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Abstract

Topological index is a numerical descriptor of a molecule; it is found that there is strong correlation between the
proerties of chemical compounds and their molecular structure based on a specific topological feature of the
corresponding molecular graph. In this paper, we introduce two new graph invariants known as the Multiplicative Y -
index and Multiplicative S-index of a graph. We establish the upper bounds for the Multiplicative Y-index and
Multiplicative S-index of the graph operations such as Join, Cartesian product, Composition, Tensor product, Strong
product, Disjunction, Symmetric difference, Corona product, Corona join product and the indices are evaluated for some
well-known graphs.
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1. Introduction

Graph theory has given chemists many useful tools, such as topological indices. Molecules and molecular compounds
are frequently represented by molecular graphs. A topological index can be thought of as the conversion of a chemical
structure into a real number. Topological and graph invariants based on distances between graph vertices are widely
used for characterizing molecular graphs, establishing relationships between structural and property, properties of
molecules, predicting biological activities of chemical compounds, and developing chemical applications. Topological
indices have the significance of being able to be used directly as simple numerical descriptors in comparison with
physical, chemical, or biological parameters of molecules in Quantitative Structure Property Relationships (QSPR) and
Quantitative Structure Activity Relationships (QSAR). There are several types of topological indices, including distance-
based topological indices, degreebased topological indices, and counting-related polynomials and graph indices. In
medicinal chemistry and bioinformatics, the current trend of numerical coding of chemical structures with topological
indices or topological coindices has been quite successful.

Let's consider two simple connected graphs, G,, and G,,, each with disjoint vertex and edge sets. For i = m,n, g; and h;
represent the number of vertices and edges. The degree of a vertex v is the number of edges incident on the vertex v

and is expressed as dg(v) = B;(v) for every vertex v € V(G).

In 1972, I. Gutman and N. Trinajstic [5] defined the first and second Zagreb index of a graph as:
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M@= ) B = > [Fe) + )]

veV(G) uveE(G)

M@= ) [B60FV)]

uveE(G)
B. Furtula and I. Gutman defined the F-index as [4] in 2015:
F(G) = Yveve)[Be (¥)*] = Zuver)[Be W) + B (v)?]
In 2020, Abdu Alameri and Noman Al-Naggar [1] introduced the Y-index, which is defined as:
Y(G) = Yvevio)lPe )*] = Yuver)Be W)? + B (v)?]
In 2021, S. Nagarajan, G. Kayalvizhi and G. Priyadharsini defined the S-index as [8]:
S(G) = Yvev(o)|Be )°] = Yuver) B W* + B (v)*]

In 2010, R. Todeschini and D. Ballabio [11] introduced the first and second Multiplicative Zagreb indices of a graph,
which is defined as:

[1.(6) = lvev(e B (v)? and [1,(G) = [Tuwver ) Be (WBs (v)

In 2019, Asghar Yousefi and Ali Iranmanesh [2] introduced the Multiplicative forgotten topological index, which is
defined as:

[7(6) = Tvev(c) Bs (v)°

In (2013) C.D. Kinkar and Y. Aysum [7] derived graph operations in Multiplicative Zagreb indices . K. Xu and K.C. Das
[12] computed the Multiplicative Zagreb coindices in (2013). In [2] Y. Asghar and Ali Iranmanesh (2019) derived the
Multiplicative F-index of graph operations. In this paper, we evaluated few well-known graphs and expressions for the
upper bounds for the Multiplicative Y -index and Multiplicative S-index of various graph operations. Investigators
interested in learning more about graph operations can consult to [1,4,6,9,3,10,13].

Definition 1.1

The Multiplicative Y-index of a graph G is defined as the product of a graph’s four degree vertices and is denoted by:
[Iy(6) = HveV(G) Be(v)*

Definition 1.2

The Multiplicative S-index of a graph G is defined as the product of a graph’s five degree vertices and is denoted by:
[Is(6) = HvEV(G) .BG(V)S

Main Results

Lemma 2.1: [7] (AM-GM inequality)

Let x4, ..., x, be a nonnegative numbers. Then
% > *[x,, ..., x,, holds with equality if and only if x; = x, = -+ = x,,.

Corollary 2.2: For a graph G with n vertices, we've
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H(pn) —16"2, n >3
Y

n(cn) =16", n>3
Y

n(sn) —(-1*% n>3
Y
H(Wn) =34V -1)*% n>3
Y
H(Ln) =3*-D16% >3
Y

[ [0 = -1 n=3
Y

Corollary 2.3: For a graph G with n vertices, we've

H(pn) — 3272 n>3
S

n(cn) —32%, n>3
S

[[s0=0-1D% nz3
S
l_[(wn) =350"U(n-1)°% n>3
S
H(Ln) =3°("132% n>3
S

[ [ =-1on, n=3
S

1.1. The Join of graph

The join G, + G, of graphs G,, and G,, with vertex sets V(G,,) and V(G,) and edge sets E(G,,) and E(G,) is the graph
union G, U G, together with all the edges between V(G,,) and V(G,). Obviously|V (G, + G,)| = |[V(G,)| + |V(G,)| =
Pm + PwlE (G + G| = |[E(G)| + |E(G)| + VGV (G| = Gm + Gn + PmPn-

W) = B, ) + pn, v EV(Gr)
B+, (V) = Be, () + P, v EV(Gy)

Theorem 2.4:
The Multiplicative Y-index of G,,, + G, satisfies the below inequality,

Y(Gm)+4F(Gm)pn+6M1(Gm)p%+8p%qm+p%pm]pm y
Pm

[Ty (G + Ga) < |

[Y(Gn)+4F(Gn)pm+6M1 (Gn)p%+8p%qn+p%pn]p"
Pn
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The equality holds if and only if G,, and G,, are regular graphs.
Proof:

Utilizing the multiplicative Y-index definition,

[Iy (G + Gp) = [vevGp+6y) Bom+a, WD*

= Mhveve,n(Be,, @) + Pn) Tlvevie,y (B, @) + Pm)’

We now have, according to lemma 2.1,

HY(Gm + Gn) <

14 12
Zoev () (Bem @ +pn)* ’”x Toev (e Ben@+om) | "
Pm Pn

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each u,,v,, € V(G,,) and u,v, €
V(Gn);
4 4 4 4
(.BGm(um) + pn) = (.BGm(vm) + pn) and (.BGn(un) + pm) = (,BGn(vn) + pm)
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
BGm (um) = .BGm(vm)' .BGn(un) = BGn(vn)

G, and G,, are thus both regular graphs and we receive the complete result.
Theorem 2.5:

The Multiplicative S-index of G,,, + G,, satisfies the below inequality,

S(Gm)+5Y(G +10F (G P2 +10M1 (G D3 +10pE qm+p3 Pm
HS(Gm + Gn) < [ (Gm) (Gm)pPn (Gm)pn 1(Gm)pn Pndm pnpm] x

Pm

[S(Gn)+5Y(Gn)pm+10F(Gn)p%1+10M1 (Gn)pfn+10pfnqn+p$npn]p"
Pn

The equality holds if and only if G,, and G, are regular graphs.
The Cartesian product of graph
The Cartesian product G,, X G, of graphs G,, and G, v has the vertex set V(G,, X G,) = V(Gy,) X V(G,) and (u, x)(v,y)
is an edge of G, X G, ifuv € E(G,,) and x =y, or u = v and xy € E(G,).Obviously,|V(G,, X G,)| = |[V(G)IIV(G,)| =
PmPn |E(Gp X Gp)| = |[E(GIV (G| + |[EG)IIV(Gr)| = qmPn + qnDm-

Bemxcn (X1, %2) = Bg,, (x1) + Bg, (x2)

Theorem 2.6:

The Multiplicative Y-index of G,,, X G,, satisfies the below inequality,

(Gr)+PmY (Gr)+8F (G) qn+6M1 (Gr) M1 (Gp)+8F (G ) qm |PmPn
G.. XG < [pnY m m n m)dn m n n m]
HY( m n) PmPn

The equality holds if and only if G,, and G,, are regular graphs.
Proof:

Utilizing the multiplicative Y-index definition,
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[Ty (G X Gr) = w00V G xGr) Bmx6n Vims vt

4
= Mopner 6 Monevow (B V) + Bay ()

We now have, according to lemma 2.1,

49PmPn
Yvmev(Gm) Zvnev(cn)(ﬁcm(Vm)+li‘an(vn)) ]

HY(Gm X Gn) < [ DPmPn

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each (u,,, u,,), (U, v,) € V(G)

(B ) + B ) = (B ) + B ()
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
ﬁam (um) = ﬁcm (Vm), :BGn (up) = ﬁcn (vn)
G,, and G,, are thus both regular graphs and we receive the complete result.
Theorem 2.7:

The Multiplicative S-index of G,,, X G,, satisfies the below inequality,

PnS(Gm)+PmS (Gr)+10qnY (Gm)+10F (Gm) M1 (Gr) +10F (Gp)M1 (Gp)+7PmPn

MG X Go) < ol
PmPn

The equality holds if and only if G,,, and G,, are regular graphs.
The Composition of graph
The Composition G,,[G,] of graphs G,, and G,, with disjoint vertex sets V(G,,) and V(G,) and edge sets E(G,,) and
E(G,) is the graph with vertex set V(G,,) X V(G,) and u = (u,, v,) is adjacent to v = (u,, v,) whenever u, is adjacent
to u, or uy = u, and v, is adjacent to v,. [V(Gn[GD| = VGV (G| = Dmpn , |E(GulG DI = |EGIIV(GI? +
V(GIIE (G| = qmpnz + qnDm-

Bémicn) (X1, %2) = PrPBa,, (1) + Bg, (x2)
Theorem 2.8:

The Multiplicative Y-index of G,,[G,,] satisfies the below inequality,

H (G [G ]) < [p‘;sly(Gm)‘i'me(Gn)+8F(Gm)p%qn+6p.,21M1(Gm)Ml(Gn)+8F(Gn)pnqm
Y\UmlLYn =

] PmPn
PmPn

The equality holds if and only if G,, and G,, are regular graphs.
Proof:

Utilizing the multiplicative Y-index definition,
[Ty (G [Gn]) = v, 0)evGmicnD Bemlen] Wms v)*
4
= Moyner ) Monevenw (PrBew @m) + Be, (@)
We now have, according to lemma 2.1,
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49PmPn
YomeV (Gm) Zvnev(Gn) (Pnﬁcm (wm)+Bay, (Vn))
<
I (Gl < | ol

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each (u,,, u,,), (U, v,,) € V(G)

(PaBn ) + B 1)) = (P (o) + By ()
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
BGm(um) = ﬁcm (W), .BGn(un) = ﬁcn (vn)
G,, and G,, are thus both regular graphs and we receive the complete result.
Theorem 2.9:

The Multiplicative S-index of G,,,[G,,] satisfies the below inequality,

PESGm)+DRY (G)+PmS (Gr) +10p2F (Gn)My (Gm) +10P3F (Gim) M1 (G) +]P P

10Y(Gn)Pndm+10Y (G)PAdn
<
HS(Gm [Gn] ) — PmPn

The equality holds if and only if G,, and G, are regular graphs.
The Tensor product of graph
The Tensor product G,,®G,, of graphs G,, and G, has the vertex set V(G,,®G,, ) = V(G,,) X V(G,) and (u,x)(v,y) is an
edge of G, ® G, if uv € E(G,,) and xy € E(G,) . Obviously, |V(G,®G,)| = V(G IV (G,)| = pmbn |E(CrRG,)| =
2|E(GIIIE (G| = 2qmGn.
:BGm®Gn(x1:x2) = ﬁcm (x1)ﬁcn(xz)

Theorem 2.10:
The Multiplicative Y-index of G,,,®G,, is determined by

[y (Gn®Gp) = [y (Gn) [1y(G)

Proof:

Utilizing the multiplicative Y-index definition,

[y (Gn®G,) = H(um,vn)ev(am®cn) Bam®an (v)*

4 4
= HumEV(Gm) (ﬁam (um)) aneV(Gn) (B(;n (un)>

We receive the complete result.

Theorem 2.11:

The Multiplicative S-index of G,,®G,, is determined by

HS(Gm®Gn) = HS(Gm) HS(Gn)

The Strong product of graph
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The Strong product G, * G, of a graphs G,,, and G, is a graph with vertex set V(G,,) X V(G,) and any two vertices
(up,vr) and (uq, vs) are adjacent if and only if [up =u, and v,vg € E(Gn)] or [vr = v, and uyu, € E(Gm)] or [upuq €
E(Gy,) and v, v € E(Gy) | : [V (G * G )| = VGV (G| = PP s [E(Gy * Go)| = [E(G)IIV (G| +
IV(GIEGR] + 2|E(GrIIE(G)] = mpPn + Pmdn + 20mn-

BGm*Gn (x1,x2) = ﬁcm (x) + ﬁGn (x2) + ﬁcm (M)ﬁcn (x2)
Theorem 2.12:
The Multiplicative Y-index of G,,, * G,, satisfies the below inequality,

rY(Gm)[4F(Gn)+6M1(Gn)+8Qn+Pn]+Y(n)[4F(Gm)+6M1(Gm)+8qm+pm]]pmpn
+4F (Gm)[3M1(Gp)+2qn]+4F (Gp)[3M1(Gm)+2qm]+Y (Gn)Y (Gn)
6M1(G)M1(Gn)+12F(G)F(Gy)
HY(Gm * Gn) < me—l I;:npn = =

The equality holds if and only if G,,, and G,, are regular graphs.

[

Proof:

Utilizing the multiplicative Y-index definition,

HY(Gm * Gn) = H(vm,vn)EV(Gm*Gn) :BGm*Gn (Umr Un)4

= vaEV(Gm) anEV(Gn) (ﬁGm (Um) + ﬁGn (Un) + BGm (Um)ﬁcn (Un))4

We now have, according to lemma 2.1,

49PmPn
0,6, % G,) < [vaev(cm)Zvnev(cn)(ch(vm)+ﬁcn(vn)+l3’cm(vm)BGn(Vn)) ]
Y m n’; —

PmPn

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each (u,,, u,,), (U, v) € V(G)

(B ) + By ) + B umdBen (1)) = (B W) + B () + By 0B ()
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
3Gm(um) = .Bam (Vm), .Bcn(un) = Ban (vn)
G,, and G,, are thus both regular graphs and we receive the complete result.
Theorem 2.13:

The Multiplicative S-index of G,, * G, satisfies the below inequality,

[ SGm)[Pn+S(Gr)+10qn+5Y (Gp)+10M1(Gr)+10F(Gp)]+ ]pmpn
S(M)[Pm+10qm+5Y(G) +10M7 (G)+10F (Gp)]+Y (Gr)

| [10G5+20Y (Gp)+20M1 (Gp) +30F (Gp)]+10F (Gp) M1 (Gpn) |

Y(Gm)[10g:m+20M1 (Gm)+30F (Gin)]+F (Gm) [10M1 (G ) +30F (G)]

PmPn

[Is(Gm * Gp) <
| J'
The equality holds if and only if G,, and G,, are regular graphs.

The Disjunction of graph
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The Disjunction G, V G, of a graphs G,, and G,, is the graph with vertex set V(G,,) X V(G,) and u,v, is adjacent with
UV3 whenever UjUy € E(Gm) and V103 € E(Gn) . |V(Gm v Gn )l = |V(Gm)”V(Gn)| = PmPn > |E(Gm \4 Gn)l =
|E(Gm)||V(Gn)|2 + |V(Gm)|2|E(Gn)| - zlE(Gm)”E(Gn)l = Qmp% + prann = 2qmYn-

Be,vGy (X1, %2) = PnBe,, (1) + PmBa, (x2) — Be,, (x1)Ba, (x2)
Theorem 2.14:
The Multiplicative Y-index of G,,, V G, satisfies the below inequality,
[ DY (Gr) [P +6PmM1 (Gm)—4F (Gm)—~8D5dm]|+12PmPnF (Gm)F (Gr)+ TP P

4pFPnF (Gn)[2Dmam—3M1(Gm)]+6p5pAM1 (Gr) M1 (W) +Y (Gm)Y (G) +
PnY (Gm) [PA+6PnM1(Gn)—4F (Gn)—8DAqn|+4DEDmF (Gm)

[2Pnqn—3M;(Gn)]
<
T (G V G) < ot

The equality holds if and only if G,,, and G,, are regular graphs.
Proof:

Utilizing the multiplicative Y-index definition,

HY(Gm \ Gn) = H(vm,vn)EV(GmVGn) ﬁvaGn (Um: Un)4

= [lopev e Hvmeven (Pnﬁcm (W) + PmBe, () — ﬁGm(vm)BGn(vn))4

We now have, according to lemma 2.1,

HY(Gm \ Gn) <

44PmPn
Xvmev(Gm) Zvnev(cn)(Pn[fcm Wm)+PmBGy ©n)—Bem (vm)Bay (Un)) ]
PmPn

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each (u,,, u,,), (U, v,) € V(G)

4 4
(PuBo (m) + DBy () = B ) By () = (DB V) + DBy W) = By (V) B () )
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
ﬂGm(um) = .BGm (Vm), .BGn(un) = ,BGn (vn)
G,, and G,, are thus both regular graphs and we receive the complete result.
Theorem 2.15:
The Multiplicative S-index of G, V G, satisfies the below inequality,
[ PnS(Gm)[Ph+10pEM1 (Gn)—10P3dn—10PnF (Gn)+5Y (6n)]-5(Gm)S(Gr) TPP™
PmSGn) [P +1005M1(Gin) ~10Pidim—~10PpmF (Gm)+5Y (Gm)] +
PmPnY (Gm)[10p7qn—20PF M1 (Gn)=20Y (G) +30pnF (G)|+PmPnF (Gm)
[10P7pmM1(Gn) +30DmY (6n)=30pmPnF (Gn)|+10p7APMF (Gr)M1 (Gm)+

3 2
G. VG)< PmPnY(Gn)[10pmqm_20pmM1(Gm)]
HS( m n) DPmbPn
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The equality holds if and only if G,, and G,, are regular graphs.
The Symmetric difference of graph
The Symmetric Difference G,, @ G, of two graphs G, and G, is a graph with vertex set V(G,,) X V(G,) and
E(Gm @ Gy) = {(uy, ux) (vy, v5) /uy vy € E(Gy) o7 upv, € E(Gy) but not both } [V (Grn®Gp )| = VGV (G| =
PmPn » |E(Gm®Gn)| = |E(Gm)| |V(Gn)|2 + |V(Gm)|2|E(Gn)| - 4‘|E(Gm)| |E(Gn)| = Qmprzl + p?%iQn — 4qmqn.

Be,@G, (X1, X2) = PuBe,, (X1) + PmBa, (x2) — 2B5,, (x1) B, (x2)
Theorem 2.16:

The Multiplicative Y-index of G,, ®G,, satisfies the below inequality,

FDmY (Gn) [py +24Dm My (Gm) —32F (Gm) —~16p%Gm]| +48Pmpn F (Gm)F (Gp) T7™P™
+8PHPnF (Gr)[2Dmam—3M1(Gm)]+6pFHpAM1 (Gm)M1 (1)
+PnY (Gm) [Pk +24Dn M1 (G) —32F (G)— 16pF an | +8pADmF (Gin)
[2Pnqn—3M1(Gp)]+16Y (Gn)Y (Gpn)
HY(Gm®Gn) < DPmPn

The equality holds if and only if G,, and G, are regular graphs.
Proof:

Utilizing the multiplicative Y-index definition,

[y (Gn®G,) = H(vm,vn)EV(GmeaGn) .BGm@Gn (V) Un)4

= [lopev o Hvmeven (Pnﬁcm () + PmBe, () — ZﬁGm(vm)BGn(vn))4

We now have, according to lemma 2.1,

49PmPn
PnBGm Vm)+PmBey, Wn) =286y, vm)Bay (Un)) ]

Zomev(Gm) ZVnEV(Gn)(
<
I (606 < | ik

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each (u,,, u,,), (U, v,,) € V(G)

(PaBe ) + DB () = 2By () (1)) = (P (Un) + Py (00) = 2B (VB ()
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
ﬂam (uy) = ﬁcm ), ﬁGn (up) = Ban (vn)
G,, and G, are thus both regular graphs and we receive the complete result.
Theorem 2.17:

The Multiplicative S-index of G,,®G,, satisfies the below inequality,
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[ an(Gm)[p;l'1+4'0p121M1(Gn)—ZOP%qn_gopnF(Gn)‘*‘80Y(Gn)]+pms(Gn) PmPn
[P +40D5 M1 (Gmn)—20D3Gm —80DmF (Gm)+80Y (Gm) | +PmPnY (Gm)
[10p3 qn—40p3M1 (Gn)—160Y (Gr)+120pnF (Gp) | +PmPnF (Gm)
[10PZPmM1(Gn)+120pmY (Gn)—60pmPnF(Gn)|+10pE D35 F(Gn) M1 (Gm)+
(G ®G,) < PmPnY (Gn)[10p3 qm—40pFM1 (Gm)]-325(Gn)S (Gn)

SiHm n Pmbn

The equality holds if and only if G,,, and G,, are regular graphs.

The Corona product of graph

The Corona product G,,®G, of graphs G, and G, with disjoint vertex sets V(G,,) and V(G,) and edge sets E(G,,) and
E(G,) is the graph obtained by one copy of G,,, and k, copies of G, and joining the i*" vertex of G,, to every vertex in i‘"
copy of G, . Obviously, [V(Gn,OG|= V(G| + VGV (G| =Pm + PmPn, |E(GrOGy)| = |E(Gy)| +
[V (GINE (G| + [V GV (G| = qm + PmAn + DmPn -

_ .BGm(v) + Pn, V € V(Gm)
Bomoon M) =15 ) +1, veV(Gy)

Theorem 2.18:

The Multiplicative Y-index of G,, ©G, satisfies the below inequality,

[T, (G, OG,) < [Y(Gm)+4F(Gm)pn+6M;(Gm)p%+8p%qm+p;‘1pm]”m y
m

[Y(Gn)+4F(Gn)+6M1(Gn)+8qn+pn]pmp"
Pn

The equality holds if and only if G,, and G, are regular graphs.
Proof:

Utilizing the multiplicative Y-index definition,

[y (GrOG,) = Hvev(am(aan) ﬁcmecn (v)*

= HveV(Gm)(ﬁGm w) + Pn)4 X [HvEV(Gn)(IBGn(U) + 1)4]pm

We now have, according to lemma 2.1,

[y (G OG,) <

P
Toev(G) Bom @)+pn) " ’”X Svev(Gp)(Bayn ) +1)
Pm Pn

4:|me11

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each u,,v,, € V(G,,) and u, v, €
V(Gy),

(B i) + 1) = (B, (o) + 1) and (B, () +1)" = (B, (va) + 1)
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
ﬁGm (um) = .[;Gm(vm)' .BGn (un) = ﬁGn (Un)

G,, and G, are thus both regular graphs and we receive the complete result.

254



World Journal of Advanced Engineering Technology and Sciences, 2024, 11(02), 245-256

Theorem 2.19:

The Multiplicative S-index of G,,©G,, satisfies the below inequality,

S(Gm)+5Y(G F10F (G P2 +10M1 (Gr)p3 +1002 G +pSpm 1P™
[s(G,OG,) < [ (Gm)+5Y(Gm)Pn @ m)p; 1(Gm)Pnt10Ppnqm pnpm] %
m

[S(Gn)+5Y(Gn)+10F(Gn)+10M1(Gn)+10qn+pn]p'ﬂ
Pn

The equality holds if and only if G,, and G,, are regular graphs.
The Corona join product of graph
Let G,,,(k4,j1) and G, (k,, j,) be simple connected graphs, and the Corona join graph of G,, and G, is obtained by taking

one copy of G, k, copies of G,, and joining each vertex of the i*" copy of G, with all vertices of G,,. The degree of a
vertex v of G,,,®G,, is defined as:

+ PmPn V(G
cheacn(v):{ﬁ O (V) + Pubr V€ TE )}

.BGn (U) + Pm > v E V(Gn)
Theorem 2.20:

The Multiplicative Y-index of G,,®G,, satisfies the below inequality,

Y (Gim) +4F (Gm)PmPrt+6M1 (Gr) PEDE +805p3am +oipm P
[Ty (G ®Gy) < | x

Pm

[Y(Gn)+4F(Gn)pm+6M1 (Gn)pfn+8p$nqn+p$npn]”m”"
Pn

The equality holds if and only if G,, and G, are regular graphs.
Proof:

Utilizing the multiplicative Y-index definition,

[y (Gn®G,) = Hvev(amean) ﬁcmeecn (v)*

= HUEV(Gm)(ﬁGm ) + pmpn)4 X [HveV(Gn)(ﬁGn(U) + pm)4]pm

We now have, according to lemma 2.1,

41PmPn

[y (G ®Gy) <

p.
ZveV(Gm)(BGm (V)+pmpn)4 m x ZVGV(Gn)(ﬁGn (V)"'pm)
Pm Pn

We get the inequality. The inequality exists, according to lemma 2.1, if and only if for each u,,v,, € V(G,,) and u, v, €
V(G

(B () + PmPn)” = (Boyy (W) + Pmn)” and (B, (n) + )" = (B, wn) + )’
As aresult, for each u,,v,, € V(G,,) and u,v, € V(G,),
5Gm (um) = ﬁGm(v‘m)' ﬁGn(un) = BGn(vn)

G,, and G, are thus both regular graphs and we receive the complete result.
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Theorem 2.21:

The Multiplicative S-index of G,,®G,, satisfies the below inequality,

S(Gm)+5Y (Gm)PmPn+10F (Gm)PZpA+10M1 (Gr) D3 +10pmmph qim P ™

5,6
HS(GmeaGn) < +PnPm X

Pm

[s(cn>+5Y(Gn)pm+10F<on)pfn+10M1(Gn)p%+10p,%qn+p$npn]”"
Pn

The equality holds if and only if G,,, and G,, are regular graphs.

2. Conclusion

Topological indices are defined and used in many fields to investigate the properties of various objects such as atoms
and molecules. Mathematicians and chemists have defined and studied a number of topological indices. We investigated
upper bound for the Multiplicative Y -index and Multiplicative S-index of various graph operations such as Join,
Cartesian product, Composition, Tensor product, Strong product, Disjunction, Symmetric difference, Corona product,
Corona join product and few well known graphs are evaluated in this work.
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