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KCD indices and coindices of graphs
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Abstract

The relationship between vertices of a graph is always an interest-
ing fact, but the relations of vertices and edges also seeks attention.
Motivation of the relationship between vertices and edges of a graph
has helped to arise with a set of new degree based topological indices
and coindices named KCD indices and coindices. These indices and
coindices are elaborated by establishing a set of properties. More
fascinating results of some graph operations using X C'D indices are
developed in this article.
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1 Introduction

Graph theory plays a vital role in the quantification of chemical structures
through topological indices. Topological indices are molecular descriptors which
characterize the topology of a graph through numerical parameters. Abundant
number of topological indices are identified these days. Amongst these the first
degree based topological indices are Zagreb indices [Gutman and Trinajstié, 1972].
Recently along with Zagreb indices Zagreb coindices is also gaining much at-
tention for research. This has put forward versitile forms of Zagreb indices of
graphs. The present work aims to establish some new form of topological indices
of graphs.

This paper considers the graph to be simple, finite and undirected. The
graph is denoted as G = (V, E') with |V (G)| = n as the vertex set and |E(G)| =
m as the edge set. The set of vertices are also referred to as the order of the graph
(G and the edge set as the size of the graph GG. The edge connecting the two vertices
uand v is denoted as e = uv. The degree of the vertex « in a graph G is denoted as
dg(u) and defined as the number of edges of a graph G incident with the vertex u.
The degree of edge di(e) of a graph G is defined as dg(e) = dg(u) + de(v) — 2.
The complement G of a graph G is one in which two vertices are adjacent if and
only if they are not adjacent in G. For G, |V(G)| = n, |[E(G)| =m = (}) —m
[Alwardi et al., 2018]. Also uv € E(G) <= wv ¢ E(G). The degree of a
vertex u in G is denoted as dg(u) and defined as dz(u) = n — 1 — dg(u) [Al-
wardi et al., 2018]. The degree of edge of G is represented as dz(e), defined as
da(e) = dg(u) + dg(v) — 2. For undefined terminologies refer [Harary, 1969].
The Zagreb indices were defined by Gutman and Trinajsti¢ [Gutman and Trina-
jsti¢, 1972] as

M(G) = > dg(u) (1)

ueV(G)

My(G) = Y de(w)da(v). )

weE(G)

Here M, (G) refers first Zagreb index and M, (G) refers second Zagreb index.
First Zagreb index is also expressed as [Dosli¢, 2008, Doslic et al., 2011]

MG = Y (dalw) +da(v) ). G

weE(G)

For properties and information on Zagreb indices refer [Gutman and Das,
2004, Zhou and Gutman, 2005, Zhou, 2004].
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Further, Zagreb coindices were introduced by Dosli¢ [Dosli¢, 2008] as

WG = Y (daw) +do(v)) )

wé¢FE(G)
My(G) = ) da(wda(v), %)
w¢E(G)

The detailed study on Zagreb coindices is reported in [Ashrafi et al., 2010,
2011], the association between Zagreb indices and coindices is encountered in
[Das et al., 2012, Gutman et al., 2015].

Shirdel et al. [Shirdel et al., 2013] defined hyper Zagreb index as

HM@G) = Y <dG(u)+dG(v)>2. ©)

weE(G)

Further, hyper Zagreb coindex was introduced as

TG = Y. (dow) +dalv)) ™)

uw¢E(G)

These graph invariants were studied in [Pattabiraman and Vijayaragavan, 2017,
Veylaki et al., 2016]. Relationship between hyper Zagreb index and coindex is es-
tablished in [Gutman, 2017].

Now, we introduce a set of new degree-based topological indices and coindices
named as Karnatak College Dharwad indices and coindices or K C'D indices and
coindices in short, which is dedicated to Karnatak College Dharwad as the college
has completed hundred years of its service in education to the society in the year
2017. Further the research Supervisior and research scholar belong to the same
college.

i.e., The first and second K C'D indices of a graph G are respectively

KCDy(G) = Y ((dG(u)—i—dG(v)) +dG(e)> ®)

e=weE(G)
KCDy(G) = Y. <dG(u)+dG(v)>dG(e). )
e=uweE(G)

We proceed further to define K'C'D coindices as follows

KCD(G) = Y. ((dG(u)—i—dG(v)) +dG(e)> (10)

e=uwé¢ E(Q)

KCDy(G) = Y. <dG(u)+dG(v)>dG(e). (11)

e=uw¢ E(Q)
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Here KCD;(G) and KCDy(G) are first and second K C'D coindices of a graph
G respectively.

The remaining paper is distributed as follows. Section 2 expresses the prop-
erties of first K'C'D indices and coindices of a graph and its complement. Section
3 concentrates on properties of second K C'D indices and coindices of a graph
and its complement, while Section 4 is devoted for the study of K'C'D indices of
certain graph operations.

The following previously known results are considered for present investigation.

Theorem 1.1. [Gutman et al., 2015] Let G be a graph with n vertices and m
edges. Then,

M (G) = My(G)+n(n—1)2—4m(n—1) (12)
M (G) = 2m(n—1)— M(G). (13)

Corollary 1.2. [Gutman et al., 2015] Let G be any graph and G its complement.
Then

My(G) = My(G). (14)

Theorem 1.3. [Gutman, 2017] Let G be a graph with n vertices and m edges.
Then,

HM(G) = 4m*+ (n—2)M,(G) — HM(G) (15)

HM(G) = 2n(n—1)> —12m(n — 1)* + 4m? (16)
+(5n — 6)M,(G) — HM(G)

HM(G) = 4m(n—1*+4(n—1)M,(G) + HM(G). (17)

2 Basic properties of first KCD indices and coindices

Theorem 2.1. Let G be a graph with n vertices and m edges. Then,

KCDy(G) = (4n—6)m —4m(n — 1)+ 2M,(G) (18)
KCDy(G) = 4n(m —m) — 6m + 4m + 2M,(G) (19)
KCDy(G) = 4m(n—1)— 2(m + Ml(G)> (20)
KCD{(G) = (4n—6)m —2M,(Q). (21)

Proof.
Proof of Eq. (18):
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For any vertex u of G,

de(u) =n—1—dg(u). (22)
and for any edge e = uv of G,
da(e) = 2n — 4 — (da(u) + d@(v)). (23)
Thus by Egs. (8), (22) and (23), we have

KCDy(G) = Y ((dG(u)+dG<v))+dG(e)>

e=uwweE(G)

S ((n_l—dg<u>+n—1—dg<v>)

e=uwvg E(G)

+(2n — 4~ (de(u) + dG(v)>)

= ¥ <4n —6— 2(d@(u) + da(v)))

e=uwvg E(G)

= n-6m-2 > (dé(u) + d@(v)>.

e=uv¢ E(G)

According To Eq. (4)

Hence,
KCDy(G) = (4n—6)m — 2M;(G) (24)

Substitution of Egs. (13) and (14) in (24) results into Eq. (18).
Proof of Eq. (19):

For any vertex v of the complement G,

de(u) =n —1—dg(u). (25)
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and for any edge e = uv of the complement G,

de(e) = 2n — 4 — (dG(u) + dG(v)>. (26)

Bearing in mind Eqgs. (8), (25) and (26), we get

KCDi(@) = ((dc<u>+da<v>)+da<e>)

e=weE(G)

= Z ((n—l—dg(u)—i-n—l—dc(v))

e=uwv¢ E(QG)

+<2n — 4 — (dg(u) + dG(U)))

= Z <4n —6— 2<dc(u) + dG(“)))

e=uv¢ E(G)
= Un-om-2 > (dg(u) + dG(v)>.
e=uv¢ E(G)
Thus by Eq. (4),
KCDi(G) = (4n—6)m — 2M,(G) (27)

Employing Eq. (13) in (27) generates Eq. (19).
Proof of Eq. (20):

Using Egs. (10), (22) and (23), we have

KCDi(G) = Z ((dG(U) + dG(“)) + dG(6)>

e=uvg¢ E(G)

- ((n—l—dG(u)+n—1—dG(v)>

e=weE(G)

+(2n — 4~ (de(u) + dG(m))

= Z <4n —6— 2<d§(u) + dG(v)>> .

e=uweE(G)
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By Eq. (3)
M@ = Y (dglw) +dg(v))
weB (@)
Thus,
KCD{(G) = (4n—6)m — 2M,(G) (28)

Substitution of Eq. (12) in (28) gives Eq. (20).
Proof of Eq. (21):
In view of Eq. (10), (25) and (26), we get

KCDl (@) = Z ((dG(u) + d@(?))) + CZG(«B))

e=uv¢ E(G)

= ¥ ((n—l—dg(u)+n—1—dG(U)>

e=uwweE(G)

ot

. <4n ~6—2(da(u) +dG(U)>)

e=uwweE(G)

= (4n—6)m—2 Z (dG(U) + dG(U))

e=w€E(Q)

Considering Eq. (3) we directly arrive at Eq. (21).

171



Keerthi G. Mirajkar and Akshata Morajkar

3 Basic properties of second KCD indices
and coindices

Theorem 3.1. Let G be a graph with n vertices and m edges. Then,
KCDy(G) = HM(G) —2M(G) (29)
KCDy(G) = 4(n—1)(mi(n - 2) = m(2n - 3)) + dm? (30)
+(5n — 8) My (G) — HM(G)
KCDy(GQ) = 4(n—1)(n —2)i — (4n — 6)(n — 1) (n(n 1) - 4m) 31)
+2(n — 12 (n(n = 1) = 6m) + 4m® + My (G) - HM(G)
KCDy(G) = 4(n—1)(n—2)m— (4n — 6)M,(G) + HM(G). (32)

Proof.
Proof of Eq. (29):
Considering Egs. (9), (22) and (23), we have

KCDy(G) = 3. (dg(u)+dg(v)>dg(e)

e=uwweE(G)

- ¥ (n —1—dg(u) +n—1- dg(v)> (2n — 4~ (dg(u) + dg(m)

e=uv¢ E(G)
= > An-D-2-(n-6) Y (dgu)+dg(v))
e=uv¢ E(G) e=uv¢ E(G)
+ > (daw) +dglv)) .
e=uvg E(G)

By an analogous reasoning,

@) = Y (dgw) +dg(v)) and TMG) = > (dg(w) + dg(v))

w¢E(G) wgE(G)

KCDy(G) = 4m(n—1)(n—2)— (4n —6)M,(G) + H
In view of Eq. (14)
KCDy(G) = 4m(n—1)(n—2)— (4n —6)M,(G) + HM(G) (33)
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Taking into account Egs. (13) and (17), Eq. (33) results into Eq. (29).
Proof of Eq. (30):

In view of Egs. (9), (25) and (26), we get

KCD,@) = Y. (dgu) +dg(v))dgle)

e=weE(G)

= Z <n— 1—dg(u)+n-—1 —dg(v)) <2n—4— (dg(u)—i—dg(v))
e=uwv¢ E(G)

= Y dm-Dm-2)-@n-6) > (dg(u) +dg(v))
e=uwv¢ E(G) e=uw¢ E(Q)
£ Y (dotw) + o)

e=uwv¢ E(G)

By Egs. (4) and (7), it directly follows
KCDy(G) = 4m(n—1)(n—2)— (4n — 6)M(G) + HM(G) (34)
Application of Egs. (13) and (15) to Eq. (34) yields Eq. (30).

Proof of Eq. (31):

Using Egs. (11), (22) and (23), we have

KCDy(G) = Y (dG(u)+dG(U)>dG(e)

e=uwv¢ E(G)

- 3 (n—l—dg(u)—l—n—l—d@(v))

e=weE(G)

(20— 4= (dg(w) + dg(v))
= Y A1 -2)-@n-6) > (dé(u) + d@(v))

e=uvc€E(G) e=wveE(G)

_ (dG(u)+dG(v)>2.

e=weE(G)

By reasoning,

M@= Y (dgl) +dgv)) and HM@) = 3 <dG(u)+dG(v)>2.

weE(G) weE(G)

173



Keerthi G. Mirajkar and Akshata Morajkar

Hence
KCDy(G) = 4m(n—1)(n—2)— (4n—6)M(G) + HM(G) (35)
Substituting Eqgs. (12) and (16) in Eq. (35), simple calculation yields Eq. (31).
Proof of Eq. (32):

With the help of Egs. (11), (25) and (26), we get

KCDy@) = Y. (dg(u) + dg(U))da(e)

e=uwvg E(G)

- ¥ (n—l—dg(u)+n—1—d(;(v)><2n—4— (dg(u)—i—dg(v))
e=uveE(Q)

= Y 4m-Dm-2)-@n-6 Y (dg(u)+dg(v))
e=wEE(QG) e=w€E(G)
£ Y (dolw) +dot)’

e=uwweE(G)

Eq. (32) immediately follows.

4 KCD indices of some graph operations

In this section, we study the graph operations using K C'D indices. The
well-known graph operations sum(join), cartesian product and composition of
graphs are considered. All operations considered under the context are binary,
with finite and simple graphs GG and H. For the graphs G and H vertex and edge
sets are denoted by V' (G) and V(H), E(G) and E(H) respectively. The detailed
information on sum(join) of graphs is refered in[Khalifeh et al., 2008a], cartesian
product of graphs studied in[Khalifeh et al., 2008b] and composition of graphs is
reported in [Imrich and Klavzar, 2000, Khalifeh et al., 2008a]. We refer [Khalifeh
et al., 2009] for detailed information about graph operations.

Sum(join):

The sum(join) G + H of two graphs G and H with disjoint vertex sets
|V(G)| and |V (H)| is the graph on the vertex set V(G) U V(H) and the edge
set E(G)UE(H)U{uv : v e V(G) and v € V(H)}. For the graph G + H,
V(G+H)| = [V(G)+V(H)], [E(G+H)| = [E(G)[+EH)[+V(G)V(H),
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the degree of any vertex u € G + H is
der (1) = dg(u) + |V(H)| uweV(G)
G+H dy(u) + |V(G)| we V(H).
Theorem 4.1. Let G and H be graphs. Then
KCDy(G+ H) = 2 <M1(G) + M,(H) + |E(H)| (4]V(G)\ - 1)
HEG)|(4V ()| - 1)

HV@IVEDI(V(@) + V()] - 1)).

Proof:
By definition of sum(join) G + H of two graphs GG, H and Eq. (8), we have
KCD(G+H) = Y ((dG+H(u) + dG+H(v)> n dG+H(e)> .
e=weF(G+H)
Since,

doru(e) = deyn(u) +dorn(v) — 2.

KCD(G+H) = 2 Y <dG+H(u)+dG+H(v) - 1).

e=uwv€E(G+H)

KCD(G+H) = 2 Y (dG+H(u) +der(v) — 1) (36)
e=w€E(H)
2 ) (dG+H(u) +desm(v) — 1)
e=uveE(G)
+2 3 (dGHq(u) +deam(v) — 1).

e=wve{uv:ueV(G)veV(H)}

Observe that,

> (dorn( +desn) 1) = X (dulw)+ V(@)

e=uwveFE(H) e=w€eE(H)

+dp(v) + |V(G)] - 1)
= > (@ +dalo) +2AV(E)] - 1).

e=uveE(H)
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Thus,
> (darnw) +dawn(v) = 1) = Mi(H)+2|V(G)|EH)] 3T
e=uwveFE(H)
~|E(H)|.
Similarly,
> (dorn() +dosn(v) —1) = Mi(G)+2V(H)EG)| (38)
e=uwveE(G)

—|E(G)].

In the same way,

S (dorn(w) +dan() = 1) = 2AVU)|EG)| + [VH)PIV(G)

weV(G),veV (H) (39)
L2|E(H)[|[V(G)|+ V(G)P|V(H)| = VG|V (H).

Substituting Eqgs. (37), (38) and (39) in Eq. (36) completes the proof.

Theorem 4.2. Let G and H be graphs. Then

KODQ(G+H):HM(G)+HM(H)+<5|V(H)\—2>M1( ) + <5|V( )\—2>M1 H)

+8<\V(G)HE(H)!(\V(G)!—1)+!V(H>HE(G)I(!V( )| = 1) + |B(@)||B(H |>

+\v<G>r|v<H>r<(rv<G>\+\v<H>r)2+4(\E<G>\+\E<H>\)—2(|v )|+ V(H )

Proof.
With the knowledge of sum(join) G + H of two graphs G, H and Eq. (9), we have

KCDyG+H) = Y (dG+H(u) + dG+H(U))dG+H(e).

e=uw€eE(G+H)

As,
doru(e) = deyn(uw) +dein(v) — 2.
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This implies,

KCDNG+H) = 3 (denlu) + dG+H(U))2 — 9(dm () + deern (v)

e=uwv€E(G+H)

= Z (dG+H(u) + dG+H(U)>2 - 2(dG+H(U) + dG+H(U))

e=uwveE(H)

Y (dosntw) +dorn()) —2(dernlw) + dern ()
e=uveFE(G)

+ Z (dG+H(U) + dG+H(U)) 2

e=wve{uv:ueV(G)veV(H)}
—2 (dG+H(u> + dg+H(U)> .
It follows that,
> (dornlw) + dG+H(v)>2 = 2(dasn(w) + daen(®)) = Y ((dH(u)

e=uwveE(H) e=w€eFE(H)

HV(G)| + dz(v) + ]V(G)|)2 = 2(dn(w) + V(G)| + dr (v) + |V(G)|>>

— Z ((dH(U) + dH(U))2 + 4|V(G)|2 + 4|V (G)| <dH(u) + dH(U)> — Q(dH(u)
—l—dH(v)> - 4]V(G)\>.

S (doen() +doan () —2(dosn(u) + dorn(v)) = HM(H)
e=uveE(H) (40)

+HV(G)P|E(H)| + 4|V (G)|Mi(H) — 2Mi(H) — 4|V (G)||E(H)|.

Similarly,

> (denw) + dG+H(U))2 ~2(dgen(w) + dern(v)) = HM(C)
e=uwe E(G) (41)

+HV(H)P|E(G)| + 4|V (H)|Mi(G) — 2Mi(G) — 4|V (H)||E(G)|.
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In the same way

> (dornw) + o))~ 2(donu) + dan(v)) = Mi(@)V(H)

uEV(G),veV (H)
FM(H)V(G)] + S|EG)||E(H)] + VGV (IV(G)] + [V ( >\)2

HE(G)|[VH) [ + 4| EG)IV(G)|[V(H)| + 4| EH)|[V(G)]|V(H)]
HEH)||V(G)* = A[E(G)||V (H)| — 4| E(H)||[V(G)]

2V (@) IV (IV(G)| + [V(H)]).
Finally, the summaton of Egs. (40), (41) and (42) gives the desired result.

O
Cartesian Product:

The cartesian product G x H of two graphs G and H has the vertex set
V(Gx H)=V(G)x V(H)and e = (a,z)(b,y) isanedge of G x H ifa = b
and xy € E(H),orab € E(H) and x = y. For the graph G x H, |V (G x H)| =
V(G)|V(H)], [E(G x H)| = |E(G)||V(H)| + |V(G)|| E(H)], The degree of any
vertex (a,z) € G X H isdgxu((a,x)) = dg(a) + dy(x).

Theorem 4.3. Let G and H be graphs. Then
KCDy(Gx H) = 2(!V(G)|M1(H) + |V(H)|M:(G) + 8| E(G)||E(H)| —

(v@nEm)|+ |V<H>||E<G>|)>.

Proof.
In the view of definition of cartesian product G x H of two graphs G, H and Eq.
(8), we have

KCD\(G x H) = > ((daxH«a,x» + don((b,9)) + daxH«e))).
e=(a,z)(b,y)EE(GxH)
It is known that,

dexn((e)) = daxu((a,)) +daxu((b,y)) — 2.
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Thus,

KCD\(G x H) = 2 - (dGXH((a,x)) + desr((b,y)) — 1)
e=(a,z)(b,y)eE(GxH)

=23 > (dola) + (@) + dala) + du(y) 1)

a€V (G) zye E(H)

+2 Z Z ( r) +da(a )+dH(x)+dG(b)—1)

z€V (H) abeE(G)

-2y ¥ <2dG (dH(x)—IrdH(y))—l)

a€V(G) zycE(H)

2y Y <2dH (dG(a)+dG(b)>—1>

z€V (H) abeE(G)

By simple reasoning we straightforwardly obtain the required result.

Theorem 4.4. Let G and H be graphs. Then

KCDy(G x H) = |V(G)[HM(H) + [V(H)|HM(G) + (12[E(H)| - 2V (H)|) Mi(G)

+(120B(@)] ~20V(G)]) My(H) — 16|B(G) || E(H)|.

Proof.
Taking into account the definition of cartesian product G x H of two graphs G
and H, start with Eq. (9) as

KCDy(G x H) = > (deenl(@) +desn((b.y)) ) dax((©).

e=(a,z)(b,y)EE(GxH)
Since

daxn((e)) = daxu((a,2)) +daxn((b,y)) — 2.
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Z ((deH((G,I)) + deser (b, y))>2

e=(a,z)(b,y)EE(GxH)

9 (dGXH((a, z)) + dasxu((b, y))))

2. 2 (( @) + dir(2) + da(a) + du(y))

a€V(G) zyeE(H)

—2<dG(a)+dH(x)+dc()+dH )) > 2. ((

z€V (H) abeE(G)

2

+dg(a) + dy(x) + dG(b)>2 - Q(dH(:U) +dg(a) + dp(z) + dG(b)>>

>y ((2dG +dy(z) + dH(y)>2 ~2(2da(a) + di (x)

a€V(G) zyeE(H)

+du(y )>+ > ((MH +dG()+dG(b))2

€V (H) abeE(G)

—2<2dH(x) +dg(a) + dG(b)>)

D (4(da(a)>2+(dH(x)+dH(y)>2

a€V(G) zyeE(H)

4de(a) (dH(a:) + dH(y)) - 2(2dG(a> + <dH(“3) + dH(y))))

T () + (st )

z€V (H) abeE(Q)

+4dy(z) <dG(a) + dG(b)> — 2(2(11{(96) + (dG(a) + dG(b))>>

and the required result immediately follows.
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O
Composition:

The composition G[H] of two graphs G and H with disjoint vertex sets
V(G) and V(H), edge sets E(G) and E(H) is the graph with vertex set V' (G) x
V(H) and (a,x) is adjacent to (b,y) whenever a is adjacent to b, or a = b and x
is adjacent to y. For the graph G[H]|, |V (G[H])| = |V(G)||V(H)|, |E(G[H])| =
|E(G)||V(H)|? + |E(H)||V(G)|, The degree of any vertex (a,z) € G[H] is
deyen(a,2)) = [V (H)|do(a) + da(2).

Theorem 4.5. Let G and H be graphs. Then

KCD\(GH]) = 2<!V(H)|3M1(G) + V(G My (H) + 8|V (H)||E(G)||E(H)|
~[V(H)PIEG)| = |B(H)|V(G)]).

Proof.

Using the definition of composition G[H| of two graphs GG, H and Eq. (8), we
have

KCD,(GH]) = > ((dqm«a, 2)) + da (b.9))) + dG[m«e))).
e=(a,2)(b,y)€E(G[H])
But
don((€)) = dopn((a, ) + dapm((b,9)) -
This implies,
KCD\(GH)) = 2 (dopn((a 2) + dagm((b,) —1).

e=(a.a)(b.y) € B(G[H))

KCDi(GH) = 2 3 >0 3 (IV(H)ldo(a) + da(x) + |V (H) dg(b)
tdu(y) 1) +2 > > ( H)lde(a) + dp (x)(43)

a€V(GQ) zyeE(H

+|v< )ldo(a) + du(y) 1),
We start with
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S X X (VIda(a) + dulw) + |V (H)|do(b) + duly) — 1) =

z€V(H) yeV(H) abeE(G)

S5 (v s ao) - (o +in) -1)

z€V(H)yeV(H) abe E(G

Thus,
S Y Y (IVUDlde(a) + du(e) + [V(H)Idg(b) + du(y) — 1) =
€V (H) yeV(H) abeE(G) (44)
V(H)PM(G) + 4|V (B)||E(G)|| E(H)| — |V(H)P|EG).
Similarly,
Z Z ( H)ldg(a) + du(z) + |V (H)|de(a) + du(y) — 1) =
a€V (G) zye E(H) (45)

AV(H)[[EG[EH)] + V(G M (H) = [V(G)|E(H)|.

Substituting Eqs. (44) and (45) in Eq. (43) generates the desired result.

Theorem 4.6. Let G and H be graphs. Then

KCDy(GIH)) = [V(H)[*HM(G) + |V (G) [ HM(H)
2|V (H) M (G) (6| B ()| = |V (1))
20, (H) (5]V ()| E(G)| - [V(G)])
+8E(G)|ECH)| (| B(H)| - 2V (H)]).

Proof.
In view of definition of composition G[H| of two graphs GG, H and Eq. (9), we
start with

KODJGIH]) = 3 (doun((@.2)) + den((0.9)) ) demn((©))

e=(a,7)(b,y)€E(G[H])

It is known that,

demy((€)) = daum((a, x)) + dam((b,y)) — 2.
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We get,

KCD,y(G[H]) = Z <(dG[H]<<(l, x)) + dam (b, y)))z

e=(a,z)(by)€E(G[H])

—2 (dcuﬂ((a, x)) + derm (b, y)))) :

KCDy(GIH) = > > Y (( H)ldg( )+dH(:c)+!V(H)Ida(b)+dH(y))

z€V(H) yeV(H) abeE(G)

~2(IV(H)lda(a) + di(w) + |V (H)|dg(b) + di(y )>>

+ Z Z (( H)|dg(a) + dg(z) + |V (H)|da(a) + du(y)

a€V(G) zyeE(H)

_2(|V(H)\da(a) +du(x) +|V(H)|de(a) + duly )))

Thus,

ke, =Y Y % <(|V(H)|(dg(a)+dg(b)>+dH(x)+dH(y)>

z€V(H) yeV (H) abeE(G)

—2(|V(H)y ala) + dc(b)) +dp(r) + dH<y>))

(d
PYY ((2\1/ Vda(a) + de () + di(y)
(v ontat

a€V(G) zyeE(H

)
V(H)ldo(a) + dir (@) + di(y >)>
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It follows that,

IORDINDD

( 2
€V (H)yeV(H) abe E(G

H)|(dg(a) + dg (b)) + dir(x) + du(y)

—2(|v<H)|(dG(a)+dG(b) +dH )+ du(y )

=2 > Z( )12 (do(a) + () + (di(a) +di(v))

z€V(H) yeV(H) abeE(G)

2|V (H)| (do(a) + do(®) ) (i (@) + dinly) ) — 21V (H)|(dala) + da (b))
~2|V(H)|dy () - 2|v<H>|dH<y>>

Hence,

2. 2 2

( 2
z€V (H)yeV(H) abe E(G)

H)|(dala) + do(b)) + dn(z) + du(y) )
=2(IV(H)| (da(a) + da(b)) + dn(a) + dH<y>)> = |V(H)|'HM(G) (46)

+2|V(H)||E(G)|My(H) + 8| E(H)[*| E(G)| + 8|V (H)|*| E(H)|My(G)
—2|V(H)'Mi(G) — 8| E(H)||E(G)||V (H)].

Similarly,

PN ((2|v )d(a) + dug(x) + du(y)) —2(20V (H)ldo(a)

a€V(G) zye E(H)

47)
+du(x) + czH<y>)) = |V (H)PE(H) My (G) + V(G| HM(H)
8|V (H)||E(G)|[Mi(H) = 8|V (H)||E(G)||E(H)| = 2|V(G)|M:(H).
Finally, summation of Egs. (46) and (47) gives the required result.
O
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5 Conclusion

In this paper, we have introduced few new degree based topological indices
and coindices named K C'D indices and coindices. A set of properties of these in-
dices and coindices are obtained. Finally, some graph operations are studied using
KCD indices. These results have scope for further development using remaining
graph operations.
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