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ZAGREB CONNECTION INDICES OF DISJUNCTION AND
SYMMETRIC DIFFERENCE OPERATIONS ON GRAPHS

USMAN ALI', M. JAVAID!~

ABSTRACT. In this paper, we compute the general results in the form
of the upper bounds of the Zagreb indices based on connection number
called as first Zagreb connection index, second Zagreb connection index
and modified first Zagreb connection index for the resultant graphs which
are obtained by applying the product-related operations such as disjunc-
tion (co-normal product) and symmetric difference. At the end, some
applications of the obtained results with a comparison between exact and
computed values of the aforesaid Zagreb connection indices for the partic-
ular classes of alkanes are also included.
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1. INTRODUCTION

Topological indices (TT’s) are the fixed real numbers directly linked with the
molecular graphs which are used to predict the physicochemical properties of
the chemical compounds such as critical temperature, connectivity, density,
stability, chirality, ZE-isomerism, correlation coefficient, boiling point, see [1,
2]. Medicinal chemistry, drugs and bio-informatics current trends in drugs
discovery & crystalline materials have studied with the help of various TT’s [3—
10]. In addition, the quantitative structures activity relationships (QSAR) and
quantitative structures property relationships (QSPR) are used to compute
relationship between molecular graphs to their biological reactions. For more
details, we refer to [11-13] and Todeschini and Consonni [14] reported that
these relationships play an important role in the subject of cheminformatics.
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In history, the first TT was studied by famous chemist Harold Wiener (1947)
[15] when he worked successfully on the boiling point of paraffin. First time in
1972, Gutman and Trinajstic [16] defined degree based TI named first Zagreb
index. Gutman and Ruscic extended their work and developed a new TI named
second Zagreb index. Now at present time, so many revolutionized work have
been presented on these TT’s, see [17-19]. After a long space, Furtula and
Gutman [20] studied one more TT and called it as forgotten index. Currently,
many worked related to TI’s with various properties have been studied, see
2, 21].

In 1972 [16], Gutman defined another descriptor which depends on that
degree whose distance from corresponding vertex must be two. No one re-
searchers had put their eyes or attention to this descriptor till 2017. Recently,
Ali and Trinajstic [22] reopened this idea and called it as modified first Zagreb
connection index. They also reported that it has better absolute value of cor-
relation coefficient for the following thirteen physicochemical properties of oc-
tane isomers. Now-a-days, this descriptor are being used in various disciplines
of graph theory especially in chemical graph theory to predict the physico-
chemical properties of chemical compounds liked alkanes, extremal alkanes
and cycloalkanes etc. For more detail, see [23-25].

Operations on graphs have paid very important position in the study of
chemical graphs. A simple graph can be changed or designed into various
chemical structures by applying any one product-ralated operations such as:
a cycloalkanes in the molecular graph obtained by the corona product of No
with any graph @), a lader graph is a chemical graph obtained by the cartesian
product of P11 & P, and the C4 nanotube TUCy(m,n) is designed by the
cartesian product of P, & P,, and so on. So, many resultant graphs which are
designed by any one producted-related operations are shown in the literature
[26-37].

In this paper, we compute the general results in the form of upper bounds of
the first Zagreb connection index, second Zagreb connection index and modi-
fied first Zagreb connection index of the resultant graphs which are obtained
by applying various product-related operations such as disjunction and sym-
metric difference. The rest of the paper is settle as: Section II represents the
preliminary definitions and results. Section III covers the general results of
product-related graphs and Section IV includes the applications & conclusion.

2. PRELIMINARIES

Let @ = (V(Q), E(Q)) be a simple and connected molecular graph with
vertex set V(Q) and edge set E(Q) C V(Q) x V(Q) such that their cardi-
nalities are called order and size of @) respectively. Todesehini and Consonni
[38] defined the generalized form of the degrees of vertices of the graph @ as
Ffo(b) = [FNg(b)|, where *Ng(b) = {a € V(Q) : d(a,b) = k}. For k=1 and
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k=2, 1 fo(b) = dc(b) and 2 f(b) = 7¢:(b) are called the degree and connection
number of the vertex b in the graph (). In chemical modeling of molecular
descriptors, chemical terms atom and bond are equal to graphical terms vertex
and edge respectively. Now, throughout the paper, we assume that ()1 and Q-
are two connected graphs such that |V (Q1)| = n1, |[V(Q2)| = ne, |E(Q1)] = €1
and |E(Q2)| = ea.

Definition 1. For a graph Q, the first Zagreb index (M1(Q)), second Zagreb
index (M2(Q)) and their coindices are defined as:

Mi(Q)= Y lde®)P = Y ldola) +dg(d)),

beV(Q) abeE(Q)

My(Q) = > [dg(a) x dg(b)),
abeE(Q)

M(Q) = ) ldgla)+dg(b)]
abg E(Q)

and

Ma(Q) = ) ldo(a) x do(b)].
bEB(Q)

The two TT’s defined in above Definition 1 are a few decades old and two
are recently degree based version descriptors for the chemical structure defined
by Gutman, Trinajstic, Ruscic and Ashrafi see [16, 39, 40]. But these are
very popular descriptors to compute the activity & quantitative structural
properties of the molecular graphs such as chirality, heterosystems, branching,
total m-electron energy and complexity, see [11, 12]. Corresponding to these
degree-based T1I’s, the connection-based TT’s are defined in Definition 2. For
further studies of connection-based TI’s, see [22, 25, 26, 41].

Definition 2. For a graph Q, the first Zagreb connection index (ZC1(Q)) ,
second Zagreb connection index (ZC2(Q)) and modified first Zagreb connection
index (ZC(Q)) are defined as;

ZC1(Q) = Y [r®),
beV(Q)

2C2(Q) = Y I[rqla) x mq(b)]

abeE(Q)

and

ZCH Q)= D do®b)m®) = Y [r(a) + ().

beV(Q) abeB(Q)
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FIGURE 2. (p)Ql >~ (s, (q)QQ =~ P, and (I‘)Ql P Q.

Definition 3. The disjunction (Q1 V Q2) and symmetric difference (Q1 ®
Q2) of two graphs Q1 and Q2 are obtained by taking vertex set : V(Q1 X
Q2) = V(Q1) X V(Q2) and edge set: E(Q1 x Q2) = {(a1,b1)(az,bs); where
(a1,b1), (az,b2) € V(Q1) x V(Q2)} with conditions: [ajas € E(Q1)] or [bibs €
E(Q2)], and [a1az2 € E(Q1)] or [bibe € E(Q2)], but not both hold at the same
time, respectively.

For more detail, see Figures 1 & 2.

Lemma 1. [42] Let Q be a connected graph and Q be its complement. Then
(1) > do(b) =2e,
beV(Q)
(ii) dg(b) = (n — 1) — dg(b) and
(11i) M1(Q) = M1(Q) — 4, where |[V(Q)| =n and |[E(Q)| = e.

)

Lemma 2. [18] Let Q be a connected graph with n vertices and e edges. Then

Q(a) +dg(a) < > (dg(b), where equality holds if and only if Q is a
bGNQ(a)

{Cs,Cy}— free graph.
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Lemma 3. [26] Let Q) be a connected and {Cs, Cy}— free graph with n vertices
and e edges. Then, > T1g(a)= Mi(Q)— 2e.
aeV(Q)

3. MAIN RESULTS
The main results have been started here.

Theorem 4. Let ()1 and Q3 be two connected graphs. Then, ZCy of the dis-
gunction (co-normal product) of Q1 and Q2 are as follows:

ZC1(Q1V Q2) <naMy(Q1) +4ZC1(Q1)ZC1(Q2) +n1M1(Q2) +ning + 4nges
+4ZCT(Q1)[M1(Q2)—2e2]+4ZC7(Q2) [M1(Q1) —2e|+4[M1(Q1) —2e1][M1(Q2)
— 2e9] 4 8erea + 4nge;.

Proof. 1f for any a € V(Q1), b € V(Q2) and 19,vq,(a,b) < dg, (a) + 219, (a)
X TQz(b) + dQ2(b> + 1.

ZC1(Q1V Q2) = X (ap)ev(@ivas Ta1vas (a, b))

< D aev(@1) 2obev(@a)ldai (@) + 27, (a)7q, (b) + {dq, (b) + 1}]?

= Y uevign[n2dy, (a) +473 () ZC1(Q2) + Mi(Q2) +na +4dez +4dg, (a)7q, (a)
x {M:1(Q2) — 2e2} + 4710, (a) ZCT (Q2) + 47¢, () { M1(Q2) — 2e2} + deadq, (a)
+ 2n2dq, (a)]

=noMi(Q1) +4ZC1(Q1)ZC1(Q2) + niMi(Q2) + ning + 4njez +4ZC7 (Q1)
X [M1(Q2) —2e2] +4ZC7(Q2)[M1(Q1) — 2e1] + 4[M1(Q1) — 2e1][ M1 (Q2) — 2es]
+ 86162 + 471261. ]
Theorem 5. Let ()1 and Qs be two connected graphs. Then, ZCy of the dis-
Junction (co-normal product) of Q1 and Q2 are as follows:

ZCy(Q1V Q2) <4ZCT(Q1)ZCT(Q2) + 2[M1(Q2) — 2e2] ZCT(Q1) + 2[M1(Q1)
—2e1]ZC7(Q2)+8ZC2(Q1) ZC(Q2)+4[ZC1(Q1) ZC2(Q2)+ZC1(Q2) ZCa(Qn))]
+ (n2 + 02 + 2e2) M2(Q1) + (n1 + 61 + 2e1) Ma(Q2) + (n2 + b2 + Sez) M1(Q1)
+ (n1 + 01 + 5e1) M1(Q2) + (n1 + 61)ea + (n2 + d2)er + 10ejea + e2[M1(Q1)
+M2(Q1)]+e1[M1(Q2)+M2(Q2)]42[M1(Q1)—2€1] 34 1, e 5(0,) [dQ2 (01) @, (b2)
+ d@, (b2)7Q, (b1)] + 2[M1(Q2) — 2€2] 3 -, 0 e p(01)[dar (a1)7q, (a2) + dg, (az)
XTQy (al)} +4 ZachQEE(Ql) Eb1b2€E(Q2) [dQ1 (al)TQl (QQ)TQz (b2)+dQ1 (‘LQ)TQl (al)
X TQq (bl)] +2 ZalazeE(Ql) ZbleEE(QQ) [dQl (al)dQ2 (b2) + dQl (a2)dQ2 (bl)]

+4 Za1a2€E(Q1) EbleEE(Qz) [dQQ (bl)TQ2 (b2)TQ1 (a2) + dQ2 (62)7_@2 (bl)TQl (al)]
+4 Ea1a2€E(Q1) ZbleEE(QQ) [TQl (al)TQz (bl) +TQ1 (a2)TQ2 (bQ)] +2 ZalaQGE(Ql)
D bibag B(Q2) 1401 (u1)TQ, (u2) 7, (V2) + da, (u2) 7, (U1)TQ, (V)] + X0, ase 1)
Zb1b2¢E(Q2) [dq, (u1)dq, (v2)+dq, (u2)dq, (v1)]+42C2(Q1) Zb1b2¢E(Q2) (70, (v1)
X TQ,y (v2)]+2 ZalaQEE(Ql) Zb1b2¢E(Q2) [dq, (b1)7q, (b2) T, (a2) +dq, (b2) T, (b1)
X TQ (a1)] +2 ZalageE(Ql) ZblbgiE(Qg) [TQI (al)TQz (b1) + TQ1 (a2)7Q2 (b2)]

+2 ZblbzeE(Qz) Za1a2¢E(Q1) [dQ1 (al)TQ1 (GZ)TQz (b2) + dq, (a2)7Q1 (al)TQz (b1)]
+ ZblbzeE(Qg) Za1a2¢E(Q1) [dg, (a1)dq, (b2) + dg, (a2)dq,(b1)] +4ZC(Q2)



6 Usman Ali, M. Javaid

X 2 arasg BQ1) 71 (a1)7Q, (a2)] + 230, 1 e 5(Qo) 2oarasg £(Q1) 1402 (01)Tq, (b2)
XTQ, (a2) +dQ2 (bQ)TQ2 (bl)TQl (al)] +2 ZbleGE(QQ) ZalagéE(Ql) [TQI (al)TQZ (bl)
+ 70 (GQ)TQQ (b2)] :

Proof. ZC(Q1VQ2) = 3 (a; by)(az,b2) € B(Q1vQ2) [TQ1VQ2 (1, 01) X Ty v, (a2, b2)]
= ZaEV(Ql) ZbleEE(Qg) [TQ1VQ2 (a7 bl) X TQ1vVQ2 (a’ bQ)]

+ ZbeV(QQ) ZalageE(Ql) [TQ1VQ2 (a1,b) x TQ1VQ2 (az, b)]

+ ZalaQGE(Ql) ZbleEE(Qg) [TQl\/QQ (a1,b1) x TQ1VQ2 (az, bQ)]

+ ZalageE(Ql) Zb1b2¢E(Q2) [TQ1VQ2 (ah bl) X TQ1vQ2 (a27 62)]

+ ZblbzeE(Qz) Za1a2¢E(Q1)[TQ1VQ2 (a1,b1) X 7Q,vQ, (a2, b2)].

Taking

EaeV(Ql) ZblbzeE(Qz)[TQ1VQ2 (a,b1) x TQ1VQ2 (a,b2)] <
ZaeV(Ql) ZblbgeE(Qz) X [{dQl (a) + 279, (a)TQz (b1) + dQ, (b1) +1} x {dQl (a) +
27, (a)7Q, (b2) + d@, (b2) + 1} = Yy (1) 2bibre (o) 40, (@) +
2dg, (a)1q, (a){7qQ,(b1) + 7@, (b2) } + dg, (a) x {dqg,(b1) + dg, (b2)} + 2dg, (a) +
473 (a)7Q, (b1)7Q, (b2) + 27, (a){dqQ, (b1)7Q, (b2) + dq, (b2)Tq, (b1)} +
2TQ1 (a){TQz <b1> +7Q, (b2)} + {sz (bl)sz (bQ)} + {sz (bl) + sz (b2)} + 1] =
eaM1(Q1) +2ZCF(Q1)ZCT(Q2) + 2e1 M1 (Q2) +4erex +4Z2C1(Q1)ZCo(Q2) +
2[M1(Q1) — 2e1]ZCT(Q2) + n1Ma(Q2) + n1Mi(Q2) + niez + 2[M1(Q1) —
2e1] X D h by B(Qy) [dQ2 (01)TQ, (b2) + d@, (b2)Tq, (b1)]-

Similarly

ZbeV(QZ) ZalageE(Ql)[TQ1VQ2 (al’ b) X TQ1VQ2 (a27 b)] =
naMo(Q1) + 2e2M1(Q1) + naM1(Q1) +4Z2C2(Q1) ZC1(Q2) +
2ZCT(Q2)ZCT(Q1) +2[M1(Q2) — 2e2] ZCT(Q1) + e1 M1 (Q2) + derez + nger +
2[M1(Q2) — 2e2] >4, 0,e () Ao (a1)Tq, (a2) + dg, (a2)Tq, (a1)]-

Also taking

D a1as€E(Q1) 2abibad B(Q2) TQ1vQ2 (a1, 1) X TQ v, (a2, b2)] <
D a1as€E(Q1) 2abibag B(Qe) {01 (a1) + 270, (a1)7q, (b1) + d@, (b1) + 1} X
{dQl (aQ) + 27q, (a2)TQ2 (b2) + dQ2 (b2) + 1}]

Since
Z :ng(ng—l)—2€2:52:
bi1b2¢ E(Q2)
02M2(Q1) + 230 aseB(Q1) 2obibag E(Q2) 1401 (a1)7Q, (a2)TQ, (b2) +
dq, (aQ)TQl (al)TQ2 (b1)] + ZalazeE(Ql) EblbzgéE(Qz) [dQ1 (al)sz (b2) +
dq, (a2)dq, (b1)] + 62M1(Q1) +4ZCo(G1) Doy b, ¢ 5(00) [TQ2 (01)Tq, (b2)] +
2 ZalazeE(Ql) ZblbzgéE(Qg) [dQ2 (bl)TQQ (b2)TQ1 (az) + dQ, (b2)TQ2 (bl)TQl (a1)] +
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2D a1a2€B(Q1) 2obibag Q) [TQ1 (01)7Qs (b1) + 7q, (a2) Tq, (b2)] + e1Ms(Q2) +
e1M1(Q2) + daeq.

Similarly

D biba B(Q2) 2oarasd BQ1) [TQ1vQ2 (a1, 1) X TQ v, (a2, b2)] <
ZbleGE(QQ) ZCL“},Q%E(Ql) [{dQl (al) + 2TQ1 (al)TQQ (bl) + dQQ (bl) + ]‘} X
{dQl (QQ) + 2TQ1 (aQ)TQz (62) + sz (bQ) + 1}]

Since

= nl(nl — 1) — 261 = (51 =
~ a1a2¢ E(Q1)
eaMa(Q1) + 230 e 5(Q) 2oarasg BQr) 401 (a1)TQ, (a2)TQ, (b2) +
dg, <a2)TQ1(a1)TQz(€1)] T 2 b€ B(Qs) 2oarasg B(Q1) 1401 (a1)dg, (b2) +
dg, (a2)dq, (b1)] + eaM1(Q1) +4ZC2(Q2) 34, ar¢ 50y 701 (1) T, (a2)] +
2 ZbleEE(Qg) Za1a2¢E(Q1) [sz (bl)TQZ (bQ)TQl (G’Q) + dQQ (bQ)TQz (bl)TQl (al)] +
2 b B(Qs) 2arasg E(Q1) [T@1 (a1)7Q, (01) + 7, (a2)Tq, (b2)] + 01 M2(Q2) +

01 Mi(Q2) + d1ea.

and

D s B(Q1) 2obibre E(Qx) [TQ1vQ2 (a1, b1) X T vq, (a2, b2)] = 2eaMa(Q1) +
4 ZalageE(Ql) ZblbgeE(Qz) [dQl (GI)TQl (a2)TQ2 (b2) + do, (GZ)TQl (al)TQ2 (b1)] +
2 EalageE(Ql) ZblbgeE(Qg) [dg, (a1)dq,(b2) + dg, (a2)dq, (b1)] + 2e2M1(Q1) +
8ZC2(Q1)ZCa(Q2) + 43 4, 0se Q1) 2obrbrc B(Q2) Q2 (01)7Q2 (b2)Tq, (a2) +
dQ, (52)TQ2 (bl)TQl (a1)] +4 ZalageE(Ql) ZblbgeE(Qg) [TQ1 (al)TQz (b1) +
7Q, (a2)7Q, (b2)] + 261 M2(Q2) + 2e1 M1(Q2) + 2e1e2.

Consequently, we achieve our desired result. O

Theorem 6. Let Q1 and Q)2 be two connected graphs. Then, ZCT of the
disjunction (co-normal product) of Q1 and Qo are as follows:

ZC1(Q1V Q2) < 2[M1(Q2) — 2e2]ZCT(Q1) + 2[M1(Q1) — 2e1]ZCT(Q2) +
(n2 + 02 +2e2) M1(Q1) + (n1 + 61 +2e1) M1(Q2) + 2e2(n1 +61) + 2e1(n2 + 02) +
12e1e2 + €1 M1(Q2) + €2M1(Q1) +4 30 ase5(Q1) 2obrbocE(Q2) [TQ1 (1) 70, (b1) +

7Q1(a2)7Q5 (b2)] + 2D aseB(01) 2obibag E(Q2) [T@1 (a1) 70, (b1) +

TQ1 (a2)TQ2 (b2)] +2 ZbleGE(QQ) Za1a2¢E(Q1) [TQI (al)TQ2 (b1) + TQ1 (a2)7Q2 (b2)]-
Proof. Take

ZCH(Q1V Q2) = X4y b1)(az,b2) € E(@1v Q) [TQ1vQ2 (a1, 01) + TQ1vQ, (a2, b2)] =
D aeV(Qr) 2obibae B(Qa) [TQ1vQ2 (a5 01) + T v, (a, b2)] +
bEV(Qs) Doarase B(Q1) [ TQ1VQ2 (a1, 0) 4+ TQ v, (a2, b)] +
01a5€E(Q1) 2abibrc B(Q2) T@1vQ2 (a1, 01) + T v, (a2, b2)] +
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ZalageE(Ql) ZblbggéE(Qg) [TQ1VQ2 (al’ bl) +TQ1vQ: (a27 bQ)] +

bi1b2€E(Q2) ZalazéE(Ql) [TQI\/QQ (a’lv bl) T TQ1vQ: (CL?’ b2)]
Taking

2 oaeV(Qr) 2obibae B(Qa) TR1vQs (a5 01) + T v, (a, b2)] <
2 oaeV(Qr) 2obibacB(Qa) {0 (@) + 27¢, (a)TQ, (b1) + dg, (b1) + 1} + {dg, (a) +
2TQ1 (a)TQz (bQ) + dQQ (bQ) + 1}] =
deres + 2[M1(Q1) — 2e1]ZC5 (Q2) + niMi(Q2) + 2n1ea.
Similarly

ZbeV(Qz) ZalageE(Ql) [TQ1VQ2 (ah b) T TQ1vQ: (a27 b)] <
no My (Q1) + 2[M1 (Qg) — 262]ZCT(Q1) + 4e1es 4+ 2ngeq.
Also taking

D a1a2€E(Q1) 2abibad B(Q2)TQ1vQ2 (a1, b1) + TQiv@s (a2, b2)] <
ZalaQEE(Ql) ZblbggéE(QQ) [{dQl (a1) + 279, (al)TQz (b1) + dq, (b1) + 1} +
dq, (az) + 279, (GQ)TQz (b2) + dq, (bo) +1}] =
G2 M1(G1) + 230 aseB(Qn) ZblngE(Qg) (71 (a1)7q, (b1) + Tq, (a2)7q, (b2)] +
€1M1(Q2) + 25261.
Similarly

ZblbgeE(Qg) Ea1a2§2E(Q1)[TQ1VQ2 (a1,b1) + TQ1VQ2(G27 ba)] <

e2aM1(Q1) + 2325 1ye B(Q2) Loarand B(Q1) [T@1 (@1) 705 (b1) 4 7q, (a2)7q, (b2)] +
(51M1(G2) + 261 €9.
And

ZaungE(Ql) Zb1b2€E(Q2) [TQIVQQ ((Il, bl) + TQI\/QQ (CLQ, bz)] S
2eaM1(Q1) + 4341 0seB(Qr) 2obibaeB(Qo) 701 (A1) T, (01) + T, (a2)7q, (b2)] +
261M1(Q2) + 4eqes.

Consequently, we arrive at our desired result.

Theorem 7. Let Q1 and Q2 be two connected graphs.
symmetric difference of Q1 and Qs are as follows:

ZC1(Q1 @ Q2) < naMi(Q1) + ZC1(Q1)ZC1(Q2) +niMi(Q2) + ning +
dnies +2ZC7(Q1)[Mi(Q2) — 2e2] +2ZC7(Q2)[M1(Q1) — 2e1] + 2[M1(Q1) —
261][M1 (Qg) — 262] + 86162 + 471261.

O
Then, ZCy of the

Proof. Since

TQ18Q2(a,0) < dg, (a) + 70, (a)7Q, (0) + dq, (0) + 1,
where a € V(Q1), b€ V(Q2) and (a,b) € Q1 ® Qo.
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ZCO(Q18 Q2) = X (an)ev(Quagy) Tar1eq:(a,0)]? <
2 oaeV(Qr) 2-bev (Qa)d@i (@) + 7, (a)Tg, (b) + {dq, (b) + 1} =
> aevignln2dp, (@) +75,(a)ZC1(Q2) + Mi(Q2) + na2 + dez +
2dq, (a)1q, (a){M1(Q2) — 2e2}+27¢, (a) ZCT(Q2) + 27¢, (a){M1(Q2) — 2e2} +
deadq, (a) + 2n2dg, (a)] = naM1(Q1) + ZC1(Q1)ZC1(Q2) + n1Mi(Q2) +
ning + 4nies + 2ZCT(Q1)[M1(Q2) — 262]+2ZCT(Q2)[M1(Q1) — 261] +
2[M1(Q1) — 2e1][M1(Q2) — 2e2] + 8erez + dnze.

g

Theorem 8. Let Q1 and Q2 be two connected graphs. Then, ZCy of the
symmetric difference of Q1 and Q2 are as follows:

ZC(Q1® Q2) < 2ZC7(Q1)ZCT(Q2) + [M1(Q2) — 2€2] ZCT(Q1) + [M1(Q1) —
2e1]ZC7(Q2) + ZC1(Q1)ZCa(Q2) + ZC1(Q2)ZC2(Q1) + (n1 + 261) M2(Q2) +
(ng + 202) M2(Q1) + (n2 + 202 + 3e2) M1(Q1) + (1 + 261 + 3e1) M1 (Q2) +
(n1 +201)ez + (n2 4 282)e1 + 8erez + 2e1 [M1(Q2) + M2(Q2)] + 2e2[M1(Q1) +
Ma(Q1)] + [M1(Q1) — 2e1] 324, e (02) |42 (1) 70 (b2) + ds (b2) 70, (b1)] +
[M1(Q2) = 2€2] 3_ e p01) Ao (a1)7q, (a2) + do, (a2)7q, (a1)] +
2D 012 B(Q1) 2obibag E(Q2) 1 4Q1 (a1)7Q, (a2)7q, (b2) + dg, (a2)Tq, (a1)7q, (b1)] +
2 ZalageE(Ql ZblbggéE Q2) [dQl (al dQ2 (bZ) + dQl (a2)dQ2 (bl)] +
2ZC5(Q1) Dby by 5(Q2) [TQ2 (b1)TQ, (b2)] +

2 ZQIQQEE (@Q1) Zb1b2¢E Q2)[dQ2 (b2)7Q2( TQl(

)

[

) al) + dQ2 bl)TQz bQ)TQl (a2)] +
2D 10 B(Q1) 2obibad B(Qa) Tn (aliTQz

)

[

( (
[ (b1) + 7Q, (a2)7Q, (b2)] +
2 ZbleEE (Q2) ZalagﬁE(Ql) d Q1 (al)TQl (a2 TQ2 (b2) + dq, (CLQ)TQI (al)TQz (b1)] +
2 b1bae B(Qn) 2arasg E(Q1)14Q1 (a1)dq, (b2) + dg, (a2)dq, (b1)
22C5(Q2) X ayar¢8(Qu) 101 (a1)7q, (a2)] +
2D by B(Q2) 2oarard B(Q) 002 (02)TQ, (01)70, (a1) + dg, (E’l)TQz (b2)7q, (a2)] +

2 ZbleGE(Qg) ZalaggéE (@Q1) [TQI (al)TQ2 (bl) +70,(a )TQz (bQ)]
Proof. Since

|+

ZCy(Q1® Q2) = Z(al,bl)(ag,bg)eE(Ql@QQ)[TQI@QZ(a1, b1) X TQ,8Q, (a2, b2)] =
Z‘IEV(Ql) ZbleEE(Qz) [TQ1€SQ2 (aa bl) X TQ16Q2 (CL, bg)] +
ZbGV(Qz) ZalagGE(Ql)[TQlGBQQ(al; b) X TQ,0Q,(a2,b)] +
ZameE(Ql) Zb1b2¢E(Q2)[TQ1G§Q2 (a1,b1) X 17Q,00Q, (a2, b2)] +
ZbleGE(QQ) Za1a2¢E(Q1) [TQ1€9Q2 (al, bl) X TQ18Q1 (QQ, b2)]

Taking
ZaeV(Ql) ZblbgeE(Qg)[TQl@Cb (a,b1) X 7Q,00Q.(a, b2)] <

ZaeV(Ql) EblbzeE(Qz)HdQl (a) + TQ1 (a)TQz (1) + dQ, (b1) + 1} X {dQ1 (a) +
7Q1(a)7Q, (b2) +dg, (b2) +1}] = e2M1(Q1) + ZCF (Q1) ZCF (Q2) +2e1 M1 (Q2) +
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deres + ZC1(Q1)ZCo(Q2) + [M1(Q1) — 2e1] D by e (n) [ (01) 702 (b2) +
d@, (b2)7Q, (b1)] + [M1(Q1) — 2e1]ZCT(Q2) + i M2(Q2) + n1Mi(Q2) + niea.

Similarly

ZbEV(Qg) ZalazeE(Ql)[TQ1€BQ2 (a’lv b) X TQ10Q2 (a27 b)}leqngMQ(Ql) +
[M1(Q2) — 2€2] 34, aye p(Qn) Q1 (1) TQ, (a2) + dg, (a2)Tq, (a1)] + 2e2M1(Q1) +
naMi(Q1) + ZC1(Q2)ZCo(Qr) + ZCF(Q1)ZC5 (Ga) + [M1(Q2) —
2e2]ZCT(Q1) + e1M1(Q2) + 4erea + ngey.

Also taking

ZalageE(Ql) Zb1b2¢E(Q2)[TQ1@Q2 (a1,b1) x TQ1@Q2(G2752)] <
2 ZalageE(Ql) Eb1b2¢E(Q2)HdQ1(a1) + 70, (a1)7Q, (b1) + dg, (b1) + 1} X
{dq, (az) + 7, (a2)7q, (b2) + dg,(b2) + 1}] =
209 M2 (Q1) +2 ZalageE(Ql) Zblbg(;éE(QQ) [dq, (u1) 7, (u2)TQ, (v2) +
dq, (U2)TQ1 (Ul)TQz (v1)] +2 ZalageE(Ql) EblbggE(QQ) [dQ1 (Ul)sz (v2) +
dq, (u2)dq, (v1)] + 202 M1 (Q1) + 2ZC2(Q1) Do, b,¢ 500 [T@2 (V1) 70, (v2)] +
2 Za1a26E(Q1) ZblbggéE(Qg) [dQ2 (U2)TQ2 (Ul)TQl (ul) + dQ2 (UI)TQ2 (U2)7Q1 (u2)] +
2 ZalageE(Ql) ZblbggéE(Qg) [TQl (ul)TQ2 (Ul) + T, (u2)TQ2 (U2)] + 2e; [52 +
M1(Q2) + Ma(Q2)].

Similarly

ZblbzeE(Qg) EalazgéE(Ql) [TQl@Q2 (ala bl) X TQ18Q2 (a27 b2)] <
2eaM2(Q1) + 2 ZblbgeE(Qg) Za1a2¢E(Q1)[dQ1 (ul)TQ1 (U2)TQ2 (v2) +
dQl (UQ)TQl (UI)TQ2 (Ul_)] +2 ZbleGE(QQ) Za1a2¢E(Q1) [dQ1 (ul)sz (UQ) =+
dq, (u2)dq, (v1)] + 2e2M1(Q1) + 2ZCo(Q2) 34, g (@) [0 (1) T, (u2)] +
2 b B(Qs) 2oarasd E(Q1) 4@z (V2)TQ0 (V1) Tq, (W) + d, (v1) 7@, (v2) T, (u2)] +
2 Zb1b2€E(Q2) Za1a2¢E(Q1) [TQ1 (ul)TQ2 (v1) + TQr (UQ)TQ2 (v2)] + 261 ]e2 +
Mi(Q2) + M2(Q2)].

Consequently,

ZCy(Q1 8 Q2) <2ZC7(Q1)ZCT(Q2) + [Mi1(Q2) — 2e2] ZCT (Q1) + [M1(Q1) —
2e1]ZCT(Q2) + ZC1(Q1)ZC2(Q2) + ZC1(Q2) ZC2(Q1) + (n1 + 261) M2(Q2) +
(n2 4+ 282) M2(Q1) + (n2 + 202 + 3e2) M1(Q1) + (n1 + 261 + 3e1) M1 (Q2) +
(n1 + 261)e2 + (ng + 282)e1 + 8erea + 2e1[M(Q2) + Ma(Q2)] + 2e2[M1(Q1) +
Ma(Q1)] + [M1(Q1) — 2e1] 3oy, () [ Q2 (01)7Qs (b2) + dg, (b2) Tq, (01)] +
[M1(Q2) = 2€2] 3_ e p0n) [doi (a1)7q, (a2) + do, (a2)Tq, (a1)] +
2 ZalageE(Ql) Zblbng(QQ) [dg, (a1)7q, (a2)Tq, (b2) + dg, (a2)Tq, (a1)Tq, (b1)] +
2 ZalazeE(Ql) ZblbzgéE Q2) [dQl (al)sz (b2) + dq, (aQ)dQ2 (b1)] +
2ZC5(Q1) Zb1b2¢E Qo) 72 (01) 70, (b2)] +
2 ZalazeE Q1) ZblbzgéE Qz)[dQ2 (bQ)TQQ (bl)TQl (a1) + dq, (bl)TQ2 (bQ)TQl (az)] +
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2 ZalazeE (Q1) Zblbng (Q2) [TQI (al)TQQ (bl) + 70, aQ)TQQ (b2)] +
2 ZblbgeE (Q2) Za1a2¢E(Q1) [, (a1)7q, (a2)7q, (b2)
2D by B(Q2) 2oarasg B(Q) 401 (a1)dq, (b2) + do,
2ZC5(Q2) Zang (@m0 (a1)7q, (a2)] +
2 ZbleEE(QQ) Za1a2¢E(Q1)[dQ2 (bQ)TQQ( )TQ1 (a ) + sz (bl)TQ2 (bQ)TQl (aQ)] +
2 b B(Qs) 2oarasd E(Q1) [T@1(a1)TQ, (b1) 4 10, (a2)7g, (b2)].

g

Theorem 9. Let )1 and Q2 be two connected graphs. Then, ZCT of the
symmetric difference of Q1 and Qs are as follows:
ZC1(Q1 @ Q2) < [M1(Q2) — 2€2]ZCT(Q1) + [M1(Q1) — 2e1]ZCT(Q2) + (n2 +
209) M1 (Q1) + (n1 + 201) M1 (Q2) + 2(n1 + 201)ea + 2(ng + 2d2)e1 + 8erea +
2[e1 M1(Q2) + eaMi(Q1)] + 23, reB(@r) Dbibag B(@) 71 (1) TG, (V1) +
T (UZ)TG2 (UQ)] +2 ZbleGE(Qg) Za1a2¢E(Q1) [TQI (ul)TQ2 (Ul) +7Q (uZ)TQz (1)2)] :

Proof. Since

ZC1(Q1 @ Q2) = Z(al,bl)(az,bz)EE(Ql@Qg) [T010q2(a1,b1) + 7Q00, (a2, b2)] =
ZaeV(Ql) ZbleEE(Qz) (701802 (a,01) + 70,00, (@, b2)] +
Zbe\/(QQ) ZalageE(Ql)[TQl@Cb(al? b) + 1Q10q. (a2, b)] +
D a1as€B(Q1) 2obibad B(Qo) TR18Q2 (a1, b1) + TQ 0. (a2, b2)] +
D biba € B(Q) Doarasd B(Q1) TQ10Q2 (a1, 01) + TQ 00, (a2, b))

Taking

ZaeV(Ql) ZblbgeE(Qg) [TQ1@Q2 (CL, bl) + TQ10Q2 (CL, b2)] <
DaeV(Qu) 2obibae B(Q2) 4@ (@) + G, (a) 7, (b1) + d@, (b1) + 1} + {dg, (a) +

7Q, (a)7Q, (b2) + dg,(b2) + 1} =
deres + [M1(Q1) — 2€1]ZCF(Q2) + niM1(Q2) + 2nqes.

Similarly

EbEV(Q2) ZalaQEE(Ql) [TQl@QQ ((]/1, b) + TQI@QQ (CI/Q, b)] S
naMi(Q1) + [M1(Q2) — 2e2] ZCF (Q1) + 4erea + 2nge;.

Also taking

D a1as€E(Qr) 2abibad B(Q2) TQ10G2 (a1, 01) + TQ 00, (a2, b2)] <
2D 012 B(Q1) 2obibad EQ2) {1 (a1) + 7q, (a1)7Q, (b1) + dg, (b1) + 1} +
{dQ1 (a2) + TQ1 (aQ)TQz (b2) + dq, (b2) +1}] =
202 M1 (Q1) + 230, ase B(Q1) 2obabag B(Qs) [T@1 (41)TQs (V1) + 70, (u2)7Q, (v2)] +
2€1M1(Q2) + 4d9e1.

Similarly
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ZblbgeE(Q2) ZalagéE(Ql) [TQ1€BQ2 (ala bl) + 701902 (a’27 bZ)] <

22 M1(Q1) + 2320, 1,6 5(Q2) 2oarang B(Qn) [T@1 (1) T, (V1) + TQ, (u2) T, (v2)] +
2N1M1(Q2) + 4N1eo.

Consequently,

ZCT(Q1 ® Q2) < [M1(Q2) — 2e2]ZCT(Q1) + [M1(Q1) — 2e1]ZCF(Q2) + (n2 +
200) M1 (Q1) + (n1 + 261) M1(Q2) + 2(n1 + 201)e2 + 2(n2 + 202)e1 + 8erez +

2[e1M1(Q2) + e2Mi(Q)] + 2324, 0y B(Q1) 2obrbagE(Q) [T (U1)7Qs (V1) +
TQ1 (U2)TQ2 (v2)]+2 ZblbgeE(Qg) ZalazeE(Ql) [TQl (UI)TQz (v1) +70, (U2)TQ2 (v2)].

0

4. APPLICATIONS AND CONCLUSION

Assume that Q1 = P3; & Q2 = P3; be two particular alkanes called by
paths. So, We can compute relation between exact and computed values of
these product-related operations (disjunction & symmetric difference) on these
alkanes are as follows:

Disjunction:

e Exact value of ZCy (P V P3) = 40,

e Computed value of ZC(Ps V P3) < 189,
e Exact value of ZCy(PsV P3) = 52,

e Computed value of ZCy(P3 V P3) < 488,
e Exact value of ZCJ(P3 V P3) = 88,

e Computed value of ZCF(Ps V P3) < 236.
Symmetric Difference:

e Exact value of ZC;(P; @ P3) = 116,

e Computed value of ZC1(Ps & P3) < 153,
e Exact value of ZCo(Ps @ Ps) = 240,

e Computed value of ZCy(Ps @ P3) < 384,
e Exact value of ZC}(P3 & P3) = 140,

e Computed value of ZC}(Ps & P3) < 204.

In this paper, we have computed the general results in the form of upper
bounds related to first Zagreb connection index, second Zagreb connection in-
dex and modified first Zagreb connection index of the resultant graphs which
are obtained with the help of operations of product on graphs such as disjunc-
tion (co-normal product) and symmetric difference. However, the problem is
still open to obtain other Zagreb connection indices for the resultant graphs
based on various operations on graphs.
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