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Abstract. The first Zagreb indedM, (G) of a graphG is the sum of the square of the
degrees of the vertices of a grahand the second Zagreb ind&,(G) of a graphG

is the sum of the products of the degrees of thegieaadjacent vertices d&. In this
paper, the degree based topological indigg$G) and M, (G) of " -semi total point
graphs of some graphs are obtained.
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1. Introduction
Throughout this paper, we consider only finite aeeted graphs without loops and
multiple edges. Le6G be such a graph with vertex 4¢¢G) and edge seE(G). The

degree of a vertexJV(G) is the number of edges incident Yoand is denoted by
ds (V) .
In theoretical chemistry, the physico-chemical grtips of chemical compounds

are often modeled by means of a molecular grapbdossucture descriptors, which are
also referred to as topological indices. In 1978tnGan and Trinajsti'c [2], introduced

the degree based topological indidds(G) and M, (G), called Zagreb indices.
The first and second Zagreb indices are respegtiefined as,
2
My(G)= > ds(V) A
VOV (G)
and
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M,(G)= > ds(UWdi(V (1.2)
uwdE(Q)

For more details and recent results on topologitdices, we encourage the
reader to consult the papers [3-19] and the refe®nited therein.

2. Semi total point graphs
In [1, 3], the semi-total point graph and tffe semi total point graphs are defined as
follows,

Definition 2.1. [1] Let G be a simple graph of order n. Th&{(G) be the graph

obtained fromG by adding a new vertex corresponding to each exfgé& and by
joining each new vertex to the end points, of ttigeecorresponding to it. It is called the
semi total point graph

Definition 2.2. [2] Let G be a simple graph of ordempossessing edges. The" - semi

total point graph of Gdenoted byR' (G), is the graph obtained by addingertices to
each edge db and joining them to the end points of the respeatidge.
Obviously this is equivalent to addirgtriangles to each edge db. The

construction ofR(G) and R (G) is illustrated by Figure 1.

G R(G) R*(G)

Figure 1. A graphG and its semi total point graphs

It is clear that, the semi total point graph of iDigion 2.1 is the special case of
R (G) forr =1.1In[2], S. R. Jog et al. obtained the charadierigolynomial, second

stage spectrum and discussed some characteriatierds of ther™ semi total point
graphs of some graphs.

In this paper, we have obtained the explicit formeufor first and second Zagreb
indices of the™- semi total point graphs of the graphs FRthCycleC,, Star grap!s,
Complete graphK, on n vertices and a Complete bipartite graphpKAlso, in
continuation to this the exact formulae for thetfiand second Zagreb indices of ke
regular graph, linegraph(G) of a regular graph G and the corona product graphk,
are presented.
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In this paper, for the sake of convenience, lmmards we use the notation
R (G)as justR(G).

3. Main results
In this section, we obtain the exact formulae fostfand second Zagreb indicesrbf-
semi total point graphs of some graphs.

Let P, be a path on vertices. The®, hasn - 1 edges.

Theorem 3.1. The first Zagreb index of R{Fis
My(R(R)) = (4n—- 6)(r + 1f + 4r(n— 1) (3.1)
Proof. In R(P,) there are n + (r 1)r vertices, of which n — 2 vertices, each ofrde
2r+2, 2 vertices, each of degree r+1 and (n—1)ices, each of degree 2.
Hence by Eqgn.(1.1), we have,
My(R(Ry) = (n = 2)(2r + 2+ 2(r + 1f + (n - 1)r(2f
=4(n - 2)(r + D+ 2(r + 1)2 + 4r(n - 1)
= (4n- 6)(r + 1¥ + 4r(n- 1)

Theorem 3.2. For n > 2, the second Zagreb index of B(R

M2(R(Py)) = 4(r + 1)[n(3r + 1)- 5r - 2] (3.2)
Proof. Let vie|v-6e:v3€s . . . h-161-1V, be the pathP, on n vertices. IRR(P,), there are (n —
1)+ (n-21)2r=(n-1)2r + 1) edges.

Among these (n — 1)(2r + 1) edges, there are 2sdgamely, eand g, of P,
have the end vertices with degrees r + 1 and 2r #h2 remaining n — 3 edges Bf,
namely, e &, . .., @ each have both the end vertices with degree 2rFhere are
edges, incident to each of the vertisgandv, (other than the edges Bf), have the end
vertices with degrees r + 1 and 2. Lastly, eacthefremaining 2r + (n — 3)(2r) = 2r(n -
2) edges oR(PR,), have the end vertices with degrees 2r + 2 ardeBce by Eqn.(1.2),
we have,

My(R(R)) = 2(r + 1)(2r + 2) + (7 3)(2r + 2)(2r + 2) + 2r(r + 1)(2)
+2r(n- 2)(2r + 2)(2)
=4+ 15+ 4(n - 3)(r + B+ 4r(r + 1) + 8r(r + 1)(n — 2)
=4(r+ D[n(@Br+1)-5r-2]
Let C, be a cycle graph amvertices. Thel€, hasn edges.

Theorem 3.3. The first Zagreb index of R{Cis
My(R(C)) = 4n(F + 3r + 1) (3.3)
Proof. In R(G,) there are n + nr vertices, of which, each ofrthertices
have degree 2r + 2 and each of the remainingertices have degree 2.
Hence by Eqgn.(1.1),
My(R(Gy)) = n(2r + 2f + nr(2¥
=4n(r + i) 4nr
=4n@E+ 3r+ 1)

Theorem 3.4. The second Zagreb index of R(

MR(G)) = 4n(r + 1)(3r + 1) (3.4)
Proof. In R(C) there are n + n(2r) = n(2r + 1) edges, of whiahheof then edges have
end vertices of degree 2r + 2 and each of the réntanr edges have the end vertices of
degree 2r + 2 and 2. Hence by Egn.(1.2), we have,
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M(R(C)) = n(2r + 2)(2r + 2) + 2nr(2r + 2)(2)
=4n(r+1)(3r+1)
Let S, is a star graph amvertices. ThenS, has n — 1 edges.

Theorem 3.5. The first Zagreb index of R{Is
My(R(S) = (n = 1)[4r + n(r + 1] (3.5)
Proof. In R(S) there are (n—-1)r+(n-1)+1 = (n—-1)(r+1)+1 verticebwhich 1 vertex is of
degree (n-1)+(n-1)r = (n-1)(r+1), n-1 verticessteaf degree r + 1 and each of the
remaining (n- 1)r vertices of degree Rlence by Eqn.(1.1),
MR(S)) = (n= 1(r + 1F + (n= 1)(r + 1f + (n— 1)r(2¥
=(n - 1)[4r+n(r ¥
Theorem 3.6. The second Zagreb index of R(iS
MRES)=n-1)r+1)@Bnr+n-r-1) (3.6)
Proof. In R(S) there are (n — 1)(2r + 1) edges, of which theeera— 1 edges with end
vertices of degrees r +1 and (n-1)(r +1), (n—-1we=dwith end vertices of degrees 2 and
(n=1)(r +1), (n—1)r edges with end vertices of degr2eand
(r +1). Hence by Eqn.(1.2),
Mz(R(S)) = (n = 1)(r + 1)(n = 1)(r + 1) + (n = L)r(2)(nH)(r + 1)
+(n = 1)r(2)(r1y
=(n-1(r+1)@Bnr+n-r-1)

Let K, be a complete graph orvertices. Then, Khas[gj edges.

Theorem 3.7. The first Zagreb index of RgKis
My(R(K.)) = n(n = 15(r + 1F + 2nr(n — 1) (3.7)

n
Proof. In R(K,) there aren+[2Jr=[(n—1)r+ 2] vertices, of which n vertices of

degree (Nn-1)+(n-Dr=(n-1D(r+ @)r vertices, each of degree 2.

Hence by Egn.(1.1), we have,

Mi(R(K) = n(n - 15 + 17 +@ (27
= n(n- 17°(r + 1F + 2nr(n- 1)
Theorem 3.8. For n = 3, the second Zagreb index of RYi6

Ma(R(Kn)) = %n(n — If(r + DI(n - 1)(r + 1) + 4] 38

Proof. In R(K,) there are@}(gj(m):w edges, of which there are

n
(2) edges, each with degree of both the end verticesl ¢égy(n —1) + (n — L)r = (n — 1)(r
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n
+ 1), (Zj(Zr) edges, each with degree of end vertices (n =Ly and 2. Hence by

Eqgn.(1.2), we have,
M.(R(K) :[2](n—1)2<r+1)2+[2j (2r)(n- D) + 2)(2)

=MD (- e 27+ XD @2 )p- 1+ (2

:% n(N—=D2(r +D[(n-2)(r +1) = 4r]
Let K,pbe a complete bipartite graph, ¢has a + b vertices aradh edges.

Theorem 3.9. The first Zagreb index of R{) is

My(R(Kap) = ab(a + b)(r + B+ 4abr (3.9)
Proof. In R(K,) there are a+b+abr vertices, of which there arertices of degree b+br,
b vertices of degree a+ar and each of the remamiimgvertices of degree 2. Hence by
Egn.(1.1), we have,
My(R(Kap) = a(b + brj + b(a + arj + abr(2§
= af(r + 1 + &b(r + 1Y + 4abr
= ab(a + b)(r + 1) 4abr

Theorem 3.10. The second Zagreb index of R(Kis
MR(Kap) = &b(r + 1Y + 2abr(r + 1)(a + b) (3.10)
Proof. In R(K, ) there are ab + ab(2r) = ab(2r + 1) edges, of whiere are ab edges
with end vertices with degrees b + br and a +laredges with end vertices of each edge
are of degrees b + r and 2 and abr edges with enides of each edge are of degrees a+r
and 2. Hence by Eqgn.(1.2), we have,
Mx(R(Kap) = ab(b + br)(a + ar) + abr(b + br)(2) + abr(ar{(2)
= &%(r + 1Y+ 2abr(r + 1) + 23br(r + 1)
= &%(r + 1Y + 2abr(r + 1)(a + b)
For the special case a = b, we have the followiamplTary:

Corollary 3.11. Let K, jbe the complete bipartite graph on 2a verticesnThe
My(R(K,) = 2&[a(r + 17 + 2r]
My(R(Ka9) = &(r + L)[a(r + 1) + 4r] (3.11)

Let G be a k- regular graph of order n. Then G-Ezif\sedges. It is easy to see

that, R(G) haven +n7k r= —2(2+ kr) vertices andnz—k +i2k(2r) = %k(Zr +1) edges.

In the following Theorems 3.12 and 3.13, we presieatdirect formulae for the
first and second Zagreb indices of R(G).

Theorem 3.12. The first Zagreb index of R(G) is
MR(G)) = nK(r + 1Y+ 2nrk (3.12)
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n
Proof. Among §(2+ kr) vertices of R(G) there are, n vertices, each gfee
nk
kr + k =Kk(r + 1) and?r vertices, each with degree 2. Hence by Eqgn.(1.1),

MR(G)) = nK(r + 1y + %kr(Z)z
ni(r + 1Y + 2nrk

Theorem 3.13. The second Zagreb index of R(G) is

MZ(R(G)):n—lZ(Z(r+1)[k(r+1)+ 4r] (3.13)

nk nk
Proof. Among7(2r + 1) edges of R(G) there a-FS- edges with end vertices, each of

degree kr +k anepz—k(Zr) = nkr edges, each with end vertices of degree
kr + k and 2. Hence by Eqn.(1.2), we have,
M,(R(G) =n7k(kr+ K(kr+ K+ nk(2)( kr+ B

3
=%(r +1)? + 2nk?r (r +1)

=n—l2(2(r+1)[k(r+l)+ 4|

Let G be a graph of ordex Then the line graph of G will be denoted by L(G).
For basic properties of line graphs, we refer @j.[2

It is known about the line graphs that, the linapir of a regular graph is a
regular graph [12]. In particular, the line gragtaagegular graph of orderand of degree
k, is a regular graph with order and regularity k where,

nl:%nk; k=2k-2=2(k-1) .18)
Further, it is easy to notice that the semi totahpgraph R(L(G)) of a line graph
L(G) have,%k ((k=2)r +1) vertices and@ (2r +1)edges.
Therefore, we have the following corollaries.

Corollary 3.14. Let G be a k-regular graph of order n, then thestfiZagreb index of
R(L(G)) is

My(R(L(G))) = 2nk(k — D)[(k - 1)(r + D)+ 1] (3.15)
From (3.14) and (3.12), the proof of the Corollar¥4 is straight forward.

Corollary 3.15. Let G be a k-regular graph of order n, then theosetZagreb index of
R(L(G)) is
Mo(R(L(G))) = 2nk(k— 1¥(r + 1)[(k— 1)(r + 1) + 2r] (3.16)
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From (3.14) and (3.13), the proof of the Corollar¥5 is straight forward.
Corona product of two graphs. Let G and H be two graphs. The corona prouéH
is obtained by taking one copy of G and |V (G)liespf H, and by joining each vertex

of the {" copy of H to the't vertex of G.
Let G be a k-regular graph of order n aid be the complement of complete

— n
graph Kof order t. ThenGo K, has nt(r + 1) -lE(kr +2) vertices and

n?k+12k(2r)+nt+nt(2r)=—2(k+ 2)(I+ 2 ) edges.

Now we proceed to find Mand M for R(GoK)
Theorem 3.16. The first Zagreb index dR( GoK) is

Ml(R( GOK)): n(r + 10K + 1 + 1] + 2nr(k + 21) (3.17)
Proof. Among nt(r + 1) +g(kr +2) vertices ofR( GoK) , there are n vertices, each of

degree k+t+ (k+tr=(k+t)(r+ Infvertices, each of degreer +227kr andntr
vertices, each of degree 2. Hence by Eqn.(1.1)ave,
Ml(R( GoK))z n(k + tf(r + 1F + nt(r + 1F + n?k r(2Y + ntr(2Y

=n(r + 15[(k + t)* + t] + 2nr(k + 2t)

Theorem 3.17. The second Zagreb index Rl( GoK) is

MZ(R(GOK)) - n?k (k + D2 + 17 + 2nke(k + t)(r + 1) + nt(k + 1)(r + )

+2ntr(r+ 1)(k +t + 1) (3.18)
— nk nk n
Proof. In R(Go K), there are?+ ?(Zr) + nt +nt(2r) = E (k+2t)(1+2r) edges.

nk
Among these edges, there &er edges, with the degree of each of the end vertices

(k+kn)+tr+t = (k+t)(r+1),nkr edges with degree of the end vertices (k+t)(r+1 amt
edges with degree of the end verti@est)(r+1) and(r + 1), ntr edges with degree of the
end vertices (k + t)(r + 1) and 2 and the remaimitigedges with degree of the end
vertices (r + 1) and 2. Hence by Eqn.(1.2), we have
— nk

MZ(R(GO K)) = 2 K+ 1+ 17 + ke + 00 + D(R)

+nt(k + t)(r + LX 1) + ntr(k + t)(r + 1)(2)

+ ntr(r + 1)(2)
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= n?k (k + tfnkr(k + t)(r + 1) + nt(k + t)(r + D)
+2ntr(r+ 1)(k +t + 1)

Remarks:
(1) Fora=1and b =n -1, formula (3.9) reduce@.5) and (3.10) reduces to (3.6).
(2) For k = 2, formula (3.12) reduces to (3.3) §8d.3) reduces to (3.4).
(3) For k=n -1, formula (3.12) reduces to (&myl (3.13) reduces to (3.8).
(4) For n = 2a and k = a, formulae (3.12) and (B.d@incide with the formulae in
Corollary 3.11 and are as given below:

M1(R(G)) = M(R(Ka ) = 2fa(r + 1F + 2r]

Ma(R(G)) = Mx(R(Ka ) = &(r + 1)[a(r + 1) + 4r] (3.19)
(5) For n = 3, formulae (3.1) and (3.2) coincidéhwiormulae (3.5) and (3.6)

coincide. And are as given below:

Ma(R(P3)) = My(R(Sy)) = 6(r + 1f + 8r

M2(R(P)) = Ma(R(S3)) = 4(r + 1)(4r + 1) (3.20)
(6) AsL(C,) UC, , therefore forK =2, formula (3.15) reduces to (3.3) and

(3.16) reduces to (3.4).
(7) Fort =0, formula (3.17) reduces to (3.12) and (3.18) reduo (3.13).
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