International Journal of Mathematics Trends and Technology VVolume 67 Issue 1, 79-87, January, 2021

ISSN: 2231 — 5373 /d0i:10.14445/22315373/IIMTT-V6711P512 © 2021 Seventh Sense Research Group®
The (a, b)-Status Neighborhood Dakshayani Index
V.R.Kulli

Department of Mathematics.
Gulbarga University, Gulbarga 585106, India

Abstract: Many distance based topological indices of a graph have been studied in the literature. In this paper, we
introduce the Fi-status neighborhood Dakshayani index, the general status neighborhood Dakshayani index, symmetric
division status neighborhood Dakshayani index, first and second status neighborhood Dakshayani-Gourava indices, (a,
b)-status neighborhood Dakshayani index of a graph. Also we propose the Fi-status neighborhood Dakshayani
polynomial, symmetric division status neighborhood Dakshayani polynomial, first and second status neighborhood
Dakshayani-Gourava polynomials of a graph. We compute these newly defined status neighborhood Dakshayani indices
for certain standard graphs and friendship graphs.
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I. Introduction

Let G be a simple, finite, connected graph with vertex set V(G) and edge set E(G). The degree dg(u) of a vertex u
is the number of vertices adjacent to u. The distance d(u, v) between any two vertices u and v is the length of shortest path
containing u and v. The status [1(u) of a vertex u in a connected graph G is the sum of distances of all other vertices from u
in G. Let N(u)=No(u)={v:uv E(G)}. Let o, (W)= > o (V). Let o, (W) =0 (u)+ D o (v). Then [ig(u) is the status

veN(u) veN(u)
sum of closed neighborhood vertices u. We refer [1] for undefined term and notation.

A topological index is a numerical parameter mathematically derived from the graph structure. Topological
indices have been found to be useful in chemical documentation, isomer discrimination, QSPR/QSAR study, see [2, 3].
Among distance based indices, Wiener index [4], Harary index [5], status [6, 7] are studied well in the literature. Several
status indices of a graph can be found in [8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19].

The first and second status neighborhood Dakshayani indices of a graph were introduced by Kulli in [20], defined

uveE(G) uveE(G)
Recently, some variants of status neighborhood Dakshayani indices were studied in [21, 22, 23].
Motivated by the work on distance based indices, we introduce the Fi-status neighborhood Dakshayani index of a
graph, defined as

FSDG)= Y oy W +0, ()]
uveE(G)
Considering the Fi-status neighborhood Dakshayani index, we introduce the F;-status neighborhood Dakshayani
polynomial of a graph G, defined as

FSD(GX)= 3 xoWrelv
uveE(G)
We propose the general status neighborhood Dakshayani index of a graph G, defined it as

sD,(G)= Y [y W) +0y (0],
uveE(G)

where a is a real number.
We now introduce the symmetric division status neighborhood Dakshayani index of a graph G, defined as

(g ay(v))
weE(G) \ Od (v) Oy (u))

Considering the symmetric division status neighborhood Dakshayani index, we define the symmetric division
status neighborhood Dakshayani polynomial of a graph G as

as

SDSD(G) =

HOOE)
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(EAOREAC)

SDSD(G,x)= ¥ NCIEAT
uveE(G)
Also we introduce the first and second status neighborhood Dakshayani-Gourava indices of a graph G and they
are defined as

SDGO, (G)= Y [og W +0y (V) +0y (Way ()],

uveE(G)

uveE(G)
Recently some Gourava indices were studied in [10, 12].
Considering the first and second status neighborhood Dakshayani-Gourava indices, we introduce the first and

second status neighborhood Dakshayani-Gourava polynomials of a graph G and they are defined as
SDGOl (G, X) — Z XGd (U)+O‘d(V)+O'd (U)O‘d (v) ’
uveE(G)

SDGO, (G,x)= ¥ xaWrelv]alaw

uVeE(G)
We now introduce the (a, b)-status neighborhood Dakshayani index of a graph G, defined as

b b
$D,, ()= Y [0y (W oy () + 0 (W) 0y (V)° ]
uveE(G)
where a and b are real numbers.

I1. Observations

We observe the following relations between (a, b)-status neighborhood Dakshayani index with some other
neighborhood Dakshayani indices.
Q) SD1(G) = SD1,0(G).
(i) F1SD(G) = SD2, (G).
(iii) SDa(G) = SDayo (G).
(iv) SDSD(G) = SDy,-1 (G).
(v) SDSDy(G) = SDy,1 (G).

111. Results for Complete Graphs

Theorem 1. The (a, b)-status neighborhood Dakshayani index of a complete graph K, with n vertices is given by
a+b+1
SD,p, (K,)=[n(n-1)]

. . . .. n(n-1)
Proof: If K, is a complete graph with n vertices, then it has edges. Then dKn (u)=n-1 and c(u)=n-1 for

every vertex u in Kn. Thus o, (u) =(n—1)* for every vertex u in K. Therefore o, (u)=n—1+(n-1)* =n(n—1).
Thus

SDa,b (Kn): Z [O'd (U)a gy (V)b + 0y (U)b Oy (V)a]

uveE(K,)
_ n(n-1)

[n(-D}* {n(n-D}° +{n(-D}" In(n-1)}* |

_ [n(n _l)]a+b+1.
We establish the following results from Theorem 1.
Corollary 1.1. Let K be a complete with n vertices. Then

(i) SD, (K, ) =SD;, (K,) =[n(n-D]" =n* - 2n?+n,
(i)  FSD(K,)=SD,,(K,)=n(n-1).
i) SD,(K,)=5D,,(K,)=[n(n-1]"".
(iv) SDSD(K,)=SD, ,(K,)=n(n-1).
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v  SDGO,(K,)=SD,,(K,)=n"(n-1",

Theorem 2. The first status neighborhood Dakshayani-Gourava index of a complete graph K, is given by
1
SDGO, (K, ) :Enz(n—l)z(nz —n+2).

Proof: We have o, (u)=n(n=1) for every vertex U in K,. By definition, we have
SDGOl( ) 2 I:O'd +oy(v)+o4(u)oy (V)]
uveE(K,)
n(n-1)
2

:%nz(n—l)z(nz —n+2).

[n(n=1)+n(n-1)+n(n-1)n(n-1)]

Theorem 3. Let K, be a complete graph with n vertices. Then
nn—-1) ,2m

(i) FSD(K,,x)= =) ares’

n(n- 1)

(ii) SDSD(K,,X) =

(|||) SDC;O1 (Kn , X) = w Xn(n—l)(n27n+2) )

(v SDGO, (K,,x)= @ ety
Proof: We have o, (u) =n(n—1) for every vertex u in K,. Thus

i) FSD(K,x)= Y x®Wrel o =D ot an(n-°
n?
weE(K, ) 2
— n(n _1) X2n2(n—l)2
Y .
+Cfu(V) ( ) n(n—l) n(n-1)
G)  SDSD(K,x)= 3 xo @@ M= sninn oy
uveE(K,) 2
_ n(n-1) 2
> .
(iii) SDGOl(Kn’X) = Z XO'd(U)+O'd W+o,W)o,(v) _ MXn(n—1)+n(n—1)+n(n_1)n(n_1)
uveE(K,) 2

_ n(n _1) Xn(n—l)(nz—n+2).
2

(iv) SDGO, (Kn , X) = Z X[Ud(“)“’d W) o, (o (v) _ M X[n(n—l)+n(nfl)]n(nfl)n(nfl)

weE(K, ) 2

_n(n-1) s
2

IV. Results for Complete Bipartite Graphs

Theorem 4. The (&, b)-status neighborhood Dakshayani index of a complete bipartite graph K q is given by
SD,p(Kpq) = Pl {(L+ p)(a+2p-2)}* {(1+q)(p+2q-2)}" +
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b a
(L p)(a+2p-2)f {1+ a)(p+20-2))" |
Proof: The vertex set of K, 4 can be partitioned into two independent sets V1 and V> such that ur1Vy and vV ; for any edge
uv in Kpq. Let K= K q. We have dk(u) = q and dk(v) = p. Then [1(u)=g+2p — 2 and [1(v)=p+2q — 2. Thus [14(u)=p(q+2p — 2)
and [14(v)=q(p+2q — 2). Hence [I4(u)=(1+p)(q+2p — 2) and [14(v)= (1+q)(p+2q — 2). Therefore

Dap (Kpg)= Y Loy W oy 0P + 0, (W) oy (v ]

uveE(K,)

= pq[{(1+ p)(q+ 2p—2)}a {(1+ q)(p+2q —2)}b

b
+H+p)(a+2p-2)f {(1+a)(p+29-2)}" |
We obtain the following results from Theorem 4 and observations.
Corollary 4.1. Let K 4 be a complete bipartite. Then

() SD,(K,q)=pa[2(p®+q?)+(p+q)+2pq—4].
(i) FSD(K,,)=pa[(L+p) (a+2p-2)° +(1+q) (p+29-2) |.
(i) SD,(K,q)=pal(L+p)*(a+2p—2)" +(L+q)* (p+29-2) |.

_ (1+p)(a+2p-2) (1+q)(p+2q-2)
(iv)  SDSD(K,,)= pq{(1+q)(p+2q—2)+(1+ p)(q+2p—2)}
(v) SDGO, (Kpq) = pa[ {(1+ p)(a+2p—2)+(1+q)(p+2q-2)}

(1+ p)(1+a)(g+2p—-2)(p+29-2)].

Theorem 5. The first status neighborhood Dakshayani-Gourava index of a complete bipartite graph K q is
SDGO; (K q )= pa {2(p? +02)+(p+)+2pa — 4} + (1+ p)(1+a){2(p? +07) ~6(p+0) +5pq + 4] ]
Proof: We have o, (u) =(1+ p)(q +2p—-2) and o, (v)=(1+ p)(q+2p—2) for every edge uv in K. Therefore
SDGOl( ) Z [O‘d +o4 (V) +0y4 U)oy (V)]

uveE(K)
= pa[ (1+ p)(g+2p—2)+(1+0q)(p+20-2)+(1+ p)(a+2p—2)(1+q)(p+20—2)]
= pq[{z(pz+q2)+(p+q)+2pq—4}+(l+ p)(l+q){2(p2+q2)—6(p+q)+5pq+4}}.

Theorem 6. Let K, q be a complete bipartite graph. Then
(i) F,SD ( K X) _ pqx(l+p)2(q+2 p-2)° +(1+a)*(p+2q-2)°
p.q’ )

(1+p)(a+2p-2) (1+g)(p+29-2)

(ii) SDSD( ) — pqx(1+(1)( p+2q-2) (1+p)(q+2p-2)
p.q’ '

(iii) SDGO, ( ) 2(p?+? J+( p+0)+2 pu—4}+ (l+p)(1+q){2(pz+q2)f6(p+a)+5pq+4}.
(iv) SDGO, ( pq’ ): 2(p?+7 )+ (p+a)+2pa-4)(1+ p)(1+0){2(p* 40 )-6(p+a)+5pa+4]
Proof: We have o, (u ( )(q +2p— 2) and o, (v) = (1+ q)( p+29-— 2) for every edge uv in K. Therefore

(I) F15D<prq , X) _ Z &L (u)? +0oy (v)? _ qu(1+p Y (g+2p-2)* +(1+q)*(p+2g-2)° .

uveE(K)
0a<u)+0d<V> ( Pa+2p-2) (1+)(p+24-2)
(ii) SDSD(qu, ): Z x%av) o) — pgx ra(pr2a- 2)" +p)(a+2p-2)
uveE(K)
(iii) SDGOl(Kp‘q,X)Z z X[O'd(u)+0'd(V)+ad(u)0'd(v)]
UVeE(Kn)
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— qu(” P)(a+2p-2)+(1+a)(p+2a-2)+(1+p)(q+2p-2)(1+a)(p+20-2)
After simplifying, we get the desired result.

(v)  SDGO,(KpqX)= Y KL W+eaW]oy oy w)
uveE(K,)
_ pqX[(l+ p)(a+2p-2)+(1+a)(p+2a-2))(1+p)(a+2p-2)(1+a)(p+29-2)

After simplifying, we obtain the desired result.

V. Results for Wheel Graphs
A wheel graph W, is the join of C, and Kj. A wheel graph W, is shown in Figure 1.

Vg

Figure 1. Wheel graph Whn

A graph W, has n+1 vertices and 2n edges. In this graph, there are two types of vertices as follows:

Vi={ue V(W) | o(u)=n}, [Va| = 1.
Vo={u e VWy) | o(u) =2n -3}, [Vo| = n.
By calculation, we obtain that there are two types of status neighborhood vertices as follows:
Vi={u e V(Wy) | on(u) =n(2n - 3)}, V4| = 1.
Vo={u € V(W) | on(u) = 5n - 6}, [V2| = n.
By calculation, we obtain that there are two types of status neighborhood Dakshayani vertices as given in Table 1.
ou(u) \ U € V(W) 2(2n-2) mn-9
Number of edges n n

Table 1. Status neighborhood Dakshayani vertex partition of W,

By calculation, we obtain that there are two types of status neighborhood Dakshayani edges as given in Table 2.
oa(u), ca(v) \uv e V(Wy) (7Tn-9,7n-9) (7n-9,n(2n -2))

Number of edges n n

Table 2. Status neighborhood Dakshayani edge partition of W,

Theorem 7. The (a, b) status neighborhood Dakshayani index of a wheel graph W, is given by

b
SD,, (W,)=2n(7n-9)*" + nl (7n=9)* (2n? —2n)" +(7n—9)" (2n% —2n)" |.
Proof : Using definition and Table 2, we deduce

D, (Wy)= Y [0 () oy P +04 W) oy (v)° ]
uveE(W,)

—n[(7n=9)* (7n=9)° +(7n=9)° (7n—9)% ]+ n[(7n=9)* (2n—2n)° +(7n-9)° (2n—2n)* |

=2n(7n-9)*"* +n[(7n—9)a (2n2 —2n)” +(7n-9)° (2n2 —2n)a1

Corollary 7.1. Let W, be a wheel graph with n+1 vertices and 2n edges. Then
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(i)  SDy(W,)=SDy(W,)=2n>+19n* - 27n.
(i)  FRSD(W,)=SD,0(W,)=3(7n-9)*+4n3(n? —2n+1).

(iii)y  SD, (W,)=SD,(W,)=2n(7n-9)* 0l (7n-9)* +(2n% ~2n)* ],
(7n—-9)* +4n2 (n—1)?
2(n-1)(7n-9)
(v)  SDGO, (W, )=5D,, (W,)=2n(7n-9)° +n(2n2 +5n-9)(7n—9)(2n? —2n).

(iv)  SDSD(W,)=SD;_;(W,)=2n

Theorem 8. The first status neighborhood Dakshayani-Gourava index of a wheel graph W, is
SDGO, (W, ) =14n* +19n° —89n? +54n.
Proof: Using definition and Table 2 we derive
SGO,(W,)= Y [og (W) +0y(V)+0y (u)oy (V)]
uveE(W,)
=n[(7n-9)+(7n-9)+(7Tn—9)(7Tn—-9)] + n[(7n-9)(2n2 —2n)+(7n-9)(2n% —2n) ]
=14n* +19n° —89n* + 54n.

Theorem 9. Let W, be a wheel graph with n+1 vertices and 2n edges. Then
2
(i) F.SD (W, x) = nx2 79"y 709 +lent-20f

(7n-9)* +(2n?-2n)’"

(”) SDSD (Wn s X) = I’]X2 + nxm
(iii) SDGO1 (Wn , X) _ nX49n2—112n+63 + nXl4n3—30n2+23n—9.

(iv)  SDGO, (W,,x)=nx2"" 4 py2 sen-olzn-ozn’-20)
Proof: From definitions and Table 2, we derive

(i) FSD(W,,x)= 3 xoW ol
uveE(W,)

(7n-9)?+(7n-9)? (7n-9)?+(2n?—2n)’

=NnX + nx

2(7n-9)° (7n-9)2+(2n? —2n)’

=NnX + NX
LAONCAY

(ii) SDSD(W,,x)= 3 xo ol
uveE(W,)

7n-9 7n-9 7n-9 2n’-2n
— nx7ﬂ —9 7n-9 + ann 2n 7n-9

(7n-9)+(2n2—2n)°
nX2 + NX 2n(n-1)(7n-9) )

(i) SDGO (W, )= Z CAMANIEATEA
<E(W,)

7n-9+7n-9+(7n-9)(7n-9) 7n-9+2n2-2n+(7n-9)(2n?~2n)

=NnX +NnX

49n%-112n+63 14n®-30n2+23n-9
=nX + NX .

(V) SDGO,(W,,x)= 3 xobreaew
uveE(W,)

(7n-9+7n-9)(7n-9)(7n-9) (7n-9+2n?-2n)(7n-9)(2n2—2n)

=NnX
3
nX2(7n—9)

+nX

n I,]X(an+5n—9)(7n-9)(2n2—2n)_

V1. Results for Friendship Graphs
A friendship graph F, is the graph obtained by taking n 1 2 copies of Cs with vertex in common. A friendship
graph F4 is shown in Figure 2.
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Figure 2. Friendship graph F4

A graph F, has 2n+1 vertices and 3n edges. In Fy, there are two types of status vertices as follows:

V; ={ueV(F,)lolu)=2n}, V4 = 1.
V, ={ueV(F,)|ou)=4n-2}, V2| = 2n.
By Calculation, there are two types of status neighborhood vertices as follows:
V; = {ueV(F,)| o, (u)=2n(4n-2)}, V4] = 1.
V, ={ueV(F,)lo,(u)=6n-2}, V2| = 2n.
By calculation, we obtain that there are two types of status neighborhood Dakshayani vertices as given in Table 3.
oua(u) \u e V(Fn) 2n(4n—-1) 10n-4
Number of edges 1 2n

Table 3. Status neighborhood Dakshayani vertex partition of Fj

By calculation, we obtain that there are two types of status neighborhood Dakshayani edges as given in Table 4.

ou(u), oa(v) \uv e E(Fy) (10n -4, 10n - 4) (10n -4, 2n(4n -1))

Number of edges n 2n

Table 4. Status neighborhood Dakshayani edge partition of F,

Theorem 10. The (a, b)-status neighborhood Dakshayani index of a friendship graph Fy is

b
SD, , (F, )= 2n(10n—4)*" +2n (10n—4)* (8n2 —2n)” +(10n—4)° (8n> —2n)" .
Proof : Using definition and Table 4, we derive

San(Fa)= 2, [Gd W2 oy (vV)° + 0y (U)° o (v)aJ

uveE(F,)
—n[(2on—4)* (@on—4)° +(10n—4)° 10n—4)* |+ 2n[ (10n—4)* (8n? —2n)" + 20n—4)° (8n2 —2n)° ]

b
—2n(10n—4)**" 4+ 2n [(10n —4)*(8n2 —2n) +(10n—4) (8n2 —2n)" J

Corollary 10.1. Let F, be a friendship graph with 2n+1 vertices and 3n edges. Then
(i)  SDy(F,)=SDy,(F,)=16n"+36n" —16n.
(i)  FSD(F,)=SD,,(F,)=128n° —64n* +408n° —320n° +64n>.
(i) SD, (Fy)=SDao(F,)=4n(10n—4)* +2n(8n? —2n)".
(5n—2)° +(4n? - n)2

(4n% —n)(5n—-2)
(v)  SDGO, (F,)=S5D,; (F,)=2n(10n—4)° +2n(8n? +8n—4)(10n—4)(8n* —2n).

(iv) SDSD(F,)=SD;, ;(F,)=2n+2n

Theorem 11. The first status neighborhood Dakshayani-Gourava index of a friendship graph F, is
SDGO, (F,) =160n" +12n° — 44n.
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Proof: Using definition and Table 4, we deduce
DGO, (Fy)= . [ad u)+ 04 (V) + 04 (W ay (V)]

uveE(F,)
—n[(10n—4)+(10n—4)+(10n—4)(10n—4)]+2n[ (10n—4)+(8n2 —2n) +(10n—4) (8n% —2n) ]
=160n* +12n° —44n?,
Theorem 12. Let F, be a friendship graph with 2n+1 vertices and 3n edges. Then
0 ESD ( = X) _ nXZ(lO”_4)2 n 2nX(lOn—4)2+(8nz—2n)2
1 n? - .

(5n-22+(an?—n)’

(”) SDSD ( Fn , X) = nxz + 2nX (4n2-n)(5n-2)
(i) SDOO,(F, )= 4 g-s

(iv) SDGO (F X) _ n)(2(10n-4)3 " 2nx(8n2+8n—4)(10n—4)(8n2—2n)
2 n’ .
Proof: Using definitions and Table 4, we obtain

(i) FSD(F,x)= 3 xeWrel’

uveE(F,)
_ nx(lOn 4)? +(10n-4)? 4 2nx(10n—4)2+(8n2—2n)2
2 2 2 2
— nx210n-2" | oy @on-a) +(8n2-2n) .
o,(u) o-d(v)
.. v) o. ()
(i)  SDSD(F,,x)= D>, x%V o
UVEE(F )
10n-4 10n-4 10n-4 8n -2n

= nxlon-4 "10n-4 + nXSn —2n 10n-4

(5n-2)%+(4n?—n)*
— nX2 + 2nX (4n2—n)(5n72)

(i)  SDGO(F,,x)= x7s oV (U (v
UVeE(Fn)

10n—4+10n—4-+(10n—4)(10n—4) 10n—4+8n2—2n+(10n—4)(8n2—2n)

=NnX + NnX

100n?—60n-+8 80n°—44n®+8n-4

=nX +2nx
(iv) SDGOZ (Fn , X) = 2 X[Ud(u)JrO'd (V):|0'd(u)o'd (v)
uveE(F,)

(10n-4+10n-4)(10n—4)(10n-4) (10n-4+8n?—2n)(10n—4)(8n%~2n)

+2nx
(8n%+8n-4)(10n-4)(8n2-2n)

=NnX

3
2(10n-4) +2nx

=nx
CONCLUSION
In this paper, we have introduced some new status neighborhood Dakshayani indices and polynomials of a graph.
Also we have determined these newly defined the status neighborhood Dakshayani indices for complete graphs, complete
bipartite graphs, wheel graphs and friendship graphs.
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