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ANALYZING THE EXPRESSIONS OF 7:-CORONA
COMPOSITE GRAPHS VIA ZAGREB INDICES

MANJUNATHA GALI' D. G. PRAKASHA? AND CHETANA GALI®*

ABSTRACT. To enrich the field of transformation graphs, we put forward four
T1-Corona composite graphs. The Zagreb indices plays vital role in chemical
graph theory. In this paper, we obtain the explicit expressions for first and
second Zagreb indices of T7-Corona composite graphs.

1. INTRODUCTION AND PRELIMINARIES

A structural representation of a chemical compound is a molecular graph. The
atoms of chemical compound represent the vertices and chemical bonds represent
the edges of the molecular graphs. Topological index is a unique number that
dogmatise some physico-chemical properties of a chemical compound. The appli-
cations of topological indices are usually associated with quantitative structure
property relationship (QSPR) and quantitative structure activity relationship
(QSAR) [9, 10].

All graphs in this paper are finite, simple and connected. Let V(G) be the
vertex set and E(G) be the edge set of a graph G. The degree of a vertex v in G
is the number of vertices adjacent to u and denoted by dg(u). The degree of an
edge e = uv is defined as dg(e) = dg(u) + dg(v) — 2. The number of vertices and
edges of G are denoted by ng and mg respectively. For undefined terminologies
refer [5].

The first and second Zagreb indices [1] are introduced by Gutman and Trina-
jsti¢ in the year 1972, and are respectively defined as

Z da(u Z de(u) + d(v) (1.1)

ueV(G) weFR(G)

> de(u) de(v). (1.2)

weFE(G)

and

The F-index [3] is another vertex degree based molecular descriptor defined as

Z dG Z dG —l—dg(v)2. (13)

ueV (G weE(G)
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—

Milicevié et al. [7] in 2004 reformulated the Zagreb indices in terms of edge-
degrees instead of vertex-degrees.
The first and second reformulated Zagreb indices are defined respectively as

EM(G) = 3 dole = Y lda(e) +da(f)]
)

ecE(G e~f

and

EM(G) =) da(e) da(f).

e~ f

For more study on Zagreb indices of transformation graphs, one can refer [1,
2, 6].

The corona [5] G o H of two graphs G and H is the graph obtained by taking
one copy of graph G and ng copies of H, and then joining the ith vertex of G to
every vertex in ith copy of H.

The order and size of GoH are ng(14+ny) and mg+negmy+neny, respectively.
The degree of a vertex x € V(G o H) is given by

dg($) +ng if x € V(G),

deon (¥) = { dy(z)+1 if x € V(H). (1.4)

Sampathkumar and Chikkodimath introduced the concept of semitotal line
graph. The semitotal line graph is also known as edge semitotal graph or middle
graph or Q-graph.

The semitotal line graph [8] T1(G) of G is the graph whose vertex set is V/(G) U
E(G) whose two vertices are adjacent if and only if (i) they are adjacent lines of
G or (ii) one is vertex of G and the another is an edge of G incident with it.

In section 2, we introduce Ti-Corona composite graphs. In section 3 and 4,
we give expressions for first Zagreb index and second Zagreb index of T;-Corona
composite graphs.

2. Ti-CORONA COMPOSITE GRAPHS

In this section, we introduce four 7i-Corona composite graphs namely, T;-
vertex corona, Ti-edge corona, T}-vertex neighborhood corona and 77-edge neigh-
borhood corona involving semitotal line graph and are defined as follows:

Definition 2.1. The T)-vertex corona of G and H, denoted by T1(G) ® H is the
graph obtained from one copy of T}(G) and ng copies of H, and then joining a
vertex of V(G), that is on the ith position in T1(G) to every vertex in the ith
copy of H.

The graph T1(G) ® H has a number of ng + mg + ngny vertices and mg +
negmpy + ngnyg edges. The degree of a vertex x € V(T1(G) ® H) is given by

dg(m) +ng if x € V(G),
drycyon(z) =< de(x)+2 if x € E(G), (2.1)
dg(x)+1 if x € V(H).
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Definition 2.2. The Ti-edge corona of G and H, denoted by T1(G) © H is the
graph obtained from one copy of T} (G) and m¢ copies of H and joining a vertex
of E(G), that is on ith position in T7(G) to every vertex in the ith copy of H.

The graph T1(G) © H has ng + mg + mgny number of vertices and mg +
%Ml(G)+meH+mGnH number of edges. The degree of a vertex x € V(T (G)©&
H) is given by

dg(z) if x € V(GQ),
dTl(G)eH<I> = dg(x) +24nyg if x € E(G) (22)
dy(x)+1 if x € V(H).

Definition 2.3. The T)-vertex neighborhood corona of G and H, denoted by
T1(G) [ H, is the graph obtained from one copy of T3(G) and ne copies of H and
joining the neighbors of a vertex in T;(G) corresponding to a vertex of GG, that is
on the ith position in 71(G) to every vertex in the ith copy of H.

The graph T} (G) H has ng+mg+ngny vertices and mG—i—%Ml(G)—i—nGquL
2meny edges. The degree of vertices of T1(G) D H is given by :

dTl(G)BH(U) = (U qu € V(G),
dTl(G)DH 6) = (6) 4+ 24 2ny zfe < E(G) (23)

dryoou(v) = dy(u)+de(u) ifu € V(H),u e V(G).

da
da
In the last expression, v’ € V(H) is the vertex in ith copy of H corresponding to

ith vertex u € V(G) in T1(G).

Definition 2.4. The Ti-edge neighborhood corona of G and H, denoted by
T1(G) B H, is the graph obtained from one copy of T1(G) and mg copies of
H and joining the neighbors of a vertex in T;(G) corresponding to an edge of G,
that is on the ith position in T} (G) to every vertex in the ith copy of H.

The graph T1(G) B H has ng + mg + mgny vertices and mg + My (G)[ny +
%] + mgmpy edges. The degree of vertices of 17(G) B H is given by:

G(@)(l + nH) + 2 z'fe € E(G) (24)

3. FIRST ZAGREB INDEX OF T}-CORONA COMPOSITE GRAPHS

Theorem 3.1. Let G and H be two connected simple graphs. Then
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FIGURE 1. (CL) Tl(P4) ® PQ, (b) Tl(P4) &) P27 (C) Tl(P4) CJ PQ, (d)
Ti(P,) B P,

Proof. Using (2.1) in equation (1.1), we get
M{(T\(G)© H) = Y (de(w)+ny)’+ Y (da(e) +2)* +ne > (du(w)+1)?

ueV (G) e€E(Q) u' eV (H)
= Y {de(w) +ni + 2npde(u)} + > {dale)’ + 4+ 4dg(e)}
ueV(G) e€cE(GQ)
+ ng {dH(’LL/>2 +1+ QdH(/LL/>}

uw'eV(H)

1
= (A/[l(G) + n%{nG + 4nng) + EMl(G) + 4mG +8 —mg + 5 Z dG(u)Q
ueV(G)
+ nG{M’l(H) +ng+ 4m[[}

= My (G) + njng + dngmg + EM,(G) + 4mg — 8mg + 4M;(G)
+ng{M(H) + ng + 4mpy}
= 5My(G) + EM(G) + ngMi(H) + ng(n3 + ng + 4my) + 4mg(ng — 1).
O
Theorem 3.2. Let G and H be two connected simple graphs. Then

M(T(G)S H) = (2ng +5)MI(G) + EM(G) + me M (H) + ma(ng — 2)(ny + 2)
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Proof. Using (2.2) in equation (1.1), we get

My (TY(G Z do(?+ 3 [dale) + (mu + 2P +me 3 (duu) +1)?

ueV (G ecE(Q) u'eV(H)
= M(G) + EMy(G) + (ng + 2)°mg + 2(ng + 2) [2 (—mG + %Ml(G))}
= M (G) + EM\(G) + (nyg + 2)’mg — 4(nyg + 2)me + 2(ng + 2) My (G)

+mg(ng +4mpy).

Theorem 3.3. Let G and H be two connected simple graphs. Then

M(T(G)DH) = 5(ng+1)M(G) + EM,(G) + neM,(H) + dma(ng + 1)

+ 8mg(myg —ng —1).

Proof. Using (2.3) in equation (1.1), we get

My (T (G Z de(w)’+ Y [dale) +2(ng + ) + > [de(w) + dp(u))?

ueV (G ecE(G) ueV(G)u' eV (H)

= Mi(G) + EM(G) + 4ma(ng + 1)* +4(ny + 1) {2 (—mc + %Ml(G)ﬂ

tng Y de(u)* +ng Z dy(u')? + 2 Z do(u)- Y du(

ueV(G) eV (H ueV (G u' €V (H)
= M (G)+ EM;(G) + 4mg(nH +1)% — 8mg(nH + 1)+ 4(ny + 1) M;(G)
+ngM(G) +neM(H) + 8mgmpy
=5(ng + 1)M(G) + EM(G) + ngM,(H) + 4ma(ng + 1)

+ 8mg(mH — Ny — 1).

Theorem 3.4. Let G and H be two connected simple graphs. Then

M(TW(G)BH) = [(ng+1)(ng +5) +4(ng +mu)|Mi(G) + [(ngr +1)° + ng] EMy (G)
+ mng(H) - 4mG(3nH + 1)
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Proof. Using (2.4) in equation (1.1), we get
Mi(TW(G)BH) = > [(ng + Dda()? + Y [(ng + 1)dgle) + 22
ueV(Q) e€E(G)

+ Y ldale) + du(v) + 2

e€cE(G) ;W eV (H)

= (ng + 1)°M(G) + (ng + 1)’ EM,(G) + 4mg + 4(ng + 1) [2 (—mG + %MﬂG))]
+ mng(H) + nHEMl(G) + 8meH — 8mGnH + 47"LHM1(G>

— 8memp + dmg M, (G) + dngme

= [(ng + 1)(ng + 5) + 4(ngr +my)]Mi(G) + [(ng +1)* + ny] EM(G)
+mgM,(H) — 4mg(3ny + 1).

0J

4. SECOND ZAGREB INDEX OF T;-CORONA COMPOSITE GRAPHS

Theorem 4.1. Let G and H be two connected simple graphs. Then

My(Ty(G) © H) = 2(ng + 1)M(G) + 2My(G) + 2EM,(G) + EM(G) + F(G)
+nc{M(H) + My(H)} +neng(ng + 2mpy) + my(ng + 4mea) + ma(2ng — 4).

Proof. Using (2.1) in equation (1.2), we get
My(Th(G) ® H) = Z [(da(a) +2)(da(b) + 2)] + ng Z [(dp(u") 4+ 1)(dg (V") + 1)]
a~b 5 a,beE(Q) u'v' €E(H)
+ ) [(de(w) + np)(dale) + 21 + > [(da(u) + ny)(du(v') + 1)]

urve ur~u’

+ Z [da(u) + da(v) + 2ng[de(u) + da(v)]

+ Z w+ng) o > (dp(u)+1)

ueV(G) W€V (H)
= EMy(G) +2EM,(G) — 4me + 2M1(G) + ng[Ma2(H) + My (H) + my]
+ F(G) + 2M5(G) — 2M1(G) — dngmg + 2nyg My (G) + 2M(G) + dngmg
+dmempy + 2ngma + 2ngngmpyg + n%,ng
= 2(ny + )M (G) + 2My(G) + 2EM,(G) + EMo(G) + F(G)
+ng{M(H) + My(H)} + ngnyg(ng + 2mpy) + my(ng + 4meg) + mg(2ny — 4).

O
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Theorem 4.2. Let G and H be two connected simple graphs. Then
(ng +2)°

+ me{M(H) + My(H)} + (ng + 2) EM(G) + EMy(G)
+ mg[n% — (HH -+ 2)2] -+ meH(QTLH + 1).
Proof. Using (2.2) in equation (1.2), we get

My(Ti(G)o H)= Y [(de(a) + ng +2)(de(d) + ng +2)]
a~b ; a,be E(G)
+me Y [(du(u) +1)(dg (V) + 1)]
u/v'eE(H)
+) [(da(u e)+ny +2)]+ > [(du(u) +1)(da(e) + ny + 2)]

ur~e u~e

+me{Mi(H)+ My(H) + my} + Y [de(u) + de(v)][da(u) + de(v) + ]
weFE(G)

+ Z (dg(u )- Y (dale) +npy +2)

u'eV(H ecE(G)

= EMy(G) + (ng + 2) EMy(G) — (ng + 2)*me + (s 2+ 2)21\41(@

+me{M(H) + My(H) + mp} + F(G) + 2M3(G) + ng M, (G)

+ (2mpy +npy) {2 (—mG + %MI(G)> + (ng + 2)mg}

_ [(”H; 2)° +2(ny + mH>] My (G) + 2Ms(G) + F(G) + ma{M,(H) + My(H)}
+ (2 +ng)EM(G) + EMy(G) + mg[n¥y — (ng + 2)*] + memu(2ny + 1).

O]
Theorem 4.3. Let G and H be two connected simple graphs. Then
My(Ty(GYB H) = [2(ng +1)* + 6ny + 5my| My (G) + 6My(G) + 3F(G) + 2(ny + 1) EM,(G)
+ EMy(G) 4 2mgM,(H) + ngMy(H) + dma{2ngmy — (ng + 1)}
Proof. Using (2.3) in equation (1.2), we get
My(Ty(G)EH) = Y [de(a) +2(ny + 1)][da(b) + 2(ny + 1)]

a~b; a,be E(G)

+ 3 [(da () + da(u)(da(e) + 2+ 2ng)] + Y _[(da(w))(d(e) + 2 + 2ny))]

u’~ve u~e

Y ) + dow)]fd(e) + do(u)

ueV(G) uv' eV (H)
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u’ and v’ are the vertices of H corresponding to a vertex u of G.

2
+2 ) du(W) Y [da(e) + 2+ )] +3 Y [da(u) + da(v)][da(w) + da(v) + 2n4]
uw'eV(H) ecE(Q) weF(G)
tmy Y de(w)?+ Y de(w) Y [duw) +du()] +ne Y [du(u) - du(v)]
ueV(G) ueV(G) u'v'eE(H) u'v'eE(H)

= EMy(G) +2(ng + DEM(G) — 4mg(ng + 1)? +2(ng + 1) M (G)

+ dmy{M;i(G) + 2nyme} + 3{F(G) + 2M3(G) + 2ny M;(G)}

+mpMi(G) + 2meMy(H) + neMy(H)

= [2(ng + 1)* + 6ng + 5Smp| M (G) + 6Mz(G) + 3F(G) + 2(ng + 1) EM,(G)
+ EMs(G) + 2meMyi(H) + ngMo(H) + 4me{2ngmpg — (ng + 1)2}.

Theorem 4.4. Let G and H be two connected simple graphs. Then

My(ThW(G)BH) = 2ng(my —ng +1)+3(my + 1)|Mi(G) +2(ng + 1)2ng + 1) Ms(G)
+ (ng+1)2ng +1D)F(G)+ 2(ng + 1)(ng +myg + 1) + 2ng + 1)|EM,(G)
+ (ng+1)Bng + 1) EMy(G) + My(G)M,(H) + maM,y(H)
— 8mg(ng +my +1).

Proof. Using (2.4) in equation (1.2), we get

My(TW(@)BH)= Y [da(a)(ny +1) +2)[de(b)(ng + 1) +2]
a~b ; a,be E(G)

+ ) lde(u)(ny + 1)][da(e)(ny + 1) + 2]

ur~e

+ Y Y () +dale) + 2][du (') + dole) + 2]

e€E(G) u/v' eV (H)

+ 37 > lda(u)(ng + D]lda () + da(e) + 2]

e€E(Q) u~u’
+ > [de(e)(ng + 1) + 2[dy (W) + da(f) + 2]

e~u' and u' is a vertex corresponding to copy f ; e~f

= (ng + 1)?’EMy(G) + 2(ng + 1) EM,(G) + 4 (—mG + %Ml(G)>

+ (ng + 1) Z [da(u) + da(v)]? — 2ng(ng + 1) Z [de(u) + de(v)]

weE(G) weFR(G)

S dp@)dg W)+ Y [dp(W) +du(0)] Y [dele) +2] + Z [de(e) + 2]

u'v'eE(H) u'v'eE(H) e€cE(GQ) ecE(G
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nH -+ 1 Z dH Z dG + nH(nH + 1) Z [dG(u) + dG(U)]2

w'eV(H) ueV (G weE(G)
) Y duld) 2%-wz@ > it
w'eV(H) e€cRE(G uw'eV(H ecE(G
+ng(ng +1) |2 [da(e)da(f)] +2 Z da(e)*| +2nn > dale)(dale) +2)
e~f ecE(G e€cE(Q)

= (ng + 1)’ EMy(G) + 2(ny + 1)EM1(G) +2M,(G) — 4mg

+ (ng + D{(ng + D[F(G) + 2My(G)] — 2ny My (G)}
+maMy(H) + M (GYM,(H) + EM,(G) + 4m¢g — 8mg + 4M,(G)
+2my(ng + V)M (G) + ng(ng + 1){F(G) + 2My(G)}

+2my(ng + 1) EM(G) + 4mpy [2 (—ma + %Ml(G)ﬂ

+ny(ng + D2EMy(G) + 2EM(G)] + 2ny {EMl(G) +4 <—mG + %Ml(G)ﬂ

= (ng + 1)’EMy(G) + 2(ng + D) EM(G) + 2M1(G) — d4mg

+ (ng + 1)?°F(GQ) + 2(nyg + 1)*My(GQ) — 2ngy(ny + 1) M (G)

+meMy(H) + My (G)M,(H) + EM(G) — 4mg + 4M,(G)

+2(ng + 1)mpMi(G) + ny(ng + 1)F(G) + 2ny(ng + 1) My(G) + 4(ng + mu) M (G)
+ 2mp(ng + 1) + 2ng(ng + 2)|EM(G) 4+ 2ng(ng + 1) EMy(G) — 8ma(ng + mpy).

O
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