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Abstract

A chemical graph theory is a fascinating branch of graph theory which has many applications
related to chemistry. A topological index is a real number related to a graph, as its considered
a structural invariant. It’s found that there is a strong correlation between the properties
of chemical compounds and their topological indices. In this paper, we introduce some new
graph operations for the first Zagreb index, second Zagreb index and forgotten index ”F-index”.
Furthermore, it was found some possible applications on some new graph operations such as
roperties of molecular graphs that resulted by alkanes or cyclic alkanes.
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1 Introduction

Chemical graphs are models of molecules, in which atoms are represented by vertices and chemical
bonds by edges of a graph. The basic idea of chemical graph theory is the physicochemical
properties of molecules can be studied by using the information in the mathematico-chemical
literature [1],[2],[3],[4]. Throughout this paper, we consider a simple finite connected graph G. We
respectively denote by p and ¢ the cardinality of its vertices set V(G) and E(G). The degree of the
vertex a is the number of edges joined with this vertex denoted by d(a). Graph operations produce
new graphs from the initial ones. Some new graphs were found by new binary operations, which
were introduced in [5]. In practical applications, Zagreb indices are among the best applications
to recognize the physical properties and chemical reactions. First Zagreb index Mi(G) and second
Zagreb index M3(G) were firstly considered by Gutman and Trinajsti¢ in 1972 [6],[7] which are
defined as:

Mi(G)= Y 6°(w)= > [ba(u)+da)], M(G)= > dau)dc(v).

veV(G) uwweE(G) uweE(G)

Furtula and Gutman in 2015 was introduced forgotten index (F-index) [8],[9],[10],{11] which defined

as:
F(G)= Y daw) = Y (04w +&)).
weV(Q) weE(G)

Furtula and Gutman raised that the predictive ability of forgotten index is almost similar to that of
the first Zagreb index and for the acentric factor and entropy, and both of them obtain correlation
coefficients larger than 0.95. This fact implies the reason why forgotten index is useful for testing the
chemical and pharmacological properties of drug molecular structures and reported that this index
can reinforce the physico-chemical flexibility of Zagreb indices [4]. Alameri in 2016 was introduced
a new product operations on graphs which are classical of other binary operations, denoted ®;, and
1€ {1,2,...,7} [5].

In this paper, we introduce some Zagreb Indices of new graph operations, we present some
possible applications as special cases of chemical graph. Moreover, we have studied the correlation
coefficient between them to investigate the effectiveness of these indices in practical applications.
We refer the interested reader to [12],[13],[2],[14],[15] for some recent results.

2 Preliminary Results

In this section, we introduce definitions and some properties of graphs (resulted by the new binary
operations introduced in [5]).

Definitions 2.1: Unary operations create a new graph from the old one, such as addition or
deletion of a vertex or an edge or Complement graph.

Definitions 2.2: A binary operation creates a new graph from two initial graphs, such as classic
operations (tensor product, cartesian product, strong product, composition, disjunction and symmetric
deference).

Corollary 2.3: Any classic operation can be deduced from our new product operations.

Definitions 2.4: The new binary operations on graphs [5] denoted ®; where i € {1,2,...,7},
defined as follows:

If G1 and G2 are two graphs. Then, the vertex sets are defined as follows:
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V(G1®i G2) = V(G2 ®: G1) = V(G1) x V(G2),

Whereas, the edge sets are defined as follows:

(1) E(G1®o G2) = {(a,b)(c,d) : [ac € E(G1),bd € E(G2)]},
(2) E(G1®1G2)={(a,b)(c,d) : [ac € E(G1),b=d]},
(3) E(G1®2G2)={(a,b)(c,d) : [ac € E(G1),bd € E(G5)]},
(4) E(G1®3G2) ={(a,b)(c,d) : [a=c,bd e E(G2)]},
(5) E(G1®4G2)={(a,b)(c,d):[a=rc,bd € E(GS)]},
(6) E(G1®s5G2)={(a,b)(c,d): [ac € E(GT),bd € E(G2)]},
(7) E(G1®¢ G2) ={(a,b)(c,d) : [ac € E(GT),b=d]},
(8) E(G1®7G2)={(a,b)(c,d):[ac € E(G]),bd € E(G%)]}.

Lemma 2.5: Let two graphs G;1 and G2 where; |V(G1)| = p1, |[V(G2)| = p2,|E(G1)| = ¢1 and
|E(G2)| = q2. Then,

(1) |E(G1®0 G2)| = 2q1q2,

(2) [E(G1 @1 G2)| = qip2,

(3) |E(G1®2G2)| = 2q145 = p3q1 — p2q1 — 2q1g2,

(4) [E(G1 ®3 G2)| = q2p1,

(5) |E(G1®1G2)| = g5p1 = (p1p3 — p1p2 — 2p142),

(6) |E(G1®sG2)| = 24¢7q2 = pigz — prgz — 2q142,

(7) |B(G1®6 G2)| = ¢ip2 = 5(p2pi — p1p2 — 2p2q1),

(8) |E(G1®7G2)| =2¢i¢5 = p1(p1 — 1) — 2q1][p2(p2 — 1) — 2¢2).

Lemma 2.6: If G; and G2 are two graphs where;
V(G| = p1, [V(G2)| = p2, |[E(G1)| = q1 and [E(G2)| = g2, then

(1) bcr@oas (u,v) = b, (u) S, (v),
(2) dci®i0.(u,v) =da, (u),
(3) bai@2Ga(u,v) = ba, (u) dag(v),
(4)  da1@562(u,v) = da, (v),
(5) dci@acs(u,v) = dag(v),
(6) dcy@5G2(u,v) = dag(u) da, (v),
() dar@eaa (u,v) = dag (u),
(8) dG1@7as(u,v) = das (u) dag(v).

In the following sections we will create new relationships for some of topological indices for the
operations introduced in [5].
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3 First Zagreb Index of New Graph Operations
In this section, we studied the first Zagreb Index of new graphs and some of its special cases.
Theorem 3.1: Let Gf, G5 be complement graphs of G1 and G2 respectively, then

(1) Mi(G1®0 G2) = M1(G1)M1(G2),

(2) Mi(G1 @1 Ga) = p2M1(Gh),

(3) Mi(G1®2 G2) = M1(G1)M1(G3),

(4) M (G1®3G2) = p1Mi1(G2),

(5) Mi(G1 ®4 G2) = p1 M1(GS),

(6) Mi(G1 ®5 G2) = Mi(GS)M:1(G-),

(1) Mi(G1®6 G2) = p2M1(G1),

(8) Mi(G1®7 G2) = M1(G1)M:1(G3).

Proof: By Lemma 2.5, Lemma 2.6 and through the definition of first Zagreb index, we get

(1) Mi(G1®0G2) = > 31 @0Ga (4,)
(u,v)eV(G1®0G2)

Do D 88 (Wi, (v)
ueV(G1)veV (Ga)
= Mi(G1)M1(G2),

(2) Mi(G1®1G2) Z 5é1®1G2(va)

(u,0)EV(G1®1G2)

= > e D (1)

uweV(Gy) veV(G2)
= p2Mi(Gy),
(3) Mi(G1®2G2) = > 8,026 (,0)

(u,0)EV(G1®2G2)

= Z Z 8, (u)8Gg (v)

ueV (G1)veV (Ga)

= Z 5@1 Z 6G“

uweV(G1) veV(G2)
= M (G1)Mi(Gs),
(4) My (Gl X3 GQ) = Z 52GI®SG2 (u7 'U)

(u,v)eV(G1®3G2)

= > 1) Y 8w

ueV(Gy) veV(G2)
- lel(G2)7
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(5) Mi(G1®4G2) > 804G (5 0)

(u,v)EV(G1®4G2)

B SRR S
ueV (Gq) veEV(G2)

= lel(G§)7

(6) Mi(G1®s5G2)

Z 6%1®5G2 (u,v)

(u,v)EV(G1®5G2)

= D> ke(wdd,(v)

ueV (G1)veV (Ga)
= Mi(GT)M:i(G2),

(7) Mi(G1 ®¢ G2)

Z 62GI®GG2 (u,v)

(u,0)EV(G1®6G2)

= D ) kW

ueV(G1)veV (Ga)

= > & Yo ()

u€V(G1) veEV(G2)
= paM:i(GY),

(8) My (Gl &7 GQ) Z 5é1®7c2 (uv v)

(u,0)eV(G1®7G2)

= D> ke (wdEs(v)

uweV(G1)veV (Ga)
= Ml(Gi)Ml(Gg) ]

Corollary 3.2 Let G; ~ P, be a path graph with n vertices and G2 ~ C), be a cycle graph with
m vertices, where

[V (Pp)| =n,|E(Pr)] =n—1and |V(Cn)| = |E(Cwn)| = m, then we have,
My (P, ®0 Cm) = 8m(2n — 3),
M (P, @1 Cm) = 2m(2n — 3),
Mi(Pn, ®2 Cr) = 2m(2n — 3)(m — 3)?,
M, (P, @3 Cr,) = 4nm,
Mi(Pn ®4 Cm) = nm(m — 3)?,
Mi (P, ®;5 Cry) = 4m(n — 2)(n? — 4n + 5),
M (P, ®6 Cm) = m(n — 2)(n? — 4n + 5),

M (P, @7 Cm) = m(n — 2)(n? — 4n + 5)(m — 3)%
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Proof: By [16],[3];
My(G%) = My (G) +p(p—1)* — 4g(p — 1).
Where [V(G)| = p, [E(G)| = ¢
From [9] we have M (P,) = 4n — 6, M1(Cm) = 4m
Where |V(P,)| =n,|E(P,)|=n—-1

and |V (Cn)| = |E(Cn)| = m.

Then,
Mi(P) = (4n—6)+n(n—1)°—4n-1)>
= (An—6)+ -4 (n-1)>
= (n—6)+(n—4)(n°—2n+1)
= n®—6n®+13n—10
= (n®—4n®+5n) — 20> +8n — 10
= n(n® —4n+5) —2(n® —4n +5).
Similarly;

M(CL) = 4m+m(m—1)> —4m(m —1)
= m@A+m®—2m+1—4m+4)
= m(m® —6m+9)
= m(m—3)>

By using Theorem 3.1, the proof was completed. a

4 Second Zagreb Index of New Graph Operations

In this section, we studied the second Zagreb Index of new graphs and some of its special cases.
Theorem 4.1: Suppose G{, G5 be complements of G; and G3 respectively, then

(1) M2(G1 ®0 G2) = 2M2(G1)M2(G2),

(2) M2(G1®1 G2) = p2Ma(Gh),

(3) Ma(G1 ®2 Ga2) = 2Ma(G1)M2(G5),

(4) Ma2(Gi ®3 G2) = p1Ma(G2),

(6) M2(G1 ®4G2) = p1M2(G3),

(6) M2(G1®s5 G2) = 2M2(GT)M2(G2),

(7) M2(G1 X6 G2) = p2M2(Gf),
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(8) M2(G1 ®7 G2) = 2M2(GT)M2(GS3).

Proof: By Lemma 2.5, Lemma 2.6 and definition of second Zagreb index, we get
(1) M2(G1®0G2) = Z dc100G2 (@, b)5G1®0G2 (¢,d)

(a,b)(c,d)EE(G1R®0G2)

2 Z Z 0c,ad0G,bdc, cda,d

ac€E(G1) bd€ E(G2)

2 Y bagadcc D dg,bda,d

aceE(G1) bdeE(G2)
= 2M>(G1)M2(G2),
(2) M2(Gl ®1 G2) = Z 5G1®1G2 (a7 b)5G1®1G2 (Ca d)

(a,b)(c,d)EE(G1®1G2)

= Z Z d0c,adq, ¢

b=d=veV (G2) ace E(G1)

= Z 1 Z 0, a0q; ¢
veEV(G2) aceE(Gy)

= p2M2(G1),

(3) Ma2(G1®2G2) = Z 361®262(a,b)0G, @26, (¢, d)
(a,b)(c,d)EE(G1®2G2)

= 2 > > baadcsbéc, cdgyd
)

ac€E(G1) bde E(G§

= 2 Z 0, ada, ¢ Z 5ng(scgd

aceE(Gq) bdGE(GE)
= 2M>(G1)M2(G5),
(4) M2(G1 ®3 GQ) = Z 6G1®3G2 (a7 b)5G1 ®3G2 (Ca d)

(a,b)(c,d)€EE(G1®3G2)

= > > ba,bda,d

a=c=u€V(G1) bdeE(G2)

= Z (1) Z d0aybda,d

u€eV(G1) bde E(G2)
= p1M2(G2),

(5) M2(G1®4G2) = Z 061 ®4G2(a,0)0G 2462 (c, d)
(a,b)(c,d)€EE(G1®4G2)

= > > dagbdogd

a=c=u€V(G1) bde E(GS)

= > (1) > dagbdasd

weV(G1) bde E(GS)
= leQ(G§)7
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(6) M2(G1®s5G2) = > dc1 @565 (a,b)0c, @56 (¢, d)
(a,b)(c,d)€E(G1®5G2)

= 2 Z Z (5(;; aday bdc;; cdg,d

ac€E(G{) bdeE(G2)

= 2 > dgsabgse | dg,bda,d

aceE(GY) bde E(G2)
= 2My(G1)Mz(G2),
(1) M2(Gr1®6 G2) = Z dc10662(a,0)0G, @66 (¢, d)

(a,b)(c,d)eE(G1®6G2)

= Z Z 5g<1: a(sG?C

b=d=veV (G2) ac€e E(GY)

= sumveV(GQ) (1) Z 5@5 a5gf &
ac€E(GY)

= pQMQ(G§)7

(8) Ma(Gi1®7G2) = > 0G1@702(a,0)0¢,07c5 (c; d)
(a,b)(c,d)€ E(G1®7G2)

= 2 Z Z 6Gf a5gg b(SGf C(chd
)

ac€E(G{) bde E(GS

= 2 Z 5@5&6@56 Z (5ng6ch

ac€E(GY) bde E(GS)

Corollary 4.2 Let G1 ~ P, is a path with n vertices and G2 ~ C,, is a cycle with m vertices,
where:

\V(P,)| =n,|E(P,)| =n—1and |V(Cn)| = |E(Cm)| = m, then we have,
Mz (P, ®0 Cpn) = 32m(n — 2),
Ma(Pn ®1 Ci) = 4m(n — 2),
M>(Py @2 C) = dm(n — 2)[4(3m — 5) + (m — 7)(m — 1)*],
Mo (P @3 Cr) = 4nm,
Mo(Pn ®4 Crm) = 3nm[4(3m — 5) + (m — T)(m — 1)?],
Ms(P, ®;5 Crm) = 4m[(n — 5)(n — 2)(n — 1)* + 2(2n — 3)* — 8(n — 2)],
M(Pp ®6 Cm) = 2m[(n —5)(n — 2)(n — 1)> + 2(2n — 3)> — 8(n — 2)],
Ma(Pp ®7 Cim) = 2[L((n — 5)(n — 2)(n — 1)*> + 2(2n — 3)? — 8(n — 2))],

[%m(4(3m —5)+ (m —7)(m —1)?)].
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Proof: By [16],[3];
Ma(GF) = 5p(p = 1) = 3alp — 1) +2¢* + LM (G) - Ma (G
Where |V(G)] = p, |E(G)| = q
From [9] we have Ms(P,) = 4n — 8, Mz(C) = 4m
Where |V(P,)| =n,|E(P,)|=n—-1

and [V(C)| = |E(Cm)| = m.

Then,
MaP) = nln—1)° = 3(n— 1) +2(n —1)° + 22 (4~ 6) — (4n - 8)
_ %[(n— 12(n® —n— 6n+ 6+ 4) +2(2n — 3)% — 8(n — 2)]
= %[(n —1)*(n® — Tn +10) + 2(2n — 3)* — 8(n — 2))
- %[(n —1)2(n— 2)(n — 5) +2(2n — 3)% — 8(n — 2)].
Similarly,
Ma(CS) = %m(m 1) = Sm(m = 1) 4 2m® + 23 () — 4m
- %m[(mf 1)2(m — 1 — 6) + 4m + 8m — 12 — §]
- %m[(m—l)Q(m—7)+4(3m—5)]. 0

By using Theorem 4.1, the proof was completed.

5 Forgotten Zagreb Index of New Graph Operations

In this section, we introduce forgotten Zagreb Index of new graphs and some of its special cases.

Theorem 5.1 If G{, G5 be two complements of G; and G2 respectively. Then
(1) F(G1®0G2) = F(G1)F(G2),
(2) F(G1®1Gz2) =paF(Gh),
(3) F(G1®2Ga2) = F(G1)F(GS),
(4) F(G1®3G2) = p1F(Ga),
(5) F(G1®4G2) =pi1F(GY),

(6) F(G1®s5G2) =F(G)F(G2),
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(7) F(G1®¢ Gz2) = p2F(G1),

(8) F(G1®7G2) = F(GY)F(GY).

Proof: By Lemma 2.5, Lemma 2.6 and definition of F-index, we get

(1) F(G1®o G2)

Z 5g1®0G2 (u,v)

(u,v)EV(G1®0G2)

- Yo G (w)ic, )

(u,v)EV(G1®0G2)

= Z Z 8¢, (1) 8¢, (v)

ueV(G1) veV(G2)

— Z 6G1 Z (5@2

u€V(G1) veEV(G2)

= F(G1)F(G2),

(2) F(Gl &1 GQ) Z 6231@1@2 (uv U)

(u,v)eEV(G1®1G2)

= > (b¢, (u)?

(u,v)€V(G1®1G2)

DI IR AC)

ueV(G1) veV (Ga)
= > & D (1)
u€V(G1) vEV (G2)
= PRF(Gy),

(3) F(G1®:2G2) > 8y 2G5 (U5 V)

(u,v)EV(G1R®2G2)

= > (66, (w)dag (v))?
(u,v)EV(G1®2G2)

= D> 68 (woks(v)

ueV(G1) veV(Ga)

- Y R Y e

ueV(Gq) veV(G2)
= F(G1)F(G3),
(4) F(Gl &3 GQ) = Z 681@302 (uv U)

(u,v)EV(G1®3G2)

= > U Y W

ueV(Gy) veV (G2)
= plF(G2)7
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Corollary 5.2 Let G1 ~ P, be a path graph with n vertices and G2 ~

(5) F(G1®4G2)

Z 621@46'2 (uvv)

(u,v)€V(G1®4G2)

>

ueV(Gq)

Z 8¢ (v)

veEV(G2)

= plF(Gg)v

(6) F(G1®s5G2) =

Z 63Gl®5G2 (u,v)

(u,v)eV(G1®5G2)

P>

Z ‘SGL 6G2 ))3

ueV(G1)veV (Ga)

- ¥

ueV(Gq)

= F(G)F

(1) F(G1®6G2) =

6GC Z 56‘2 (’U

veV(G2)

(GQ)a

6g1®6G2 (u7 U)

(u,v)EV(G1®6G2)

P>

> Gke(w)

u€V(G1) veEV(Ga)

- ¥

ueV(Gq)

Sge(u) > (1)

veV(G2)

= PF(GY),

(8) F(G1®7Go2)

Z 62;1@7@2 (u,v)

(u,v)EV(G1®7G2)

P>

Y (Gos(w)dcg (v)*

ueV (G1) veV(G2)

= >

ueV(Gq)

5ge(u) Y 0k (v

vEV(Gz)

= F(G)F(GS). 0

m vertices, where

[V(Pp)| =n, |E(Pp)| =n—1and [V(Cn)| =

then we have,

F(
F(

F(

F(P, ®3 Cr) = 8nm,

F(

P, ® Crn) = 16m(4n —7),
P, ®1 C) = 2m(4n = 7),

P, ®2 Cy) =2m(4dn — T)[(m — 7)(m —

[E(Cm)| = m,

1) + 4(3m - 5)],

P, ®4 Cy) = nm[(m — 7)(m — 1)% + 4(3m — 5)],

C\, be a cycle graph with
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F(P, ®5 Crm) = 8m[(n —1)*(n — 6) 4+ 6(n — 1)(2n — 3) — 2(4n — 7)],
F(P, ® Cn) = m[(n —1)3(n — 6) + 6(n — 1)(2n — 3) — 2(4n — 7)],
F(P, ®7 Cn) = m[(m — 7)(m — 1)? 4+ 4(3m — 5)],

[(n—1)*n —6)+6(n—1)(2n —3) — 2(4n — 7)].

Proof: By [17], for a graph G, where |V (G)| =p, |E(G)| = ¢
F(G%) =p(p—1)* = F(G) = 6q(p — 1)* + 3(p — 1)M1(G).
Where |V(G)| = p, |E(G)| = q

Where |V(P,)| =n,|E(P,)| =n—1and |[V(Cn)| = |E(Cm)| =m.

Then,
F(PS) = n(n—1)"—(8n—14) — 6(n — 1)° + 3(n — 1)(4n — 6)
(n—1)*(n—6) —2(4n —7) +6(2n — 3)(n — 1).
Similarly,
F(CS) = m(m—1)% —8m —6m(m —1)° + 3(m — 1)(4m)

= mim—1)>*m—7)—4m(2 — 3m + 3)

= ml(m—1)*(m —7)+4(3m — 5)].
By using Theorem 5.1, the proof was completed. O

6 Possible Applications of New Graph Operations

A chemical graph is a graph which vertices denote atoms and edges denote bonds between atoms
of any underlying chemical structure. The degree of a vertex is the number of vertices which are
connected to that fixed vertex by the edges. In a chemical graph, the degree of any vertex is at
most 4 [18]. In this section, we give in (Table 1) some applications as special cases ( Zagreb
Indices of graphs resulted by molecular structures as alkanes P, and cyclic alkanes C),). In (Table
2) we compute the correlation coefficient between previous Zagreb Indices as shown in (Table 1).

In (Table 2), r; = r(P, ®; Cy,) are correlation coefficients between Zagreb Indices of P, ®; Cp,,
where i € {0,1,...,7}. It is clear that Zagreb indices considered are perfect correlated since
0.99 < r < 1. Therefore, we can use these indices to compare between properties of molecular
graphs that resulted by P, and C,.
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Table 1. Some Zagreb Indices of P, ®; Cn,

(n,m) [ 49 45 46 ] 6465 [ (56)

| 6,4 ] (65) | (6,6)

M (P @0 Cm) | 40 | 50 | 240 | 224 | 280 | 336 | 288 | 360 | 432
My (P, @0 Cm) || 256 | 320 | 384 | 384 | 480 | 576 | 512 | 640 | 768
F(P, ®0 Cm) || 576 | 720 | 864 | 832 | 1040 | 1248 | 1088 | 1360 | 1632
Mi(Pn®1Cm) || 40 | 50 | 60 | 56 | 70 84 72 | 90 | 108
My(P, @1 Cm) || 32 | 40 | 48 | 48 | 60 72 64 | 80 96
F(Pn @1 Crm) 72 | 90 | 108 | 104 | 130 | 156 | 136 | 170 | 204
M (P, ®2 Cr) || 80 | 400 | 1080 | 112 | 560 | 1512 | 144 | 720 | 1944
My(P, @2 Cr) || 32 | 320 | 1206 | 48 | 480 | 1944 | 64 | 640 | 2592
F(P, ®2 Crm) 72 | 720 | 2916 | 104 | 1040 | 4212 | 136 | 1360 | 5508
My(P, ®3Cpm) | 64 | 80 | 96 | 80 | 100 | 120 | 96 | 120 | 144
My(P, ®5Cm) | 64 | 80 | 96 | 80 | 100 | 120 | 96 | 120 | 144
F(P,®3Cm) || 128 | 160 | 192 | 160 | 200 | 240 | 192 | 240 | 288
M (P, @1 Cm) || 16 | 80 | 216 | 20 | 100 | 270 | 24 | 120 | 324
My(Pn, @4 Cm) || 8 80 | 324 | 10 | 100 | 405 | 12 | 120 | 486
F(P, @1 Cr) 16 | 160 | 648 | 20 | 200 | 810 | 24 | 240 | 972
M (P, ®5 Cm) || 160 | 200 | 240 | 480 | 600 | 720 | 1088 | 1360 | 1632
My(P, @5 Crn) || 256 | 320 | 384 | 1184 | 1480 | 1776 | 3680 | 4600 | 5520
F(Pn, ®;Cpm) || 576 | 720 | 864 | 2496 | 3120 | 3744 | 7552 | 9440 | 11328
M (P, ®;Cm) || 40 | 50 | 60 | 120 | 150 | 180 | 272 | 340 | 408
My(P, @6 C) || 32 | 40 | 48 | 148 | 185 | 222 | 460 | 575 | 690
F(P, @6 Cm) 72 | 90 | 108 | 312 | 390 | 468 | 944 | 1180 | 1416
M (P, ®7 Cr) || 40 | 200 | 540 | 120 | 600 | 1620 | 272 | 1360 | 3672
My(P, @7 Crn) || 64 | 640 | 2592 | 296 | 2960 | 11988 | 920 | 9200 | 37260
F(Pn @7 Crm) 72 | 720 | 2916 | 312 | 3120 | 12636 | 944 | 9440 | 38232

Table 2. Correlation coefficient between Zagreb Indices of P, ®; Cy,

T0 M, Mo F 1 M, Moy F

My | 1.000 | 0.998 | 0.999 || M: | 1.000 | 0.998 | 0.999
Mo | 0.998 | 1.000 | 0.999 || M2 | 0.998 | 1.000 | 0.999
F 0.999 | 0.999 | 1.000 F 0.999 | 0.999 | 1.000
T2 M,y Mo F T3 My Mo F

My | 1.000 | 0.995 | 0.995 || M | 1.000 | 1.000 | 1.000
M, | 0.995 | 1.000 | 1.000 || M2 | 1.000 | 1.000 | 1.000
F 1 0.995 | 1.000 | 1.000 F 1.000 | 1.000 | 1.000
T4 M1 M2 F Ts M1 M2 F

M; | 1.000 | 0.995 | 0.995 || M | 1.000 | 0.996 | 0.996
Mo | 0.995 | 1.000 | 1.000 || M2 | 0.996 | 1.000 | 1.000
F 1 0.995 | 1.000 | 1.000 F 10996 | 1.000 | 1.000
T6 M1 M2 F T7 M1 MQ F

M; | 1.000 | 0.996 | 0.996 | M; | 1.000 | 0.990 | 0.991
Mo | 0.996 | 1.000 | 1.000 || M2 | 0.990 | 1.000 | 1.000
F 1 0.996 | 1.000 | 1.000 F 10991 | 1.000 | 1.000
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Concluding Remarks

Several articles have studied the Zagreb indices of the different graph operations. In this article, we
have studied some new graph operations for well-known degree-based topological indices such as the
first Zagreb index, second Zagreb index and forgotten index ”F-index”. Moreover, our computed
results have applied on some molecular structures as alkanes P, and cyclic alkanes C),, and the
strong correlation coefficients between them have been appeared.

Competing Interests

Authors have declared that no competing interests exist.

References

Alsharafi M, Shubatah M, Alameri A. On the Hyper-Zagreb coindex of some Graphs. J. Math.
Comput. Sci. 2020;10(5):1875-1890.

Behmaram A, Yousefi-Azari H, Ashrafi AR. Some New Results on Distance-Based Polynomials.
Commun. Math. Comput. Chem. 2011;65:39-50.

Gutman I, Furtulal B, Kovijani Z, Goran P. On Zagreb indices and coindices. MATCH
Commun. Math. Comput. Chem. 2015;74(1):5-16.

Pattabiraman K. F-Indices and its Coindices of chemical graphs. Advanced Math. Models and
Applications. 2016;1(1):28-35.

Alameri A. New product binary operations on graphs. Journal of Science and Technology,
Journal of Science and Technology. 2016;21:1.

Gutman I, Rusic B, Trinajsti N, Wilcox Jr CF. Graph theory and molecular orbitals. XII.
Acyclic polyenes. The Journal of Chemical Physics. 1975;62(9):3399-3405.

Gutman I, Trinajsti N. Graph theory and molecular orbitals. Total -electron energy of alternant
hydrocarbons. Chemical Physics Letters. 1972;17(4):535-538.

Alameri A, Al-Naggar N, Al-Rumaima M, Alsharafi M. Y-index of some graph operations.
International Journal of Applied Engineering Research (IJAER). 2020;15(2):173-179.

Alameri A, Al-Rumaima M, Almazah M. Y-coindex of graph operations and its applications
of molecular descriptors. Journal of Molecular Structure. 2020;128754.

Fath-Tabar G. H Old and new Zagreb indices of graphs. MATCH Commun. Math. Comput.
Chem. 2011;65:79-84.

Furtula B, Gutman I. A forgotten topological index. Journal of Mathematical Chemistry.
2015;53(4):1184-1190.

Ayache A, Alameri A. Topological indices of the mk-graph. Journal of the Association of Arab
Universities for Basic and Applied Sciences. 2017;24:283-291.

Alsharafi M, Shubatah M, Alameri A. The hyper-Zagreb index of some complement graphs.
Advances in Mathematics: Scientific Journal. 2020;9(6):3631-3642.

Ghalavand A, Reza A, Gutman I. Extremal graphs for the second multiplicative Zagreb index.
Bulletin of International Mathematical Virtual Institute. 2018;8(2):369-383.

Khalifeh M, Yousefi-Azari H, Reza A. The first and second Zagreb indices of some graph
operations. Discrete Applied Mathematics. 2009;157(4):804-811.

Alsharafi M, Shubatah M, Alameri A. The first and second Zagreb index of complement graph
and its applications of molecular graph. Asian Journal of Probability and Statistics. 2020;15-30.

29



Alameri and Al-Sharafi; AJPAS, 18(2): 16-30, 2021; Article no.AJPAS.69128

[17] Basavanagoud B, Desai VR. Forgotten topological index and hyper-Zagreb index of generalized
transformation graphs. Bull. Math. Sci. Appl. 2016;14:1-6.

[18] Imran M, Hayat S, Mailkr M. On topological indices of certain interconnection networks.
Applied Mathematics and computation. 2014;244:936-951.

© 2021 Alameri and Al-Sharafi; This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted
use, distribu-tion, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:

The peer review history for this paper can be accessed here (Please copy paste the total link in your browser
address bar)

hitp://www.sdiarticle4.com/review-history /69128

30


http://creativecommons.org/licenses/by/2.0

	Introduction
	Preliminary Results 
	First Zagreb Index of New Graph Operations 
	Second Zagreb Index of New Graph Operations 
	Forgotten Zagreb Index of New Graph Operations 
	Possible Applications of New Graph Operations 
	Concluding Remarks

