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Topological indices have the numerical worth that usually describes the numerous
properties of molecular graphs, such as physical, chemical, biological, etc. At the
present time, it is very prevalent to calculate various degree-based topological indices
by using the M-polynomial. Hex-derived networks are used extensively in the field of
pharmaceutics, telecommunications networks, and electronics. In the current study, we
construct the subdivided Hex-derived network of third type of dimension n and obtain
its corresponding M-polynomial. Further, we calculate the degree-based topological
indices of the above network by using their direct formulas and alternatively from the
exact expression of the M-polynomial. In addition, we sketch the M-polynomial and
the related topological indices for different values of n. The attained results can set
a foundation to explore further into subdivided Hex-derived networks, their properties
and appliances.
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Introduction

Let us assume G = (V, E) be a simple, undirected and connected graph, with V' = V(G)
denoting the vertex set and £ = E(G) denoting the edge set, which includes unordered pairs
of vertices. The number of edges that are incident to a vertex u € V(G) in a graph G is
known as the degree of a vertex u and is denoted by d(u). A subdivision of a graph G is
acquired by adding a new vertex to an edge of the graph G [1].

A brief discussion on topological indices and M-polynomial. In Chemical Graph
Theory (CGT), to form a graph of a given chemical compound, the atoms are represented by
vertices and the bonds between the atoms are represented by edges. The correlation between
graph theory and chemistry and their various chemical applications have been discussed
in [2]. In the field of CGT, a topological index describes the properties of the chemical
structure. Basically, a topological index is a numerical parameter that characterizes the
molecular structure and is used in quantitative structure-property relationships (QSPRs)
and quantitative structure-activity relationships (QSARs). For more information, please
refer to [3].
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The topological indices are usually divided into distance-based topological indices, count-
ing related topological indices, eigenvalue-based topological indices, degree-based topological
indices, and degree and distance-based topological indices. The indices of different classes
are useful in predicting the physico-chemical properties of several chemical structures. In
general, we compute the topological indices of a molecular structure by using their corre-
sponding mathematical formulas. Presently, the graphic polynomials [4] are used to calculate
the topological indices of different classes. Here, the basic idea is to construct a polynomial
of the given graph structure and then derive various topological indices by means of differ-
entiating or integrating (or a distinct combination of both) the polynomial.

In the review of literature, various polynomials are discussed, which include: the
M-polynomial [5], the matching polynomial [6], the Tutte polynomial [7], the Clar cover-
ing polynomial (also Zhang-Zhang polynomial) [8], the Hosoya polynomial [9], the Schultz
polynomial [10], etc. Among all of the above-mentioned polynomials, the Hosoya polyno-
mial is useful for calculating the topological indices depending on distance, for example, the
Wiener index [11], the hyper-Wiener index |12], etc.

For the prediction of numerous properties of chemical structures, degree-based topologi-
cal indices are crucial. In emerging trends, Deutsch and Klavzar [5] introduced the concept
of M-polynomial to compute various degree-based topological indices. There are several
papers in the literature in which the M-polynomials and their respective degree-based topo-
logical indices are calculated for different graph structures, such as the polyphenylene [13],
planer chemical graphs [14], different families of Hex-derived networks [15-19], coronoid
systems [20], Silicon-Carbons [21], etc.

Definition 1 (see [5]). The expression

M(Gizy)= Y mi(G)a'y

§<i<j<A

is known as the M-polynomial of a graph G, where § = min{d(u)lu € V(G)},
A = max{d(u)|u € V(G)} and m; j(G) denotes the number of edges uv € E(G) such that
d(u) =i, d(v) = j(i,5 = 1),

In the article [22], it is stated that a degree-based topological index for a graph G is
a type of graph invariant, denoted as T'(G), and is defined as:

(@)= Y fldu),d(v)),

weFE(G)

where f(x,y) is a non-negative real function of x and y related to topological indices. Table
depicts f(x,y) in the context of our current research work. Hence, T(G) can be expressed
as follows:

T(G) =Y mi (G)f(ij).

i<j
Theorem 1 (see |5], Theorems 2.1, 2.2). Let G be a simple connected graph.

1. If T(G) = > fd(u),d(v)), where f(x,y) is a polynomial in x and y, then
e=uwveE(G)

T(G) = f(va Dy)(M(G§377y))|x=y=l'
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2. If T(G) = > f(d(u),d(v)), where f(z,y) = > a;;x'y’, then I(G) can be ob-
e=weE(Q) 1,jEZ
tained from M (G;x,y) using the operators D, D,, Sy, and S,.
l.?“ys
3. If T(G) = fd(u),d(v)), where f(z,y) = —————,
e:ugE(G) ( ( )) (.Z' +y+ a)t
and a € Z, then T(G) = S,QuaJ DDy (M(G; 2, y))|z=1-

wherer, s >0,t>1

Some well-known degree-based topological indices. We now discuss briefly some
standard degree-based topological indices of a graph G which can be derived from the
M-polynomial M(G;z,y) of G. The Zagreb indices have been proposed by Gutman and
Trinajstié¢ [23], which are useful in determining the total m-electron energy of a molecule. In-
fluenced by the concept of Zagreb indices, the modified Zagreb indices are introduced in [24].
The Randi¢ index, which is proposed by Milan Randi¢ [25], is one of the most prevalent
degree-based topological indices. This index has enormous applications in the area of drug
design. After two decades, inspired by the success of Randi¢ index, the mathematicians
Bollobds and Erdds [26] and Ami¢ et al. [27] proposed the idea of a generalized form of
the Randi¢ index (for an arbitrary real number «), termed as the general Randié¢ index.
In [28], the symmetric division (deg) index is introduced in predicting the total surface area
of polychlorobiphenyls. Whereas the total surface area of octane isomers is predicted by the
inverse sum (indeg) index [29]. Furtula et al. [30] introduced the augmented Zagreb index,
helpful for the study of heat of formation of alkanes. The formulas of the above-discussed
degree-based topological indices are listed in Table

A framework of our plan. Very recently, the degree-based topological indices of subdi-
vided Hex-derived network of type one (SHDN1[n]) and subdivided chain Hex-derived net-
work of third type (SCHDN3[n]) are estimated in [17,32]. In this paper, we first discuss the

T able 1. Degree-based topological indices and their formulas for a graph G

Topological index Notation and formula of topological indices
First Zagreb index [23] Mi(G)= > (d(u)+d(v))
weE(G)
Second Zagreb index [23] Ms(G) = %(G)(d(u)d(v))
uve
Modified second Zagreb 1
. ™ M- =
index [24] 2(@) we%(a) d(u)d(v)
General Randi¢ index [26] R, (G)= > (d(u)d(v))®
weE(G)
1
Inverse Randi¢ index |27 RR.(G) = —_
£ wiFic) W)
Symmetric division (deg) min(d(u),d(v))  max(d(u),d(v))
DD =
index [28§] SDD(G) uUGZE’:(G) max(d(u),d(v)) * min(d(u), d(v))
2
Harmonic index |31 H(G) = —_—
. . d(u)d(v)
Inverse sum (indeg) index |28] | ISI(G) = _—
(indeg) & ) uve%(G) d(u) + d(v)
d(u)d(

Augmented Zagreb index [30] | AZ(G)= > {
weE(Q) d(u

i) L
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construction of the n dimensional subdivided Hex-derived network of third type (SH DN3[n|)
by elementary subdivision of Hex-derived network of third type (HDN3[n]) in Section [1}
In Section , we compute the degree-based topological indices for SHDN3[n| directly by
using the standard formulas mentioned in Table [T} On the other hand, we figure out an ex-
act expression of M-polynomial for the SHDN3[n] network and derive the same associated
degree-based topological indices with the help of the M-polynomial, in Section [3] Further-
more, in Section |4, we plot the M-polynomial and the indices for different values of n to
observe their geometrical characteristics.

1. Subdivided Hex-derived network of third type of dimension n

The hexagonal network and its applications have been discussed in [33]. From the hexagonal
network of dimension n, two new Hex-derived networks HDN1 and HDN2 were proposed
in [34]. These networks confer a lot more processors and connections in comparison to the
hexagonal network. Several years later in 2017, a new chemical network named the third
type of Hex-derived network of dimension n (HDN3[n]) [35] has been derived from the
hexagonal network.

We now derive a new graph from the existing one by incorporating the graph subdivision
operation. By applying the elementary subdivision operation on HDN3[n] network, we obtain
a new chemical network of our interest and name it a subdivided Hex-derived network of third
type of dimension n (SHDN3[n]). As an example, we graphically describe the SH DN 3|3]
network of dimension 3 in Fig. [1]

Fig. 1. Subdivided Hex-derived network of third type of dimension 3 (SHDN3[3])
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2. Evaluating the degree-based topological indices of SH DN 3[n|
network

This section deals with the direct evaluation of the degree-based topological indices of the
subdivided Hex-derived network of third type of dimension n (n > 3), by using the formulas
mentioned in Table [II

Theorem 2. Let SHDN3|n| be the subdivided Hex-derived network of third type of dimen-
sionn (n > 3). Then

(i) Mi(SHDN3[n]) = 18(84n? — 188n + 105),

(ii) My(SHDN3[n]) = 12(210n% — 482n + 275),
1
(iii) ™Ma(SHDN3[n]) = o (21n* — 39n + 19),

(iv) Ra(SHDN3[n]) = 72-8%(n — 1)2 +42 - 14% + 60 - 20%(n — 2) + 18 - 36%(3n% — In +7),

72 42 60 18
(SHDN3[]) = “=(n— 1) 4 —= 4 22 (n -2 2
(v) RR.(S 3[n]) 8a(n )° + i + 200“(” )+ 360(371 In+7),

(vi) SDD(SHDN3[n]) = 672n% — 1524n + 863,

147 , 271 389

i) H(SHDN3 = —n‘— — —
(vii) H( [n]) g n E n -+ 5
966 1918 2822
(viii) ISI(SHDN3[n]) = ?nQ - " + 5

(iz) AZ(SHDN3[n]) = 48(21n* — 41n + 20).

Proof. For any two arbitrary vertices u and v of the SH DN3[n| network, below we calculate

its degree-based topological indices by using their respective formulas (listed in Table [1]).
First Zagreb index

M,(SHDN3[n]) = > (d(w) +d(v)) =72(n — 1)*(2+4) + 422+ T)+

weE(SHDN3[n))
+60(n — 2)(2 4 10) + 18(3n* — In + 7)(2 + 18) =
=432(n — 1)* 4+ 378 + 720(n — 2) + 360(3n* — In + 7) = 18(84n? — 188n + 105).

Second Zagreb index

M,(SHDN3[n)) = > (d(w)d(v)) =72(n—1)%(2-4) +42(2- 7)+

w€eE(SHDN3[n])
+60(n — 2)(2-10) + 18(3n* —9n + 7)(2 - 18) =
= 576(n — 1)% + 588 + 1200(n — 2) + 648(3n* — 9n + 7) = 12(210n* — 482n + 275).
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39

Modified second Zagreb index
1 1 1
"My(SHDN = ————— =T2(n — 1) 42
ASHDNSD = S s =nn= 1 () + 42 (517 +

uww€E(SHDN3[n])

1
-9 1 _
+60(n )(2 10)—1— 8(3n* —9In +7) (2 18>
1 1
=9n—1+3+3(n—2)+ 2(3n —9n+7)—§(21n2—39n+19)

General Randié¢ index
Ro(SHDN3[n]) = > (d(u)d(v))* =
uww€eE(SHDN3[n])
=72-8%n—1)*+42-14* + 60 - 20%(n — 2) + 18- 36*(3n* — In + 7).

Inverse Randi¢ index
1

RR.(SHDN3[n]) = 1
quE(S;DN?,[n}) (d(u)d(v))"
72 492 60 18

= —(n—12+—+—(n—2)+——(3n* -
804(” ) +14Oé+20a( )-|-36 (3n 9n+7>

Symmetric division (deg) index

min(d(u),d(v))  max(d(u), ( )
SDD(SHDN3|n]) = UUEE(EH;)N%D {max(d(u), d(v))  min(d(u),d(v)) }
min( max(2,4) min(2,7) max (2,7)
2 -1) { max min(274)}+42{max 2.7) " min(2,7) }+

n(2,18) maX (2,18)

min(2, 10) max(? 10) 9 min
_ 1 _
+60(n ){max( 10) " min(2, 10) } 1860 =+ 7)) k@ 18) T min(2, 19)
10 2 18

2 2.7 2
=T72(n—1)? {4—1—2}—1—42{7—1—2}-1—60(71 2){10+2}+18(3n —9n—|—7){18+7

= 180(n — 1) 4+ 159 + 312(n — 2) + 164(3n% — 9n + 7) = 672n> — 1524n + 863.

Harmonic index
2

w€E(SHDN3[n|)
2 2 2 2
72(n )2+4+ 2+7+60(n )—2—1—10+ 8(3n? 9n+7)2+18
147 , 271 389

2

Inverse sum (indeg) index

|
|

d(u)d(v)
ISI(SHDN3[n)) = > — =
( ) d(u) + d(v)
w€eE(SHDN3[n])
2.4 2.7 210 2-18
=72(n —1)? 42 - +1 —
72(n )2+4+ 7+60(n )2+10+ 8(3n? 9n+7)2+18
196 162 966 1918 2822
:96(n—1)2—|—T+100(n—2)+?(3n —In+7)= - n’ -t
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Augmented Zagreb index

o 2 (B e

weE(SHDN3[n])

2.7 ° 2.10 )°? 2.18 °
49 21 )y 18(3n2% — e
+ {2+7_2} +60(n ){2+10_2} + 18(3n 9n+7){2+18_2}

= 576(n — 1)* + 336 + 480(n — 2) + 144(3n* — 9n + 7) = 48(21n* — 41n + 20). O

3. Determining M-polynomial of the SH DN 3[n] network

In this section, we obtain a closed expression of M-polynomial for the SH D N3[n] network
and hence derive the associated degree-based topological indices by using the derivation
formulas (as mentioned in Table .

Theorem 3. Let SHDN3[n| be the subdivided Hex-derived network of third type of dimen-
sion n (n > 3). Then M-polynomial of the SHDN3[n] network is M(SHDN3[n|;z,y) =
72(n — 1)22%y* + 422%y" + 60(n — 2)2%y'° + 18(3n? — 9In + 7)z%y'S.

Proof. As enumerated in [15], the cardinalities of the vertex set and the edge set of the
third type of Hex-derived network of dimension n (HDN3[n|) are as follows:

\V(HDN3[n])| = 21n* —39n + 19, and |E(HDN3[n])| = 63n* — 123n + 60.

Here, in our case, we can easily calculate the total number of vertices and edges of
the SHDN3[n] network. Since, the SHDN3[n] network is obtained by performing the
subdivision operation on HDN3[n] network, i.e. by adding a new vertex between each edge
of HDN3[n| network. Therefore,

\V(SHDN3[n])| = |V(HDN3[n])| + |E(HDN|[n])| = 84n® — 162n + 79,
and |E(SHDN3[n])| = 2|E(HDN3[n])| = 126n* — 246n + 120.

Now, based on the degree of the vertices of the SH DN3[n| network, below we partition
the vertex set V(SHDN3[n|) into five disjoint sets, as

Vi(SHDN3n|) = {u € V(SHDN3In|) : d(u) = 2},
Vo(SHDN3n|) = {u € V(SHDN3In|]) : d(u) = 4},
V3(SHDN3[n|) = {u € V(SHDN3In|) : d(u) =7},
Vi(SHDN3n|) = {u € V(SHDN3|n|) : d(u) = 10},
Vs(SHDN3[n]) = {u € V(SHDN3[n]) : d(u) = 18},

and each of the above vertex set has the cardinality

IVi(SHDN3[n])|=3(21n*—41n+20), |[Vo(SHDN3[n])|=18(n—1)?,
\V3(SHDN3[n])|=6, |Vi(SHDN3[n))|=6(n—2), |Vs(SHDN3[n])|=23n*—9n+7.

Moreover, we divide the edge set E(SHDN3[n]) into four parts on the basis of degrees
of the end vertices of each edge. Let us name them as

Eujy={e=w € E(SHDN3n]) : d(u) =1,d(v) = j},
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where {i,7} = {2,4}, {2,7}, {2,10}, and {2,18}. And the cardinalities of these edge sets
are given by ’E{274}| = 72(71 — 1)2, |E{277}| = 42, ’E{QJO}’ = 60(71 — 2) and |E{2’18}| =
18(3n% — 9n + 7). Thus, by using the definition , M-polynomial of the SH D N3[n] network
is given as

M(SHDN3n|;z,y) = Zmivjxiyj, where i,j € {2,4,7,10,18} =

1<
2 4 2 7 2,10
= E Mo Ty + E Mo 727y + E mo 1027y~ + E mo, 1827y
2<4 2<7 2<10 2<18
2 4 2 7 2. 10 218
g Mo Ty + E mo 7™y + E mo102Y ~ + E mo18T°Y ~ =
’lL’L)GE{QA} ’U/UGE{QJ} ’U/UGE{QJO} U’UGE{Q’Ig}

= ‘E{2,4}’95294 + \E{2,7}’$2y7 + | By, 10}\96’23/10 + | By, 18}’902918 =
= 72(n — 1)*2%y* + 422%y" + 60(n — 2)2%y'" + 18(3n? — In + 7)a*y'S. O

Table 2] gives the derivation formulas in terms of integral or derivative (or both integral
and derivative) [5]. By applying them to our obtained M-polynomial of the SH DN3[n] net-
work, we now derive directly the associated degree-based topological indices (described in
Table (1)) of the SH DN3[n] network. Essentially, we present below the M-polynomial based
proof of Theorem [2| as directed above.

An alternate proof of the theorem [2| (M-polynomial based). For reasons of sim-
plicity, let us assume n(z,y) = M(SHDN3|n|;z,y). Therefore, the M-polynomial for

T able 2. Derivation formulas on the M-polynomial for deriving the degree-based topological
indices of a graph G

Topological index Notation f(z,y) Derivation from (M (G;z,y))
First Zagreb index M (G) x+y (Dz 4+ Dy)(M(G;2,y)) |a=y=1
Second Zagreb index M>(G) xly (DyDy)(M(G; 2, y))|w=y=1
Modified second Zagreb index | " Msy(G) - (S2Sy) (M (G; z,y))|z=y=1
General Randi¢ index R.(G) (:Ug{)a (D DY) (M (G52, y))|a=y=1
Inverse Randié¢ index RR,(G) ek (Sg Sy ) (M (G5 2,y))|z=y=1
z? + y?
Symmetric division (deg) index | SDD(G) :L‘y (D2Sy + DyS2)(M(G; 2, y))|a=y=1
Harmonic index H(G) i 28, J(M(G;z,y))|z=1
z+y
Inverse sum (indeg) index ISI(G) Zy Sz JDyDy(M(G;2,y))|e=1
rry
3
Augmented Zagreb index AZ(Q) <+$y2> S;’Q_QJDiDg(M(G; ,Y))|z=1
T+y—
o(f(, o(f(z,
tiere, D,(fw,) = a2 LD (o)) = 2D s, g [ 569 4, 5,50, =

/fﬁimﬂJﬁmw»=f@wLQJﬂ%w)=ﬂV@ﬂﬁa¢a
0
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the SHDN3[n| network (as obtained in theorem [3)) is
n(z,y) = 72(n — 1)22%y* + 422%y" + 60(n — 2)2%y™" + 18(3n* — In + 7)2?y'®.

Now, we calculate the following terms which will be required for our further computation of
various degree-based topological indices.

D.(n(x,y)) = 144(n — 1)%2%y* + 842%y" + 120(n — 2)2%y™ + 36(3n* — In + 7)z%y'®,
Dy(n(z,y)) = 288(n — 1)2x%y* + 2942%y" + 600(n — 2)2°y"" + 324(3n* — In + 7)z%y"®,
DyD,(n(x,y)) = 576(n — 1)*2%y* + 58822y + 1200(n — 2)2°y'" + 648(3n* — In + 7)z°y'®,
S.(n(x,y)) = 36(n — 1)22%y* + 212%™ + 30(n — 2)2%y"° + 9(3n? — In + 7)2%y'®,

) = 18(n — 1)*2%y* + 62%y" + 6(n — 2)2%y' + (3n* — In + 7)2?y'®,
1
SeSy(n(z,y)) = 9(n — 1)22%y* + 322" + 3(n — 2)a%y"" + 5(3712 —9In + 7)x*y'®,
DeDY(n(x,y)) = 72-8%(n — 1)%x%y* + 42 - 14°2%y" + 60 - 20°(n — 2)2°y""+
+18 - 36%(3n* — 9n + 7)xy"®,
SyD.(n(z,y)) = 36(n — 1)*x%y* + 122%y" + 12(n — 2)2°y'% + 2(3n* — In + 7)a?y'®,
S,D,(n(x,y)) = 144(n — 1)*2%y* + 1472%y" + 300(n — 2)2*y"" + 162(3n*> — 9n + 7)a’y"®,
72 42 60 18
SgSy(n(z,y)) = 8—a(n —1)%2%y* + mx2y7 + ﬁ(n —2)a?y" + %(Sn2 —9n + 7)z?y'®,
14 9
S.J(n(z,y)) = 12(n — 1)%2°® + Exg +5(n — 2)z'? + E(i’m2 —9n + 7)z*,
2.6, 196 4 12, 162, 5 20
Sy I D, Dy(n(z,y)) = 96(n — 1)%z° + 57 +100(n — 2)z= + ?(Sn —9In+ 7)a™,
S3Q -2 JDID;(n(x,y)) = 576(n — 1)%z" + 33627 + 480(n — 2)2'% + 144(3n” — 9n + 7)a"®.

Thus, from the derivation formulas listed in Table [2] the degree-based topological indices
of the SHDN3[n| network are as follows:
First Zagreb index

M,(SHDN3[n]) = (D, + D,)(n(z,y))]z=y=1 = 18(84n* — 188n + 105).
Second Zagreb index
My(SHDN3[n)) = D, Dy(n(z,y))]smy=1 = 12(210n* — 482n + 275).

Modified second Zagreb index
1
" My(SHDN3[n]) = S.Sy(n(x,y))|lemy=1 = 5(21n2 —39n + 19).

General Randi¢ index

Ro(SHDN3[n]) = DEDG(n(x,y))lamymr =
=72-8%n—1)*+42-14% + 60 - 20%(n — 2) + 18- 36*(3n* — In + 7).

Inverse Randi¢ index

72
8a

42 60 18
(=124 —+—(n—2)+—(3n*~9n+7).

RROC(S‘HDNS[TL]) = S:l? Sy ('I’](l’, y))|x:y:1 = 14 20 36
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Symmetric division (deg) index
SDD(SHDN3[n]) = (SyDy + SoD,)(n(z,y))|e=y=1 = 672n* — 1524n + 863.
Harmonic index
14 271
H(SHDN3[]) = 28, (52, ) |oer = ?7712 - %n %
Inverse sum (indeg) index
191 2822

ISI(SHDN3[n|) = Sy JD,Dy(n(x,y))|s=1 = % 2 - % ?—5
Augmented Zagreb index

AZ(SHDN3(n]) = S2Q_2J DD (n(x,y))]e=1 = 48(21n° — 41n+ 20). O

4. Experimental outcomes associated with the M-polynomial

In Table |3] we have listed the M-polynomial and related degree-based topological indices
of the SHDN3[n| network for different values of n. Using the Maple-13 software we have
created 3-D plots of the M-polynomial of the subdivided Hex-derived network of third type
of dimension 3 (SHDN3[3]) in the different domain ranges from —2 < z,y < 2 in Fig. |2] a,
—1<z,y<1linFig.2l b and —0.5 < z,y < 0.5 in Fig. 2] c.

Furthermore, we have drawn the related degree-based topological indices of the SHDN3[n|
network for several n (3 < n < 7). Figure 3| shows the characteristics of the first Zagreb,
general Randié¢ (o = 1/2), second Zagreb, symmetric division (deg), inverse sum (indeg), and
augmented Zagreb indices of the SHDN3[n] network. The characteristics of the modified
second Zagreb, harmonic, and inverse Randi¢ (o = 1/2) indices of the SH DN 3[n| network
are graphically represented in Fig. [dl By inspecting them, we can conclude that the values
of each of the topological indices have been increasing with the increment of dimension n of
the structure.

T able 3. Evaluation of M-polynomial and the corresponding degree-based topological indices
of the SHDN3[n] network at distinct values of n

Dimension
Topological Index n=3 \n:4 \n:5 \n:6 \nz?
M-polynomial

28822yt + | 648x%y* + | 115222y*+] 180022y +| 259222y +

422297 + | 42227 + | 42227 + | 422%y7 + | 42227 +

6022y + | 12022910+ | 1802210+ | 24022y'0+ | 30022y'0+

1262%y8 | 3422%y'® | 6662%y'® | 10982%y'® | 1638x%y'8
First Zagreb index 5346 12 546 22 770 36 018 52 290
Second Zagreb index 8628 20 484 37 380 59 316 86 292
Modified second Zagreb index | 45.50 99.50 174.50 270.50 387.50
General Randi¢ index (o = 1/2) | 1996.0648 | 4578.6267 | 8216.4821 | 12 909.6311 18 658.0735
Inverse Randi¢ index (o = 1/2) | 147.4648 | 324.1604 | 569.7677 | 884.2867 | 1267.7174
Symmetric division (deg) index | 2339 5519 10 043 15911 23123
Harmonic index 127.9333 | 279.5333 | 489.9333 | 759.1333 1087.1333
Inverse sum (indeg) index 776.1333 1744.9333 | 3100.1333 | 4841.7333 | 6969.7333
Augmented Zagreb index 4128 9216 16 320 25 440 36 576
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—-05<z,y<0.5

Fig. 2. The graph of the M-polynomial of SH DN3[3] network in various = and y regions

100 000 - . .
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8 .
= 90000 { —@—Second Zagreb index
'E.’; goooo 4 — General Randi¢ index (0=1/2)
2 Symmetric division (deg) index
2 70000 4 . .
= —Inverse sum (indeg) index
z 60000 1 —=— Augmented Zagreb index
E
30 000
40 000
30 000
20 000
10 000
0 — . : : |
3 4 3 ] 7

Dimension

Fig. 3. Pictorial representation of first Zagreb, general Randié¢ (o = 1/2), second Zagreb, symmetric
division (deg), inverse sum (indeg), and augmented Zagreb indices of SHDN3[n| network for
different values of n (3 <n <7)

e 1400 1
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E —t+—Harmonic index

°

£ 1000 -

k=

E

= 300 1

E

600 4

400 4

0 T T T 1
3 4 3 6 7
Dimension

Fig. 4. Pictorial representation of modified second Zagreb, harmonic, and inverse Randi¢ (o = 1/2)
indices of SH DN3[n] network for different values of n (3 <n <7)
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Conclusions

In the present study, we have considered the subdivided Hex-derived network of third type
of dimension n (SHDN3[n|) which we have derived from the structure of H DN3[n| network
by the graph subdivision. Observe that the structure of SHDN3[n] network is more com-
pact than the HDN3[n| network. We have calculated the degree-based topological indices
of the SHDN3[n] network by the direct method and M-polynomial method. In the direct
method, we have computed the degree-based topological indices using their direct mathe-
matical formulas. In the M-polynomial based method, we have obtained the exact expression
of M-polynomial for the SHDN3[n| network and then derived the respective degree-based
topological indices. One can observe that the latter method is very quick, compact, easy and
more appropriate to compute the degree-based topological indices of the network. Addition-
ally, we have graphically represented the behavior of the M-polynomial in different regions
and the degree-based topological indices of the SH DN3[n| network for different dimensions.
The obtained outcomes can set a base for advanced research into subdivided Hex-derived
networks, their characteristics and appliances.
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noJ/Ipa3/ieJIeHHON COTOBOI CEeTU TPETHEro THUria
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AnHOTaIIMA

TOHO.HOI‘I/I‘{QCKI/IG NHACKCHI UMEIOT TO YHMCJ/JIOBOE€ 3Ha4YeHune, KOTopoe O6bILIHO OIINCHhIBAET MHOTO-
YUCJIEHHBIE CBOMCTBA MOJIEKYJISIPHBIX TPad0B, TAKUE KaK (pU3nIecKue, XUMUIECKe, HUOJIOTHIECKHEe
u T. O. CeI‘O,Z[HS[ OY€HDb PACIIPOCTPAaHEHO BBIYHUC/JICHUEC PA3JINYHBIX TOIIOJIOTUYECKHUX MHICKCOB Ha OC-
HOBE cTerereil ¢ momMortnbio M-monmaoma. [lecTHainarepuytbie ceTy IMMUPOKO UCIOJIB3YIOTC B 00,1a-
ctu PapMaIEBTUKN, TETEKOMMYHUKAIMOHHBIX CeTell W JIEKTPOHUKK. B HACTOSIIEM HCC/IeI0BAHNN
TIOCTPOEHA TO/Ipa3/iesieHHasl COTOBAs CETh TPETHETO TUIIA PA3MEPHOCTH N M MOJIYUIeH COOTBETCTBYIO-
H_[I/Iﬁ M-HO.HI/IHOM. BLILH/ICJ'[eHbI OCHOBaHHDbIC Ha CTEIICHH TOIIOJIOI'MYCCKHUEe MHACKCDHI BbILL[eyKaBaHHOfI
CeTH C UCTOJIB30BAHUEM UX TPAMBIX (POPMYJ U, AJBTEPHATUBHO, TOYHOTO BhIpaxkenusa M-momHoMa.
Kpowme Toro, ouepuen M-mmosimHOM M CBSI3aHHBIE C HUM TOTOJOTUYECKUE WHIEKCH IS PA3TIUIHBIX
3HAYEHUNA N. Z[OCTI/II‘HyTbIG pPeE3yabTAThHI MOTYT CTATH OCHOBOM HJIA ,ZLaJ[bHefILHeFO n3yveHud noapas-
JEJICHHBIX COTOBBIX ceTell, UX CBOMCTB U yCcTpoiicTBa.

Kmoueswvie caosa: M-momunom, moapaseneHtuas COTOBas CeTh TPEThEro THIIA, CTEITEHHBIE TOIO-
JIOTHYECKUE MHIEKChI, TIOJIHHOM-Tpadpd.

Humuposarue: Hac 111., Pait IIT. O M-1101MHOMUAIBHBIX M CBA3AHHBIX C HUMU TOIIOJIOIMYECKUAX
JIeCKPUTNITOPaX MO/Ipa3 e IeHHON COTOBOM CeTH TPETLETO TUIa. BurancanTenbable Texuoaorun. 2022;

27(4):84-97. DOI:10.25743 /ICT.2022.27.4.007. (Ha anrsuiickom)
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