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1. Introduction

Let G = (V(G),E(G)) be graph with vertex set V(G) and
edge set E(G). All the graphs considered in this paper are sim-
ple and connected. Graph theory has successfully provided
chemists with a variety of useful tools [1, 8, 10, 11], among
which are the topological indices. In theoretical chemistry,
assigning a numerical value to the molecular structure that
will closely correlate with the physical quantities and activi-
ties. Molecular structure descriptors (also called topological
indices) are used for modeling physicochemical, pharmaco-
logic, toxicologic, biological and other properties of chemical
compounds. Zagreb indices were introduced more than forty
years ago by Gutman and Trinajestic [9]. The Zagreb indices
are found to have applications in QSPR and QSAR studies as
well, see [3]. One of the recently introduced indices called
Reverse Zagreb indices by Ediz [5] and he obtained the max-
imum and minimum graphs with respect to the first reverse
Zagreb alpha index and minimum graphs with respect to the
first reverse Zagreb beta index and the second reverse Za-
greb index. Kulli [15, 16] defined first and second reverse

hyper-Zagreb indices of a graph and obtained first two reverse
Zagreb indices, the first two reverse hyper Zagreb indices and
their polynomials of rhombus silicate networks, moreover he
introduced the product connectivity reverse index of a graph G
and obtained it for silicate networks and hexagonal networks.

2. Preliminaries

In this section, we recall some definitions and basic results
of Zagreb index of graph which will be used throughout the

paper.
Definition 2.1. The first Zagreb index is defined as M, (G) =

Y dg(u)?, where dg(u) denote the degree of the vertex
ucV(G)
u in G. In fact, one can rewrite the first Zagreb index as
Mi(G)= ¥ (dg(u)+dg(v)).

uveE(G)

Definition 2.2. The second Zagreb index is defined as M>(G) =

Y de(u)dg(v), where dg(u), dg(v) denotes the degree of
uveE(G)
the vertex u,v respectively in G.

Definition 2.3. Let G be a simple connected graph. Then the
total reverse vertex degree of G defined as TR(G) = Y. «cq,

acV(G)
where c,(G) = Ag —dg(a) + 1, known as reverse vertex de-
gree of a € V(G), in shortly c¢,(G) = ¢, and A denote the
largest of all degrees of vertices of G.

Definition 2.4. Let G be a simple connected graph. Then the
first reverse Zagreb alpha index of G defined as CM{¥(G) =
Y

acV(G)
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Definition 2.5. Let G be a simple connected graph. Then the
first reverse Zagreb beta index of G defined as CMF (G) =

Y (catcp).
abeE(G)

Definition 2.6. Let G be a simple connected graph. Then
the second reverse Zagreb index of G defined as CM,(G) =

Y cucp.
abeE(G)

In [4], the chemical applications of these new indices
have been investigated. In [6], Ediz and Cancan obtained the
reverse Zagreb indices for Cartesian product of two simple
connected graphs. In this extend we obtain the value of this
index for corona product of graphs.

Graph operations play an important role in the study of
graph decompositions into isomorphic subgraphs. The corona
of two graphs was first introduced by Frucht and Harary in
[7]. Let G and H be two simple graphs. The corona prod-
uct Go H, is obtained by taking one copy of G and |V (G)|
copies of H; and by joining each vertex of the i-th copy of
H to the i-th vertex of G, where 1 <i < |V(G)|, see Figure
1. Let the vertex set of G and H denoted as {vi,v2,---, vy, }
and {u,us,--- ,un, } respectively. For 1 <i <ny, denote H'
the i* copy of H joined to the vertex v; and let the vertex
set of H'is {x;1,%i2,*+ ,Xin, }, denoted by Vo = V(H') and let
V) = V(G’), be the vertex set of G, where G’ is a copy of G
which contained in Go H. Coronas sometimes appear in chem-
ical literature as plerographs of the usual hydrogen-suppressed
molecular graphs known as kenographs, see [13] for more in-
formation. Different topological indices such as Wiener-type
indices [2], Szeged, vertex PI, first and second Zagreb in-
dices [18], weighted PI index [14], etc. of the corona product
of two graphs have already been studied. For convenience,
we partition the edge set of G o H into three sets as follow,
E, = {vivj|vi, Vi € V(Gl)}, E, = {x','rxis|x,-,,xis € V(Hi)}
and E3 = {vix;y |vi € V(G'), xir € V(H")}, where 1 < i, j <ny
and 1 <75 < ny. From the structure of the corona product
G and H (see Fig.1), one can easily observe the following
lemma and corollary.

Lemma 2.7. Let G and H be two connected graphs with n;
and ny vertices, respectively. Then

(a) |V(GoH)| = [V(G')|+|V(H')| = ni +nin,

(b) |[E(GoH)| = [E(G")|+|V(G)||E(H)|+V(G)||V(H)| =
Ei+m |E(H)| +niny

dg(a) +na,
dH(a) +1,

ifaeV

(c) dgom(a) = ifacvs
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Fle. 1 The Corona product of Gand H

Corollary 2.8. Let G and H be two connected graphs with n|
and ny vertices, respectively. Then the Aoy = A¢+O(H) =
A + ny.

Proof. Let Ag and Ay be the largest degree of the respective
graph. Since Ay < ny, then one can easily observed from the
structure of corona product of G o H and from lemma 2.7 that
AGon = Ag+na. O

3. Main Results

In this section, we have obtain the reverse zagreb index
of corona two connected graphs using it we have deduced for
some standard graphs .

Proposition 3.1. Let G and H be two connected graphs with
ny and ny vertices, respectively. Then

{

Proof. By using lemma 2.7 and corollary 2.8, we have

¢q(G)
A(GoH)—dy(a)+1

ifaeV;
ifaeV,

3.1)

CGoH (a)

cGon(a) = AGon — dgon(a) +1
- AG+n2—(dg(a)+n2)+l ifaeV;
AG—‘ri’lz—(dH(a)—‘rl)—l-l ifaeV,

. Ag—d(;(a)—l—l ifaeV

N A(;—I-nz—d[.[(a) ifaeV,

B cq(G) ifaeV

B A(GoH)—dy(a)+1 ifacV,

O

Theorem 3.2. Let G and H be two connected graphs with
ny,ny vertices, respectively. Then CM¥(GoH) = CM}(G) +

1 (128341 — 40Gon E(H) + My (H) ).
Proof. Using Proposition 2.3, we have

CM¥(GoH) Y <
acV(GoH)

C
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= YatYa

acVy acV,

=Y (AGOH—dG’(a)+1)2+ ) (AGOH—dHi(a)—i—l)z

acVy acVy
2
= Y (Ao+m)—(dsla)+m)+1)
acV(G)
2
+m Y ((Ac+n2)—(dy(a)+l)+l)
acV(H)
2
- Y (AG—dG(a)+1)
acV(G)
2
+ny Z ((AG—I—nz)—dH(a))
acV(H)
= Z ca +n1( Z (Ag+n2)?
acV (G acV(H)
-2 Z AG—‘rl’lz dH —l— Z dH )
acV(H acV(H

= CMf‘(G) +ny (nzAGoH - ZAGoH(ZE(H)) M (H))
= CM%(G)+n (nzAgoH —4AGopE(H) + M, (H)) .
O

Proposition 3.3. Let P, be a path and K, be a n independent
vertices, withn > 3. Then

(a) CM¥(P,) =n+6,CM{*(C,) = nand CM{¥(K,) =

(b) CMP (P,) = 20, CMP (C,)) = 21 and cMP (K,)) = 0

(c) CMy(P,) =n+1,CM>(C,) =nand CMQ(E )=0.

Lemma 3.4. Let P, be a path and C,, be a cycle with n > 3.
Then TR(P,) = n+2and TR(C,) = n.

The t—thorny graph of a given graph G is obtained as
GoK,, where K, denotes the empty graph on ¢ vertices [12].
Using Theorem 3.2 and Proposition 3.3, for the t—thorny
graph of a graph G, we have the following corollaries.

Corollary 3.5. Let G be a simple connected graph of order
n and size E(G). Then CM¥(GoK,) = CM¥(G) +nt(Ag +
1)2.

Now by using Corollary 3.5 and Proposition 3.3, we
present two formulas for the reverse Zagreb indices of the
t—thorny path B, o K; and the t—thorny cycle C, oK.

Corollary 3.6. Let G be a simple connected graph of order
n and size E(G). Then CM{Y(GoK;) = CM¥(G) +nmt(Ag +
1)2.

Now by using Corollary3.6 and Proposition3.3, we present
two formulas for the reverse Zagreb indices of the ¢ —thorny
path P, o K, and the t—thorny cycle C, o K;.

Corollary 3.7. Forn >3,ifG = P, and H = K;, we have
CM¥(P, oK) = (n+6) +nt(2+1)2.

722

(3.2)

Corollary 3.8. Forn>3,ifG = C, and H = K,, we have
CMY¥(C,oK,) = n(t(2+1)%+1).

Interesting classes of graphs can also be obtained by spe-
cializing the first component in the corona product. For ex-
ample, for a graph G, the graph G o K is called its bottleneck
graph. For the bottleneck graph of a graph G, we obtain the
following corollaries.

Corollary 3.9. Let G be a simple connected graph of order
n>3. Then CM{(GoK>) = CM{(G)+ 18n.

Using Corollary 3.9 and Proposition 3.3, the formulas for
the bottleneck graph of a cycle C, o K> and the bottleneck
graph of a path P, o K; are easily obtained.

Corollary 3.10. Forn>3,ifG =
K>) = 19n.

Cy, we have CM{(C, o

Corollary 3.11. For n >3, if G = P,, we have CM{*(P, o
Kz) = 19n—|—6

Theorem 3.12. For a connected graph G and H with ny,ny
vertices respectively, then CM{3 (GoH) = CM{3 (G)

+ny (ZAGOHE(H) — M (H)) +n1mAGoH —2n1E(H) +n2TR(G).

Proof. Using Proposition 2.3, we have CM{3 (GoH)

= ZabGEl (C(l + Cb) + ZabGEz (CLl + Cb) + Zab€E3 (Cll + Cb) . Let
us calculate each summation separately, for the edge set Ey,

we have Y per, (ca+cp)

= ¥ (Moo —dar(@)+ 1)+ (Mg —dgr(b) +1))
abeE)

((AGJr"r(dG(aH"z)H) )

abeE(G) +H(Ag+ny—(dg(b)+ny)+1)

= Y ((AG—dG(a) +1)+(Ag —dg(b) + 1))

abeE(G)

= Z (ca+cp)

abeE(G)
= cMb(G).

Now for the edge set E», we have ¥ ,cg, (¢a +c5)

- Z ((AGOH_dHi<a)+1)+(AGOH_dHi(b>+1))
abeE,

(Ag+ny—(dg(a)+1)+1)
= ¥ )

abEE(H) +(AG“"”Q*(‘!H (h>+l)+l>

=m0 Y (28cn) — (@) +du(0)))

abeE(H)
- n (ZAcoHE(H) -M, (H)).

Finally for the edge set E3, we have ¥, (ca +¢p)

= T (Ao —dyi(a)+ 1)+ (Agos — gy (b) +1)
abeEs
a €H', beG'

N——
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B ((Ac+n2—(dﬁ(a)+l)+1) ) set E1 we have ¥ upcr, (Cach)

abeEs +(Ag+m—(dg(b)+n2)+1)
@ CV(H), bev(G) = ) ((AGoH—dG'(a)+1)(AGoH—dG/(b)+1))
- I ((Ag 42— du(a)) + (Ag —dg(b) + 1)) o=t
abe - a)+n
a €V(H), ZeV(G) _ Z <(AG+”2 (dg(a)+ 2)+1))
abeE(G) “Aotm—(dg(b)+m)+1)
= Y (Actm-dya) + = Y ((A—dol@)+ (86 —de(b)+1))
(ﬁ;)eEi vG) abeE(G)
a €V , be
= (cacb)
Y (Ag —dg(b)+1) abeZE(G)
a eV(ﬁngeV(G) = CM(G).
= 125 (Ag +n2) — Now for the edge set Ea, we have ¥ ypep, (Cacs)
a €V(H), ieV(G) Z ((A 4 ( ) 1)(A 4 (b) 1))
= oH —dyila)+ oH — Ayi +
bZIE du(a) +n bZ},g (Ag —dg(b)+1) abebs ot ot
ave abe
a €V(H), i3;eV(G) bev(é) . ((AG+"2*(4H(H)+1)+1))
= nimAgoy —m(2E(H)) +na Z Cp labeE(H) (Ag+ny—(du (b)+1)+1)
P A d A dy(b
= mmAcon —2mE(H)+mTR(G). - nlabe%m (( Gott — A1 (@))(Acen) = dn( )>)
, , = m( X (8o —Acon(dn(@)+du(b) +dn(@dn(b)) )
Hence, we have CM| (GoH) =CM{ (G)+n (ZAGoHE(H)— abCE(H)
M](H))Jrn]nzAGoH72n1E(H)+n2TR(G). 0 = nl( Z AZGoH_AGoH Z (dy(a)+du(b))+
abeE(H) abeE(H)

y dH(a)dH(b))

Using Theorem 3.12, Proposition 3.3 and Lemma 3.4, we abeE(H)

have the following corollaries )
= (A E(H) — AgonMy (H) +Mo(H))

Corollary 3.13. Forn>3,ifG = P, and H = K3, we have

CMF (PioKy) = 4(4n+1). Finally for the edge set E3, we have ¥ e, (Cach)
Corollary 3.14. Forn>3,if G = P, and H = K;, we have = Z ((AGoH —dyi(a)+1)(Agon —dg (b) + 1))
cMP (P, oK) = n(?+3t+2) + 2. | bees
_ (Ag+ny—(dp(a)+1)+1)
Corollary 3.15. Forn>3,if G = C, and H = K,;, we have = Z ((AG . (dH : )+1 )
- iy — )+
cMP (C,o0K,) = n(2+3t+2). . gtm—{dolb)ltm)H)
Theorem 3.16. For a connected graph G and H with ny,n; = Z ((AG +ny —dy(a))(Ac —dg(b) + 1))
vertices respectively, then CMy(GoH) = CM,(G) +ny (AZGOHE(H) - 4 ev(tlzf)e,ElS;ev(G)
AGorMi (H) +M> (H)) n (nzAcoH . zE(H)) TR(G). - y ((AG o —dy(a)) (c,,))
beE:
a eV(?—I)7 i:eV(G)
Proof. Using Proposition 3.1, we have
f. g P = Z cpAGoH — Z dy (a)cb
abeEs abcEs
, bev(G , beV(G
CMQ(GOH) _ Z (CaCb) a €V(H), beV(G) a €V(H), beV(G)
abeEGon = mAGon Z Cp— Z dy(a) Z Ch
bev(G V(H beV(G
_ Z (cacb) + Z (cach) + Z (cacb), S ( ) ac ( ) (S ( )
abeE; abeE, abeEs = (n2AGOH — Z dH (a)) Z Cp
acV(H) beV(G)
Let us calculate each summation separately, for the edge = (nzAGoH —2E(H )) TR(G).

723 N
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Hence, we have CMs(G o H) = CMs(G) +ny (AzcoHE(H) -
AGonMi (H) +M2(H)) + (ngAGOH - 2E(H)) TR(G). O

As a direct consequence of Theorem 3.16 and using Propo-
sition 3.3. we have the following corollaries

Corollary 3.17. Forn > 3,if G = P, and H = K3, we have
CMz(Pn OKz) = 16n+3.

Corollary 3.18. Forn>3,if G = B, and H = K,, we have
CMy(P,oK;) = (n+ 1)+ (n+2)(t +2)t.

Corollary 3.19. Forn>3,ifG = C, and H = K,, we have
CM>(C,0K;) = n(t+1)2.

4. Conclusion

In this paper, we have obtained the exact value of the first
reverse Zagreb alpha index, first reverse Zagreb beta index and
second reverse Zagreb index of corona product of two simple
graphs and we have derived these indices for ¢#-thorny graph
and bottleneck graph of path and cycle. It would be interesting
to study mathematical properties of these modified indices
and report their chemical relevance and formulas for some
important graph classes. In particular, some exact expressions
for the first reverse Zagreb alpha index, first reverse Zagreb
beta index and second reverse Zagreb index of other graph
operations (such as the composition, join, disjunction and
symmetric difference of graphs, bridge graphs and Kronecker
product of graphs) can be derived similarly.
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