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ABSTRACT
Many distance based indices of a graph have been studied in the literature. In this study, we introduce the
multiplicative first and second status neighborhood indices, multiplicative sum and product connectivity status
neighborhood indices, general multiplicative first and second status neighborhood indices, multiplicative F-
status neighborhood index, general multiplicative status neighborhood index of a graph and compute exact
formulas for some standard graphs and friendship graphs.

KEYWORDS: distance, status, multiplicative status neighborhood indices, multiplicative sum and product
connectivity status neighborhood indices, multiplicative F-status neighborhood index, graph.
Mathematics Subject Classification: 05C05, 05C12, 05C35..

1. INTRODUCTION
We consider only finite, simple, connected graphs. Let G be a graph with vertex set /(G) and edge set E(G).
The degree ds(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 connecting u and v. The status o(u) of a vertex u in a connected
graph G is the sum of its distance from every other vertex of G. Let N(v) = Ng(v) = {uuve(G)}. Let
o, (v)= Z o(u) be the status sum of neighbor vertices. We refer [1] for graph theory theoretic

ueN(v)

terminologies.

A graph index or topological index is a numerical parameter mathematically derived from the graph structure
[2]. Graph indices have their applications in various disciplines of Science and Technology, see [3, 4]. Many
distance based indices of a graph such as Wiener index [5], Harary index [6], vertex status index [7] have been
appeared in the literature. In this study, we propose some new multiplicative status neighborhood indices of a
graph.

In [8], Kulli introduced the multiplicative first and second status indices of a graph, defined as

SIII(G)z H [0'(u)+0'(v)], SII2(G)= H ocw)oW).

uveE(G) uveE(G)
Recently some variants of status indices were studied in [9, 10, 11, 12, 13, 14, 15, 16].

Motivated by the work on distance based multiplicative status indices, we introduce the multiplicative status
neighborhood indices as follows:

The multiplicative first and second status neighborhood indices of a graph G are defined as

SNII(G) = H [an(u)+0'n(v)], SNLII(G) = H o,(wao, ().

uveE(G) uveE(G)

The multiplicative first and second hyper status neighborhood indices of a graph G are defined as

HSNII(G) = [] [0, +0, 0T, HN,1(G) = [] [0, o, T
uveE(G) uveE(G)
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The modified multiplicative first and second status neighborhood indices of a graph G are defined as

1 1
"SN I (G) = Ry "SNLII(G) = _
1 uveE(G) On (u) +0, (V) ? uvel;!G) Oy (M)O'n (V)

Motivated by the work on multiplicative connectivity indices [4], we propose the following connectivity status
neighborhood indices:

The multiplicative sum and product connectivity status neighborhood indices of a graph G are defined as
1 1
SSNII (G) = ,  PSNII(G) =

wer(6) Ao, )+, (v) uv!;!G) Jo, o, (v)

The reciprocal product connectivity status neighborhood index of a graph G is defined as

RPSNII(G) H Jo,(wao, (v).

uveE(G)

The general multiplicative first and second status neighborhood indices of a graph G are defined as

sNe (G =[] [e,w)+o,0],

uveE(G)

sv311(G)= [ [o,(we, W],
uveE(G)
where a is a real number.

The multiplicative F-status neighborhood index of a graph G is defined as

FSNII(G) = H |:6n (u) + o, (v)° ]
uveE(G)

The general multiplicative status neighborhood index of a graph G is defined as

svi(@)= T o, @ +0,()"]

uveE(G)

We introduce the multiplicative inverse sum status neighborhood index of a graph G, and it is defined as
o,(wo, )

ISNII (G) = —n
uveE(G) O-n (u) + O-n (V)

We propose the multiplicative harmonic status neighborhood index of a graph G, defined as
2
HSNII(G) = s
uveE(G) On (u) +0, (V)

In this paper, newly defined multiplicative status neighborhood indices for complete graphs, wheel graphs,
friendship graphs are determined.

2. RESULTS FOR COMPLETE GRAPHS
In the following theorem, we compute the general multiplicative first status neighborhood index of a complete
graph K,,.

Theorem 1. The general multiplicative first status neighborhood index of a complete graph K, is
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an(n 1)
sNe(K, ) =[2(n—1)* ? (1)

n—1)

n
Proof: Let K, be a complete graph with »n vertices and (Tedges. For any vertex u of K, o(u)=n — 1.

Clearly for any vertex u of K, 6,(u)= (n — 1)*. Thus

SNYH(K,)= ] [an (W) +o, () ] (-1 + (-1

uveE(K )

]%an(n—l)

an(n 1)

21

We obtain the following results by using Theorem 1.
Corollary 1.1. The multiplicative first status neighborhood index of K, is

SNI(K,) =[2(n-1) ]2"(" !

Corollary 1.2. The multlphcatlve first hyper status neighborhood index of K, is

n(n—1)
HSN, 11 (K [2(n =il
Corollary 1.3. The modlﬁed multlphcatlve first status neighborhood index of K, is

nnl)

mSN (K, ) =[2(n—17] 2

Corollary 1.4. The multlphcatlve sum connect1v1ty status neighborhood index of K, is

SSNI (K, ) =[2(n 1) 2]

Proof: Puta = 1, 2, —1, —! in equation (1), we obtain the desired results.
In the following theorem, we determine the general multiplicative second status neighborhood index of
complete graph K.

Theorem 2. The general multiplicative second status neighborhood index of a complete graph K, is
SNAI(K,) ) =(n—1)* """ @)
Proof: Let K, be a complete graph, then c,(«) = (n — 1)? for any vertex u of K,,. Therefore

sven (k)= 1 [o, @ o, |=L-D* (n- P
uveE(K”)
_ (I’l _ 1)2an(nfl) ]

From Theorem 2, we obtain the following results.
Corollary 2.1. The multiplicative second status neighborhood index of K, is

SN, I (K, )= (n—1)>""
Corollary 2.2. The multiplicative second hyper status neighborhood index of K, is

HSN, I (K, ) = (n—)*""™".
Corollary 2.3. The modified multiplicative second status neighborhood index of X, is

2n(n—1)
1
"SNLII (K, )= (—j .
z ( " ) n—1

Corollary 2.4. The multiplicative product connectivity status neighborhood index of K, is
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Corollary 2.5. The multiplicative reciprocal product connectivity status neighborhood index of K, is
RPSNII (K, )=(n—1)""".

Proof: Puta=1,2, -1, -, % in equation (2), we get the desired results.

In the following theorem, we compute the general multiplicative status neighborhood index of a
complete graph K.

Theorem 3. The general multiplicative status neighborhood index of a complete graph X, is

1
—n(n-1)
SN"H(Kn):[z(n—1)2"]2 . )
Proof: Let K, be a complete graph. Then ,(u) = (n — 1)? for any vertex u of K,. Thus
1
—n(n-1)
sNear (k)= [ Lo, @ +o, 0" |=[-D* +(-D> " .
uveE(K,)
ln(n—l)

o™ 2.

We obtain the following result from Theorem 3.
Corollary 3.1. The multiplicative F-status neighborhood index of K, is

1n(nfl)
FsNI(K,)=L2(-" ]

In the following theorem, we compute the general multiplicative inverse sum status neighborhood index of K.

Theorem 4. The multiplicative inverse sum status neighborhood index of a complete graph K, is

ln(n—l)
2

1
ISNII (K, )= [E(n - 1)2}
Proof: From definition and o,(u) = (n — 1) for any vertex u of K,, we deduce

1
O_n(U)O'n(V) _{ (n_l)z(n_l)z :|2n(n—1)

uveE(K,) Oy (u) + Oy (v) B (n- 1)2 +(n _1)2
1 %n(n—l)
[z

Theorem 5. The multiplicative harmonic status neighborhood index of K, is

1
HSNII (K, )= ————.
( ) (l’l _ 1)n(nfl)

Proof: We have 6,(u) = (n — 1)? for any vertex u of K,,. Thus

—n(n-1)
asNI(K,) = [] 2 [ 2 T .

uveE(K,) Oy (u) + 0, (V) ) (n - 1)2 + (n _1)2

ISNII (K,,) =
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3. RESULTS FOR WHEEL GRAPHS

A wheel graph W, is the join of K; and C,. A graph W is shown in Figure 1.

Figure 1. Wheel graph Wy

A graph W,, has n+1 vertices and 2n edges. In a graph W,, there are two types of status edges as follows:
El={uveE(Wn)|J(u)za(v)=2n—3}. |Ei| = n.

E2={uveE(Wn)|0'(u)=n,0'(v)=2n—3}, |E5| = n.

Thus by calculation, we obtain that there are two types of status neighborhood edges as given in Table 1.

Table 1. Status neighborhood edge partition of Wa

o,w),o, W) \uve E(W,) (5n—6, 51— 6) (5n—6,n(2n—3))

Number of vertices n n

In the following theorem, we compute the general multiplicative first status neighborhood index of a wheel
graph W,.

Theorem 6. The general multiplicative first status neighborhood index of W, is given by

SN (W,) = (10n-12)" x (207 + 20— 6)"" 3)

Proof: From definition and by using Table 1, we deduce

SNy (W)= H [an (u)+o, (v)]a

uveE(W,)
=(5n—6+5n-6)" ><(5n—6+2n2 —3n)an
=(10n-12)" x(2n* +2n-6)"
We obtain the following results from Theorem 6.
Corollary 6.1. The multiplicative first status neighborhood index of ¥, is
SN (W) =22 (5n—6)" (n* +n-3)
Corollary 6.2. The multiplicative first hyper status neighborhood index of ¥, is
2n
HSN,IL(W,)=2*" (5n-6)*" (> +n-3) .
Corollary 6.3. The modified multiplicative first status neighborhood index of W, is

n
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mSNIH(Wn):(ij X(S 1 6) x( 5 ! 3) .
n— n-+n-—

Corollary 6.4. The multiplicative sum connectivity status neighborhood index of W, is

SSNII(WJ:(%) x(5 : 6j2x( ! 3)2.
n— n +n-—

Proof: Puta =1, 2, — 1, —" in equation (3), we obtain the desired results.

In the following theorem, we compute the general multiplicative second status neighborhood index of a wheel
graph W,.

Theorem 7. The general second status neighborhood index of W, is

SNETT(W,) = (5n—6)""" x(10n* =270 +18n)" . )
Proof: By definition and by using Table 1, we derive

SNZII(W, H [a wo, ]

uveE

~[(5n—-6)(5n—6)]" x[(5n-6)(2n% =30) "

=(5n-6)"" x(10n* = 270> +18n)"
We obtain the following results by using Theorem 7.
Corollary 7.1. The multiplicative second status neighborhood index of W, is

SN, 1T (W,) =(5n—6)"" x (101> = 27n% +18n)" .
Corollary 7.2. The multiplicative second hyper status neighborhood index of W, is
2
HSN, (W, ) = (5n—6)"" x (101 =27n* +18n)™"
Corollary 7.3. The modified multiplicative second status neighborhood index of ¥, is
"SNLII(W,) = : —x ! —.
(5n-6)" (100 —27n* +18n)

Corollary 7.4. The multiplicative product connectivity status neighborhood index of W, is

PSNII (W, )= (51116)” x !

(1003 —27n% +18n)2

Corollary 7.5. The multiplicative reciprocal product connectivity status neighborhood index of W, is

RPSNIL(W,)=(5n-6)" x(10n* - 270" + 180)2.
Proof: Puta=1,2,—-1,-'%, ' in equation (4), we obtain the desired results.

In the following theorem, we compute the general multiplicative status neighborhood index of a wheel graph
W

Theorem 8. The general multiplicative status neighborhood index of W, is

SNIL(W,)=2" (51— 6)" x [(Sn —6)" +(2n2 - 3n)“] .
Proof: Let K, be a complete graph. Then c,(u) = (n — 1)? for any vertex u of K,. Thus
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svea(w)= T Lo, @) +o, ()]
uveE(W”)

[Gn-6) +Gn-61xLGn-6+ (202 —30)" ]

=2"(5n—-6)" x [(Sn —6)" +(2n - 3n)a ]” .

We establish the following results by using Theorem 8.
Corollary 8.1. The multiplicative F-status neighborhood index of W, is

FSNIT(W,) =4(5n—6)"" x(4n* —12n* + 34n* — 60n + 36)

n

In the following theorem, we compute the multiplicative inverse sum status neighborhood index of W,,.

Theorem 9. The multiplicative inverse sum status neighborhood index of a wheel graph W, is

10n* - 271 +18n}n
n*+n-3 '
Proof: From definition and by using Table 1, we deduce

U | e

[ (51—6)(5n—6) } X{(5;1—6)(2;12 —3n)T
(5n-6)+(5n—-16) 5n—6+2n>-3n

ISNI[(Wn)zz%(Sn—@{

L (516)" 10n3 =270 +18n |
2n n- 2 :

n +n-3
In the following theorem, we determine the multiplicative harmonic status neighborhood index of W,.

Theorem 10. The multiplicative harmonic status neighborhood index of a wheel graph W, is

HSNII (W, )= 1 —.
(5n-6)"(n*+n-3)

Proof: From definition and by using Table 1, we derive

2
HSNII (W )= _
( ”) uve];([W")O-n (u)+o-n (V)

sere) oo )
S5n—6+5n—-6 Sn—6+2n* -3n

1
(5n-6)" (n2 +n—3)n '

4. RESULTS FOR FRIENDSHIP GRAPHS
A friendship graph is the graph obtained by taking n> 2 copies of C; with vertex in common and is denoted by
F,. The graph F4 is shown in Figure 2.
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Figure 2. Friendship graph Fy

A graph F; has 2n+1 vertices and 3n edges. By calculation, we obtain that there are two types of status edges as
follows:

E\ = {uveE(F,) | o(u) = o(v) =2n -3}, | Ei|=n.

E>={uveE(F,) | o(u)=2n, o(v)=4n—-2}, | E2| = 2n.

By calculation, we have two types of status neighborhood edges as given in Table 2.

Table 2. Status neighborhood edge partition of Fn
o,w),o,(V)\uve E(F,) (6n -2, 6n—2) (6n — 2, 2n(4n — 2))
Number of edges n 2n

Theorem 11. The general multiplicative first status neighborhood index of F), is

SN{IT(F,)) =4 3n=1)" (4n® +n -1
Proof: From definition and by using Table 2, we derive

SN{II(F) =[] [o,+o,0)]
)

uveE(F,

)Zan

)

2an
=(6n—2+6n—2)(m(6n—2+8n2 —4n)

=42 (3p-1)" (4n2 +n— 1)2an

We obtain the following results from Theorem 11.
Corollary 11.1. The multiplicative first status neighborhood index of F), is

2n
SNIL(F,)=4*"(Bn-1)"(4n® +n-1)"".
Corollary 11.2. The multiplicative first hyper status neighborhood index of F, is
4n
HSN,II(F,)=4* 3n-1)""(4n> +n-1) .
Corollary 11.3. The modified multiplicative first status neighborhood index of F), is
1
m —
SN\II(F,)= 5 A —.
42" (3n-1)"(4n* +n-1)
Corollary 11.4. The multiplicative sum connectivity status neighborhood index of F, is

SSNII (F,)= !

n n’
4"(3n—-1)2(4n> +n-1)
Proof: Puta=1,2,- 1, - in equation (5), we get the desired results.

In the following theorem, we determine the general multiplicative second status neighborhood index of a
friendship graph F),.

Theorem 12. The general multiplicative second status neighborhood index of a friendship graph F, is
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2
SNSII(F,) =2 Bn-1)*" (2n® =n) ™" (©6)

Proof: From definition and by using Table 2, we deduce

sNiiL(F) =TT [e, e, 0]

uveE(F)

(61 -2)(6n— 21" x[(6n-2)(8n? —an) "
=28 (35— 4an (2n - n)zan

We obtain the following results from Theorem 12.
Corollary 12.1. The multiplicative second status neighborhood index of F), is

2n
SN, I(F,)=2%" GBn = 1" (2n® —n)"" .
Corollary 12.2. The multiplicative second hyper status neighborhood index of F, is
16n An
HSN, 11 (F,)=2"" Bn-1D)" (207 =n)"".
Corollary 12.3. The modified multiplicative second status neighborhood index of F, is
1
m —
SN, (F,)= - FRSECTE
2" (3n-1) (2n - n)
Corollary 12.4. The multiplicative product connectivity status neighborhood index of F, is

1
PSNII (F, —.
2 (3n-1)"" (2n* = n)
Corollary 12.5. The multiplicative reciprocal product connectivity status neighborhood index of F, is
4n 2n 2 "
RPSNII(F,)=2" (3n-1)*" (2n% =n)"
Proof: Puta=1,2,-1,-'%, /% in equation (6), we get the desired results.

In the following theorem, we determine the general multiplicative status neighborhood index of a friendship
graph F),.

Theorem 13. The general multiplicative status neighborhood index of friendship graph F), is

snear(F,)=L2(6n-2)"]" o (6n—2)" +(8n* 4n)“]2n

Proof: From definition and by using Table 2, we deduce

sva(F)= ] o, @) +0,() ]

uveE(F”)
n a 2n
~[(6n-2)" +(6n-2)"] x[(én—z)“+(8n2—4n) ]
n a 2n
—[2(6n-2)"] x[(6n—2)“ +(8n> —4n) }

We establish the following results from Theorem 13.
Corollary 13.1. The multiplicative F-status neighborhood index of F, is

FSNII(F,) =8 Gn-1)" x[16n* ~16n° +13n* —6n +1]"

In the following theorem, we compute the multiplicative inverse sum status neighborhood index of F),.

Theorem 14. The multiplicative inverse sum status neighborhood index of a friendship graph F), is
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6n’ =5t 4n |
ISNII(F,)=4*" (3n—1)" {W} .
4n” +n-1

Proof: Using definition and Table 2, we obtain

_ 1 oo, ()
ISN[I(F”) - uvell‘_?([F,z) o, (u) +0o, (V)

_[(611 ~2)(6n —2)}" ){(611—2)(8112 _4n)T"
Len-2+6n-2 6n—2+8n* —4n

2
_42n (3n_1)n|:6n3 —5n2+n:| !
4n* +n-1 '

In the following theorem, we determine the multiplicative harmonic status neighborhood index of F,.

Theorem 15. The multiplicative harmonic status neighborhood index of a friendship graph F, is

HSNII(F,)= ! —.
(6n-2)" (4n2 +n— 1)

Proof: Using definition and Table 2, we have

2
HSNII(F, )= _—
(h)= 1 o em

_( o) )nx( 2 )21’1
6n—2+6n-2 6n—2+8n> —4n

1
(61-2)" (4n2 +n—1)"
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