4
Where i=2,3,4....., n — 1.
Forany u,v € D,such that |odp(uw) — odp(v)| < 2.
Hence D is a 2- out degree equitable dominating set and
<D> has no isolated vertices.
ThUS Y200 (T2 (B = 1.

3.31. Theorem

For all triangular snake graph,

ytZOe(Tz(T;) =2n—-1

Proof.

Let V((Tr:-)) = {V1, V2 o, Uy Vnt1, Uz oo Van-1}
and E((Tr:')) ={e1, €5 ..., €041}

Then V(T,(T)) =
{vi, V2 o VU Vi1, Vngz o) Vano1, €1, €2 s €204} is
vertices of T,(T,f).

Let us take D = {vq,V5 ...,V Vnatr Vnaz -or Van—1}
and V —D = {el, 62 ) 82n+1}

Clearly D is a dominating set.

Also odp(v;) =2 for i=1,n,n+1...2n—1 and
odp(vj)) =4 for j=23,....,n—1.

Forany € D,such that |odp(u) —odp(v)| < 2.

Hence D is a 2 - out degree equitable dominating set and
<D> has no isolated vertices.

ThUS V4200 (T2 (1)) = 2n — 1.

4. Application of Total 2 - ODED
Number

The concept of a total 2 — ODED set is useful for the
formation of any committee. It is desirable that each
committee member might feel comfortable knowing at
least one member of the committee. In this situation, a total
2 — out degree equitable domination is useful while there is
no difference of opinion between any two members or they
differ on at most one issue. In this situation, the concept of
equitable domination is applicable.

5. Conclusions

In this paper, we introduce a new domination number
called the total 2— ODED number. Also, we investigate the
proposed domination number for some general graphs.
Finally, we discuss the real life application of the proposed
domination number. We would like to extend our research
work to include an additional set of graphs, as well as
investigate the limitations of the total 2 - out degree
equitable domination number.
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