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Abstract

In this paper, we will calculate and find new closed formulas using the topological indices such as general Randi¢ index R ()
for A =1, %, -1, —%}, generalized form of harmonic index, ordinary generalized geometric-arithmetic(OGA) index, sum
connectivity index, general sum connectivity index, first & second Gourava indices, first & second hyper-Gourava indices,
ABC index, SK index, SK; index, SKj; index, first generalized version of Zagreb index and forgotten index for subdivided
aztec diamonds. The discussion on above-mentioned networks will provide us essential outcomes.
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1. Introduction

The branch of mathematics which is related to the implementation of graph theory and chemistry com-
bined is known as ”Chemical Graph Theory”. It is an essential tool for the study of molecular structure
& molecular modeling. It deals with the molecular structure mathematically. Graph theory helps us to
recognize the physical properties of chemical structures. In the graph theory, structure of a molecular
object is constructed mathematically and labeled on a graph. In this study, atoms are used as vertices and
bonds(among atoms)are used as edges. Graph theory offers its essential role in the field of theoretical
chemical sciences. Topological index is defined as a numeric parameter of the graph and explains the
topology of that graph. We shift the chemical information into the numeric value known as topological
indices. Topological indices have substantial parts in QSPR and QSAR study. Above-mentioned topologi-
cal indices are utilized to confer the bio and physical activities of chemical networks.

D. Vukicevi‘¢ and B. Furtuld presented first (GA) index [1] in 2009 & computed by:

2./d, d,

GA (v)= ), dy+d,

PYEE(Y)
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In 2011, an ordinary geometric-arithmetic index of y was introduced [2] and computed by for all real k:

\/4d, d,
OGA; (y) = Z ﬁpdq
pe€E(y) L 7P T 74

Kulli introduced the first Gourava index, second Gourava index, first hyper-Gourava index & second
hyper-Gourava index [3, 4] in 2017 and calculated by:

GO (y)= Y [(di+di)+(ds di)] &
steE(y)

Go,(y)= Y | [(ds+d;) (ds dy)]
StEE(y

HGO\(y)= Y, [(di+d)+(dsd)]’ &
steE(y)

HGOy (y)= Y. [(ds+dy)(dsd))?
steE(y)
Randi¢ index [5] was purposed by Milan Randi¢ in 1975. It is computed by:

1(y) = )

PIEE(Y) (dp . dq)

1

whereas d, & d, are the degrees of the nodes.

With the passage of some time, Bollobas & Erdos presented the general version of Randi¢ index called
general Randi¢ index for A, where A € R [6] and computed as:

11

R) (y) = Z (a’p ) forA={-1,1,— 55

PI<E(Y)
L. Zhong presented the harmonic index [7] in 2012 and calculated by:

2
dp+dy

HI(y)= ),

PICE(Y)

In 2015, L. Yan presented the generalized form of the harmonic index [8] and evaluated by:

Hl(y)= Y, [d j_dq]k

PIEE(Y)

Ernesto Estrada et al. [9] presented a new descriptor, called ABC index in 2008 and evaluated by:

+d,—2
ABC (y)= ) ”dd
PIEE(Y)

For a graph y, the SK, SK7, SK; [10], the indices can be computed as:

d,+d
SK(y)= Y 5,

PEE(Y)
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d,d
SKi(w)= ) L1 &
P4EE(Y)

d,+d, 1?
SKx (y) = ) P%J}
Pa<E(y)

Supposing d,, & d, are the degrees of nodes p & g in y, respectively.

B. Luci¢ presented the sum connectivity index G [11] in 2009 and evaluated by:

(v)= ) [derdqr%

PIEE(Y)

The generalized version of sum connectivity index was presented by Trinajstic and Zhou in 2010 [12, 13].

Gw)= Y [dp+d,)"
PEE(Y)

Li & Zheng purposed the general version of first Zagreb index in 2005 [14] and calculated as:

‘Miw)= ¥ |af " +df T keR kA0&KAT
PgEE(Y)

Furtuld & Gutman invented a new index called F-index [15] in 2015 and formulated by:

Fy)= ) [dp2+dq2}
PIEE(Y)

2. Results for Degree based Topological indices for Subdivided Aztec diamonds

An n-dimensional Aztec diamonds comprises of all squares lattices centered at (X, y) satisfying the
condition |x — 3|+|y — 1| < n, these squares are unit squares, and the region obtained in this way is the
union of all unit squares. Furthermore, we introduce a new vertex of degree 2 at each of the edges of
the unit square to obtain a subdivided Aztec diamonds. In this part, we will calculate the degree-based
topological indices that are mentioned above to find some closed formulas for subdivided aztec diamonds
network. By supposing that y is the graph of the subdivided aztec diamonds network SAZ,, we have the
order of SAZ,, |V ()| = 6n*+14n+1 and the size of SAZ,, |E (y)| = 8n°+16n . There are three different
kinds of edges (2, 2), (2, 3), & (2, 4).

Figure 2.1 shows the various dimensions of the subdivided Aztec diamonds. We define here two necessary
objects called nodes and edges for the graph shown in figure 2.1 and symbolized by y. Topological
indices which are purely degree based are computed for the subdivided Aztec diamonds networks. In the
following theorems, various formulas of the above-mentioned indices for subdivided saztec diamonds
SAZ, are computed. Let d,, be the degree of vertex & belongs to V() and d, be the degree of edge &
belongs to E(y) and e =|E ()| is the edge cardinality of y. The SAZ, is based on the end nodes of each
edge.



16 Comp. J. Combin. Math., 2 (2020) 13-20

~—t— )

)

g —

Subdivided AZ(1) ! !

Subdivided AZ(2)

Subdivided AZ(3) S )

- 2 g - 2 g

Subdivided AZ(4)

Figure 2.1: SAZ,

Table-1: Edges-separation of a graph y created from the degree of end vertices for all edges.

(dp, dg) for pq e E(y) Number of E(y)
2.2) 8n
2 3) 12
(2,4) 8n>+8n-12

Theorem 2.1 Consider SAZ, as a subdivided Aztec diamonds network, then its OGA index can be com-
puted as:
k k k k
0GAL(y) =8n* 2| an{ 2]+ 1)+ 12([2] - 2]},
Proof: By supposing v is the subdivided aztec diamonds network SAZ,, from table-1, getting

k
_ \/4d, d
OGAL(Y) = Lpger(y) { ayd,
k k k
OGA, () = (8n) [\2%} +(12) [@} + (82 +8n—12) [@2}
By making some computations, we get

0GA(y) =82 2] pan( 2] 11y 1221 - 2],

Theorem 2.2 Consider SAZ, as a subdivided Aztec diamonds network, then its first Gourava index
and second Gourava index are computed as:

GO (y) = 112n> +176n—36 and GO, (y) = 384n> +512n—216.
Proof:- By supposing v is the subdivided aztec diamonds network SAZ,. From table-1, getting
GOl (W) = ZsteE(é) [(ds +dt) + (ds dt)] &
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GOz (W) = ZSZGE(I/I) [(ds +dl) (dS dt)]
After some calculations, we have

GO (y) = (8n)[(8)]+(12) [11]+ (8n* +8n— 12) [14] = 112n*+176n—36 and GO, (y) = (8n) [16]+
(12) [30] + (8n* + 8n — 12) [48] = 384n* +512n — 216 .

Theorem 2.3 Consider SAZ, as a subdivided Aztec diamonds network, then its first hyper-Gourava
index and second hyper-Gourava index are computed as:

HGO; (y) = 1568n%> +2080n — 900 and HGO, (y) = 18432n* +20480n — 16848.

Proof:- By supposing v is the subdivided aztec diamonds network, SAZ,. From table-1, getting

HGO\ (W) = Lyepy [(ds+d) + (ds d))) &

HGO2 (Y) = Lyep(y [(ds +di) (ds )
By making some computations, we get

HGO, (y) = (8n) [64] + (12) [121] + (8n* 4 8n — 12) [196] = 1568n* +2080n — 900 and
HGO, (y) = (8n) [256] + (12) [900] + (8n* + 8n — 12) [2304] = 184321 +20480n — 16848 .

Theorem 2.4 Consider SAZ, as a subdivided Aztec diamonds network, then its general Randic index is
calculated as:

(n*+3n+3 for A = —1
V81?2 +n(4++/8) + (2v6 —3v/2) for A =—1
R, (SAZ,) =
8v8n? +8n(2++/8) +12(vV6—+/8) forA =3
[ 64n” +96n — 24 for A =1

Proof:- By supposing y is the subdivided aztec diamonds network SAZ, of n dimensions. We have
number of nodes & edges in SAZ,, |V(SAZ,)| = 6n>+ 14n+ 1 and |E(SAZ,)| = 8n” + 16n, respectively.
We know that

Ry (W) =Y pyer(y) [dp - dg

Case-1: For A = — 1, its Randic” index R, (y) can be computed as:
R_(y)= queE(l//) ﬁ Using (1), from table-1, we get

Ro1(w) = (2n)+(2) + (8n* +8n—12) (8) "

After some computations, we get

R 1 (y)=n*>+3n+ %

Case-2: For A = — %, its Randic” index R; (y) can be computed as:

R = —L__ Using (1), from table-1, we kno

1 (W) =X pgek(w) @ g (D) we know
R (w)= (8n)\/i1+(12)\%+(8n2+8n—12)\/i§
After some computations, we get

R_1 (¥) = V8’ +n(4+/8)+ (2v/6-3V2).

Case-3: For A = %,its Randic” index R; (y) can be computed as:
R% (y) = YpgeE(y) (dy . dg) Using (1), from table-1, getting
Ry (y) = (8n)V4+ (126 + (8n” +8n — 12)/8

By doing some calculations, we get

Ry (y) = 8v/8n% +8n(2++/8) + 12(v6 — V/8).
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Case-4: For A = 1, its Randic” index Rj (y) can be computed as:
Ry (W) = ¥ pyer (@ dy)! Using (1), from table-1, we know
Ry (w) = (8n) (4) + (12) (6) + (8n> +8n—12)(8)

By doing some calculations, we get Ry (W) = 64n” +96n — 24.

Theorem 2.5 Consider SAZ, as a subdivided Aztec diamonds network, then its harmonic index is
computed as:

HI(y) = 145{10n2+25n+3}

Proof:- By supposing l;/ is the subdivided aztec diamonds network SAZ,,. From table-1, getting

HI(y) = quEE(W) dﬁd
After simplifications, we obtain,

HI(y) = (8n) [3] + (12) [3] + (8n* 4+ 8n— 12) [1] = {5 {40n? + 100n + 12}

Theorem 2.6 Consider SAZ, as a subdivided Aztec diamonds network, then its generalized form of

harmonic index is computed as:

8n2{10K}+8n{ 155+ 10K} +12{12k—10*
Hil (y) = n“{10%}+8n{ ;_0 F+12{ }

Proof:- By supposing v is the subdivided aztec diamonds network SAZ,. From table-1, getting

— 2
HlJ(W) - qugE(ll/) [dp+dq]
By making some computations, we get
k k k
Hd(y)=8n) [1]°+(12) [2]"+(8n>+8n—12)[2]
_ 8n?{10°}+8n{15" + 10} +12{12¢— 10’<}
30

Theorem 2.7 Consider SAZ, as a subdivided Aztec diamonds network, then its ABC index is com-
puted as:

ABC (y) =V2n[4n+38].

Proof:- By supposing v is the subdivided aztec diamonds network SAZ,. From table-1, getting

o [dp+d,—2
ABC () = L pgeE(y) pdp fqlq
By making some computations, we get

ABC () = (8n)/ 2222 4 (12), /2532 1 (82 +8n—12)\/m

=4/2n[n+2].

Theorem 2.8 Consider SAZ,, as a subdivided Aztec diamonds network, then its SK index, SK; index, and
SK> index are calculated as:
SK (w) =24n>4+40n— 6, SK; (y) =32n*> +48n—12 &
SK> (w) = 721 + 104n — 33, respectively.
Proof:- By supposing v is the subdivided aztec diamonds network SAZ,. From table-1, getting
SK(¥) = Epger(y) L3, SKi(6) = Lpger &) e
dy+dy 1?
SK> (y) = queE(u/) [ L }
By making some calculations, we get
SK () = (8n) (2) + (12) (3) + (8n% +8n — 12) (3) = 24n* 4 40n — 6.
SKy (y) = (8n) (2) + (12) (3 ) + (8n® +8n — 12) (4) = 32n% +48n — 12.
SK> (w) = (8n) (4) + (12) (&) + (872 +8n— 12) (9) = 72n* 4 104n — 33.

Theorem 2.9 Consider SAZ, as a subdivided Aztec diamonds network, then its sum connectivity in-
dex is calculated as:
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— 2|8 2 _L_
G_(y)=n [%} +4n [1+A +12[ﬁ 1].
Proof:- By supposing G is the subdivided aztec diamonds network SAZ,. From table-1, getting

_1
G_1 (W) = queE(q/) [dp —’_d‘]} ’

G—Z (w)=(8n) (3) +(12) <\%> + (8n* +8n—12) (\%)

By making some computations, we get
— 2| 8 2 _L_
G y(y) =[] +an |14+ 2] +12[L-1].

Theorem 2.10 Consider SAZ, as a subdivided Aztec diamonds network, then its general sum con-
nectivity index is calculated as:

Gi(y) = 8n* [6F] +8n [6F +4F] + 12 [5* — 6].

Proof:- By supposing v is the subdivided aztec diamonds network SAZ,,. From table-1, getting

Gk (V) =L per(y) [dp +dy] ‘

G (y) = (8n) [4%] 4+ (12) [5¥] + (8n* +8n—12) [6 ]

By making some computations, we get

Gi(y) = 8n? [6K] +8n [65 +4K] + 12 [5K — 6].

Theorem 2.11 Consider SAZ, as a subdivided Aztec diamonds network, then its first general Zagreb
index is computed as:

"My (y) = 2n? 271 - 4K] 420 [4F 4+ 6(25)] + [4(3F) —3(4h)).

Proof:- By supposing v is the subdivided aztec diamonds network SAZ,. From table-1, getting

M (W) =L pyepy 4y +dy '] k> 1

"My (w) = (8n) [2 %] + (12) [2F 1 4+ 357 1] + (8n% + 8n — 12) [2K~! +4K71]

By making some computations, we get

“My (w) =20 [2KH - 4K] - 2n [4F 1+ 6(28)] + [4(3%) — 3(4h)].

Theorem 2.12 Consider SAZ, as a subdivided Aztec diamonds network, then its F-index is computed as:
F (y) = 160n® +224n — 84,

Proof:- By supposing v is the subdivided aztec diamonds network SAZ,. From table-1, getting

F <W) - quGE(q/) [dpz + qu}

F(y) = (8n)(8)+(12) (13) + (8n* 4+ 8n — 12) (20)

By making some computations, we get

F (y) = 160n* +224n — 84.

3. Conclusions

In this article, many topological invariants which are purely degree-based like general Randi¢ index
Ry (y) for A = {1, %, -1, —%}, general version of harmonic index, ordinary generalized geometric-
arithmetic(OGA) index, sum connectivity index, general sum connectivity index, first Gourava index
and second Gourava index, first hyper-Gourava index and second hyper-Gourava index, ABC index,
differents SK’s indices, F-index and others indices for subdivided aztec diamonds are discussed. The
above computed indices can be interlinked with the chemical networks to grasp their bio-physical features.
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