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Abstract: A Topological index also known as connectivity index is a type of a molecular descriptor
that is calculated based on the molecular graph of a chemical compound. Topological indices
are numerical parameters of a graph which characterize its topology and are usually graph
invariant. In QSAR/QSPR study, physico-chemical properties and topological indices such as
Randi¢, atom-bond connectivity (ABC) and geometric-arithmetic (GA) index are used to predict
the bioactivity of chemical compounds. Graph theory has found a considerable use in this area of
research. In this paper, we study HDCN1(m,n) and HDCN2(m,n) of dimension m, n and derive
analytical closed results of general Randi¢ index R, (G) for different values of a. We also compute the
general first Zagreb, ABC, GA, ABC4 and GAs5 indices for these Hex derived cage networks for the
first time and give closed formulas of these degree-based indices.

Keywords: general randi¢ index; atom-bond connectivity (ABC) index; geometric-arithmetic (GA)
index; Hex-Derived Cage networks; HDCN1(m,n), HDCN2(m,n)

1. Introduction

A graph is formed by vertices and edges connecting the vertices. A network is a connected simple
graph having no multiple edges and loops. A topological index is a function Top : )~ — R where
R is the set of real numbers and ) is the finite simple graph with property that Top(G1) = Top(G)
if G; and G, are isomorphic. A topological index is a numerical value associated with chemical
constitution for correlation of chemical structure with various physical properties, chemical reactivity
or biological activity. Many tools, such as topological indices has provided by graph theory to the
chemists. Cheminformatics is new subject which is a combination of chemistry, mathematics and
information science. It studies Quantitative structure-activity (QSAR) and structure-property (QSPR)
relationships that are used to predict the biological activities and properties of chemical compounds.
In the QSAR /QSPR study, physico-chemical properties and topological indices such as Wiener index,
Szeged index, Randi¢ index, Zagreb indices and ABC index are used to predict bioactivity of the
chemical compounds. “In terms of graph theory, the structural formula of a chemical compound
represents the molecular graph, in which vertices are represents to atoms and edges as chemical bonds”.
A molecular descriptor is a numeric number, which represents the properties of a chemical graph.
Basically, a molecular descriptor and topological descriptor are different from each other. A molecular
descriptor represents the underlying chemical graph but a topological descriptor are the representation
of physico-chemical properties of underlying chemical graph in addition to show the whole structure.
Topological indices have many applications in the field of nanobiotechnology and QSAR/QSPR study.
Topological indices were firstly introduced by Wiener [1], he named the resulting index as path number
while he was working on boiling point of Paraffin. Later on, it renamed as Wiener index [2]. Consider
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“n” Hex-Derived networks (HDN1(1,1)),(HDN1(2,2)) and so on to (HDN1(m,n)). Connect every
boundary vertices of (HDN1(1,1)) to its mirror image vertices in (HDN1(2,2)) by an edge and so on
to (HDN1(m,n)). As a result, we found a graph, which is called Hex-Derived Cage networks with “n”
layers. In this article, the notations which we used take from the books [3,4].

In this article, Graph (G) is considered to be a graph with vertex set V(G) and edge set E(G), the

d(a) is the degree of vertexa € V(G) and S(a) = Y, d(b) where Ng(a) ={be V(G) |ab € E(G)}.
bENg([l)
Let G be a graph. Then the Wiener index is written as

W(G) =5 ¥ d(ab) M
(a,b)

The Randi¢ index [5] is the oldest degree-based topological index invented by Milan Randig,
denoted as R _ 1 (G) and defined as

@)= L Vawaw @

R4 (@) is a general Randi¢ index and it is defined as

RUG) = T (d@d(®)* for a R ®
abeE(G)

A topological index which has a great importance was introduced by Ivan Gutman and Trinajsti¢
is Zagreb index and defined as

M(G)= ). (d(a)+d(b)) )

abeE(G)

Estrada et al. in [6] invented a very famous degree-based topological index ABC and defined as

ABC(G) = ),

—_ 5
v\ dwae) ©

GA index is also a very famous connectivity topological descriptor, which invented by
Vukicevié et al. [7] and denoted as

_ 2\/d(@)d(b)

ABC4 and GA5 indices find only if we find the edge partition of interconnection networks
each edge in the graphs depend on sum of the degrees of end vertices. ABC,4 index invented by
Ghorbani et al. [8] and written as

S(a)+S(b) -2
ABC4(G) = Z M 7)
abeE(G)
The latest version of index is GAs invented by Graovac et al. [9] and defined as
GAs(G) = TSR YN 8
(9= L () +sb)

For any graph G for # = 1, the general Randi¢ index is second Zagreb index.
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2. Main Results

Hex-Derived Cage networks HDCN1(m,n) (show in Figure 1) and HDCN2(m,n) (show
in Figure 2) give closed formulas of that indices, we study the general Randi¢, first Zagreb, ABC, GA,
ABC, and GAs5 indices of certain graphs in [10]. These days there is a broad research activity on ABC
and GA indices and their variants, for additionally investigation of topological indices of different
families see, [1,11-23].

Figure 1. Hex-Derived Network (HDCN1(3, n)).

“.
: —— 1 |

-

Figure 2. Hex-Derived Network (HDCN2(3, n)).

2.1. Results for Hex-Derived Cage Networks

We compute specific degree-based topological indices of Hex-Derived Cage networks. In this
paper, we calculate Randi¢ index R,(G) with a = 1,1, %, —%, M;, ABC, GA, ABC4 and GAs for
Hex-Derived Cage networks HDCN1(m, n) and HDCN2(m, n).

Theorem 1. Let G; = HDCN1(m, n) be the Hex-Derived Cage network, then its general Randi¢ index is
equal to

18(108n3 — 219n% + 251 +91), a=1;

6(361° +3(7v/3 — 34)n2 + (4v/21 + 67/7+

28v/6 — 84v/3 +12v/2 4 35)n + 2\/42—

8v/21 — 121/7 — 56v/6 + 100v/3 + 39), a=1

1190713 — 17003n% + 123431n—3051 A= —1:
Ry(G1) =19 15w 8 211162?5 2 4, -
- n
R Gy i v L Gv
4f—\%+\ﬁ+5\@+ B yn—
8 38 6_
86+ +3ﬁ+2\ﬂ

3 13 _
10/3+5, w=—

N|—=
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Proof. Let G; be the Hex-Derived Cage network (HDCN1(m,n)) where m = n > 5. The edge set
of HDCN1(m,n) are divided into seventeen partitions based on the degree of end vertices shows
in Table 1. Thus from Equation (3), is follows that

Ra(G1) = ), (d(a)d(b))"

abeE(G)

Fora =1

17
Ri(Gi) =}, ), deg(u)-deg(v)

j=1abeE;(G)

By using the edge partition given in Table 1, we have
R1(G1)=18|E1(G1)| + 21|E2(G1)| + 24|E5(G1)| + 27|E4(G1)| + 36| Es(G1)| + 42| E6(G1)| + 48| E7 (G1)| +
72|Eg(G1)| + 49|E9(G1)| + 63|E10(G1)| + 84[E11(G1)| + 64[E12(G1)| + 72|E13(G1)| + 96[E1a(Gh)| +
81|E15(G1)| + 108|E16(G1)| + 144|E17(G1)|

After simplification, we have

Ry(G1) = 18(108n° — 219n% + 251 + 91)

N—

For o =

17

Ry(G) =) ¥ /) d)

j=1abeE;(G)

Using the edge partition from Table 1, we have
Ry (G1)=3v2|E1(G1)| + V21[E2(G1)] + 2V6|E3(G1)| + 3VBIE4(G1)| + 6]E5(G1)| + V42[Ee(Gr)| +
4V3|E7(G1)| + 6V2[Es(Gi)| + 7|Ee(G1)| + 3V7|Ew(G1)| + 2v21En(G1)| + 8|En(Gi)| +
6V2|E13(G1)| +4V6|E14(G1)| +9|E15(G1)| + 6v/3|E16(G1)| + 12|E17(G1)|

After simplification, we have
R (G1)=6(361> + 3(7v/3 — 34)n? + (4v21 + 61/7 + 28v/6 — 84+/3 + 12¢/2 + 35)n + 21/42 — 8+/21 —
12v/7 — 56/6 + 100+/3 + 39)

Fora = —1
17 1

Ra(G)=), ). d(a) -d(b)

j=1abeE;(G)

R_1(G1)=15|E1(G1)| + 21 |E2(G1)| + 55| Es(G1) | + 2 |Ea(G1)| + 55 |E5(G1)| + 25| Ee(G1)| + 45| E7(G1)| +
51Es(G1)| + 251Ea(G1)| + g51E10(G1)| + g1|E11(G1)| + &IE12(G1)| + 25|E13(G1)| + o¢|E1a(G1)| +
s1/E15(91)| + 135/ E16(G1)| + 152 E17(Gh)|

After simplification, we have

1190713 — 1700312 + 12343n — 3051
21168

R_1(G1) =

NI—

Foroa = —
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Ry (G) = RG] + EIE(G)] + YEIE(G)] + FIE(G)] + IEs(G1)] + Y2 |Es(G1)] +
B (G1)| + Y2|Es(G1)] + LIEo(Gr)| + YZ|E10(Gr)| + Y2 E1(G1)| + 31E12(G)| + Y2|Ers(G1)] +

)
Yo |E1a(G1)| + S|E15(G1)] + Y2 |Er6(G1)| + 55 |E1(G))|
After simplification, we have

3
R (G)=1 + (5 — B+ (5 +4v6— B+ V2453 + fon— 5 —8ve+ 5 +3v2+

2,/8-10,/3+8 O

In the below theorem, we calculate the Zagreb index of G1(m,n).

Theorem 2. The first Zagreb index of hex-derived cage network HDCN1(m, n) is equal to
M;(Gy) = 18(27n3 — 51n% 4 10n + 14)

Proof. With the help of Table 1, we calculate the Zagreb index as

17
Mi(G1)= ), (d(a)+d(b))=}) ) (d(a)+d(b))

abeE(G) j=1abeE;(G)

Mi(G1) = 9|E1(G1)| + 10|E2(G1)| + 11|E3(G1)| + 12|E4(G1)| + 15|E5(G1)| + 13|E6(G1)| + 14|E7(G1)| +
18|Es(G1)| + 14|Eo(G1)| + 16{E10(G1)| + 19|E11(G1)| + 16]E12(G1)| + 17|E13(G1)| + 20[E1a(Gr)| +
18|E15(G1)| +21|E16(G1)| + 24|E17(G1)|

After some calculations, we get

M;(G1) = 18(27n% — 51n% 4 10n + 14)

Table 1. Edge partition of Hex-Derived Cage network (HDCN1) based on degrees of end vertices of
each edge.

(dy,dy) where ab € E(G1) Number of Edges (d,, d,) where ab € E(G1) Number of Edges

E1 = (3,6) 24 Eig= (7,7) 6n —18
E; = (3,7) 2(6n —12) E;1 = (7,9) 2(6n —12)

E; = (3,8) 6(6n —12) Ep = (7,12) 6n — 12

Es = (3,9) 1812 — 72n + 72 E;3 = (8,8) 2(6n —18)
Es = (3,12) 1813 — 54n? + 42n Eyy = (8,9) 2(6n —12)
E¢ = (6,7) 12 Eis = (8,12) 4(6n —12)
E; = (6,8) 24 Eis = (9,9) 12n? — 60n + 72
Eg = (6,12) 12 Eiy = (9,12) 12n% — 48n + 48
Eo = (12,12) 913 — 3312 + 30n

In the next theorem, we calculate the ABC, GA, ABC4 and GA5 indices of Hex-Derived Cage
network HDCN1(m,n).

Theorem 3. Let HDCN1(m,n) be Hex-Derived Cage network, then we have

o ABC(G1) =3(4V13 + v22)n3 + £5(8V/57 + 241/30 — 33/22 — 108v/13 + 64)n* + (— % + 8\/§+
42+ 8B 413\ /7 458 1 9v6-8,/F + /3 +7VI3 - 7V30)n + 44— 16,/§ — 4v/2 —

1203\ /7186 +8,/§ —2,/% +2,/% + 6v30.
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. sz@l)) =170 4 31853 — 749)n® + (128 4 1442 _ 44445 | 108Y6 4 9y7 | ML),
24+/42 696 2496 540 120
T_Tf_%f_ 55\["' 7\["' 19["'18-

. ABC4(gl):g\/38( —4)2 42 79(n—2) I/ Bn(3n? — 15n 4+ 19) + £/ En(Bn? — 17n +
24) + /17 (12 — 51+ 6) + 2,/ U3 (n? — 5n + 6) + 2,/ 5 (n? — 51 + 6) +2\ﬁn2—5n+6)+
/8 (n? —6n+8)+ﬁ 34(n? —9n+20)+2 Win—2)+ /32 —2) +4,/8(n—2) +
61/ (n—2) +6y/B(n—3)+4 %(n—3)+121/—n—3 +18 %(n—3)+205}%) +

2,/ Bh(n — 92 + 24/ (n — 4)% + 14;%” + 48(}” + 3B - 4) + B2 - 4) +

20/ (n—4) + 24/ 35 (n —4) +34/35(n — 4) + 4/ 5( +121/ (n—4)+ 64/ z5(n —
4) + 12,/ 4538 (n — 4) + 30\ /25 (n — 4) + 18,/ 337 (n — 4) + 28,/ -8 (n — 4) + S /134(n _5)+

114(n —5) + % 33(n—5)+% 2n —5) + 2oyt 4V E + 698 4 240 /10 +
3y E 43/ +4y B +4 /R +4 /B +4\ /B +4 /B +20 /8 +6,/ 30+ ﬁ+6 5+
60/3 10 34 2 78 5 2 2

}f 1120/ 3 4120/ 2 +120/ 78 + 24,/ 3 + 60/ 52 + 364/ 5.

e GAs5(G1) =13V14(n — 4)% + {£V1659(n — 2) + 2/10n(3n% — 151 + 19) + 33/210(n? —
51+ 6) + 18 77(n2—5n+6)+£ 7o(n2—5n+6) BV21(n* — 5n + 6) + 9n® — 33n? —
661 + $5v/2607(n — 2) + £5v/790(n — 2) + 155V/553(n — 2) + 112 V79(n — 2) + £ /574(n —
3)+% 205(n—3)+% 82(n —3) + $V4l(n —3) + F( —4)2 4+

115
779

\ool\.)

5V/230(n — 4)% +
161(n — 4)2 + 2/5293(n — 4) + £/4623(n — 4) + % ( ) + 2/2010(n 4) +
5 V1407(n — 4) + 5‘;\/118 (n—4) + ££V1173(n — 4) + 8 86(n — 4) + 1o-/561(n
4) + $5/510(n — 4) + 8BV469(n — 4) + $BV/406(n — 4) + % 357 ( ) 158(n — 4)

134(n—4)+ 32 29( —4)+12(n —4) +36(n — 5) + B2 4 By | 48%558 + 812
48\/106 16ﬁ %ﬁ 16\/5 48\/4? 32\/2T 16\/2? 96\/27 32@ 72\/@ +

48\/F+ 96\F+ 21\F 33$1\5F+3\ﬁ+28f+ 32\F+ 36\F+ 192\/+ 1336\f+258

Proof. From Table 1 we calculate the ABC(G1) as

B d(a)+d(b) -2 d(a) +d(b) —2
ABC(Q1)—ub€ZEl(g) (@) -d(b) _]zlubeEj(g) d(a) - d(b)
ABC(G1)=YB|E1(G1)| + BE2|Ex(G1)| + YE|E3(Gr)| + YL |Ea(Gr)| + VB |Es(Gr)| + VA2 |Es(Gh)| +
HEZ (G| + iws(gm S 2531E9(Gh)| + f|Elo<gl>\ iy BITEN(G)| + Y (En(G)| +
Y30\ E15(G) | + Y2 E1a(Gr)| + $1E15(G1)| + Y |Ere(G1)] + Y2 |E1(G).

After simplification, we have

ABC(G1)=3(4V/T3 + V22)n® + 15 (8v/57 +24v/30 — 33v/22 ~ 108v/13 + 64)2 + (~ % +8,/8 + 42 +

35 43,/7 458 +9v6— 8,/ + /3 + 7T - 70+ 44— 16§ —av2 - 1298 [T
18V6+8\/5 —24/3 +21/% +6v30.
Now we calculate GA from Equation (6) as

AG)= Y 2/d( 2 y 2\/d(a)d(b)

abeE(G) (d( ) + d( j= 1abeE (d(a) + d(b))

From Table 1 calculate GA(G,) as
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GA(G)=22|E1(G1)| + Y& |E2(Gy)| + 448 |E3<gl>|+f\E4<gl>|+5|E5<g1>|+ 2|E6(G1)| +
%UE (G1)| + ¥|ES(91)| + 1|E9(G1)] + %\Em(glﬂ + T|El1(gl)\ 1\Elz(gl)| +
1292 1E15(Gy)| + 2681 Eg(Gr)| + 1|Ers(G)| + %3 |Ere(G1)| + 1|E17(Gy).

After simplification we have

GA(G)) =177 1 3(185/3 — 749)n? + (108 4 144y2 _ 444V3 | 1248V6 4 97 | 34801, \ 24402 _
696v/21 2496 540 120
NI R N T o

If we cor151der an edge part1t10r1 based on degree sum of neighbors of end vertices; then the edge
set E(HDCN1(m, n)) are divided into sixtynine edge partition E;(HDCN1(m,n)),18 < j < 86 shows
in Table 2.

From Equation (7), we have

ABCy(G) = Y )2 r5b) =2 y’ 5(a) +5(b) =2

abeE(G) 5(a)S(b) j=18 abeE;(G)

From Table 2 we use edge partition, we get
ABCy(G1) = 27 |E1s(G1)| + 512 [E19(G1)| + Y572 | E20(G1) | + 275772 Ean (G1) | + Y350 |Ex2(G1)|

VIS8 | Eys (G1)| i M\Emgm + ng(gm + N@E%(gm + 2@\157( G|
VBB (G1)] + YBRIEw(Gr)| + BFOIE0(G)] + Y| (G)] + 2EFP|En(G)]
\/ﬁ“f Gi)| + W‘EAL (G1)] + m|535(g1)| + \/24T|E36(g1>| + \/ﬁﬂf 7(G1)]
ZW\ES G| + YZLEn(G)| + 2ZHIEG(G)| + YEZEn(G)| + YEY|Es(Gy)l
WIRIEL(G)| + YES|Ew(G)| + 2BEIEs(G)] + YER|Eg(G)] + LEg(G)
M|E48 (G1)| + W|E49(91)| + 2\/2W|E50(g1)| + 2@|E51(g1| + zmlE G1)|

293234 | Es3(Gr) | + Y352 | Esa(Gr) | + 1| Es5(Gh) | + 20220 | Ese (Gr) | + 25522 | Es7(Gh) | + Y2588 | Ess (Gh) |
|

e e e e S S S

S (G - BB (G| + RG] ¢ YEPEa(G)] + YEH|Eg(G)
\/H|Ee4 (G + 2@“565@1” + M|E66(g1)| + 2@@ (G| + M\E s(G1)|
VIR EG (G + YIBIEN(G)| + YEBIEN(G)] + REBIE,(G)| + VI|E,(Gy)
A2 (E(G)| + BZ2|Es(G)] + YO E(G)| + 24ZO|En(Gh)| + YR2|Es(Gy)]
Y0 B |(Gr) + 2458%1Eg(Gr) + 29800E5(Gr)] + YR En(G)| + YRR|Es(G)]

812 |Esa(G1)| + Y52 Ess(G1)| + 1|Ess(G1).
After s1mphf1cat10n we get

ABC4(Gy) =8/ (n — 4)2 +2 @(n—2)+%\/§ (32 — 151 +19) + & \/n(3n2 — 17n + 24) +
\/g(n2_5n+6)+2 Wn?—5n+6)+2¢/ 3% (n?—5n+6) +2\/>” —5n+6)+ 1 \/8?3(712_
6n + 8) + £/34(n? — 9n +20) + 2,/ 43 (n_z) B0 2) +4,/D(n—2) +6,/B(n—2) +
6\/%(11—3)%—4 %(n—B +12\/zn—3)+18 %7(;1_3) %4_2 2401_4)

20/ (n — 4)2 4 ot BB 43 B 4) + BV2n - 4) + 2/ B - 4) +2 469(
4)+3,/F(n—4)+4/5(n— +12,/ (n—4)+6\/g5(n—4)+12 11138%( 4) +304/ % (n —
4) + 18/ 5or (n —4) + 284/ 55 (n —4) + 3 V/134(n — 5) + §114(n —5) + & 33(n—5)+% 2(n —

5) + 206‘/§+4\/T+6f+ 2 +2\/g+3\/5+3\/>+4\/§+4\f+4 786 1 4,/78 4
1B 12 /B 16,/E +24f+6 B B eI /B R
12\/%%4\&%0 27 +36\/ s
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Now we find GAs(G) as

CAs(G) = ¥ 2,/5(a)S(b) _% 3 2,/5(a)S(b)

abeE(G) (S(a) +S(b)) j=18 abeE;(G) (S(a) +S(b))’
Using the edge partition from Table 2, we get
GAs(G1) = /1635 E1s(G0)| + /11 Er0(G1)| + s Exo(G0)] + 1/ 15 Ean (G)| + \/ 5 [ Exa(G)] +
\/%Uizs G1)| \/;|E24 Gl \/%\E% (G1)] \/%UEZ(, G| + /o|Ex(G1)]
\/52%|E28(g1 \/ghip G1)| \/%U%o Gl + \/%\E31(Q1)| + \/%|E32(g1)|
\/%IEaa(% \/@534 G| + \/E|E35 G)| + \%\E%(gm + \/%wy(gl
\/%Uiss(% \/%|E39 (G + \/%llim (G1)| + \/%\Em(glﬂ \/%UE%(%
\/%|E43(g1)| + \/%um( V)l + \/218%@45 (G| + \/E\E%(gm + \/%my(gl
)| (
| (

+ o+ + + + + + + + o+ +

)
)
)

VablEs(G)] + /B5IEw(@)] + /el + HIE (@) + \/lEx(G)

VERIEs(G)] + /8Esa(G) + GEIEss(G)] + /EBIEss(G)] + \/4lEsr(G)

VaslEs@)] + ElEn@)] + | SKlEa@)] + EIEaG) + \/lEa(G))

)
)
)
)

n
\/%|E63<g1>| + \/ 2355 |Eea(G1)| \/E“Sé,% (G1)| + \/%‘E66(g1| + \/%ww(gﬂ
\/%IE@(%)I + \/%Ufw G1)| \%\Em Gl + \/%“Eﬂ(gl + \/%Ufn(%
\/%U:}s (G1) + \/%UEM G1)| + \%\575(91” + \%“576(91 + \/%wﬁ(gl

S sG] + \/EhlEnl(G) + /EhIEso(G)] + /AGIEn(G)] + \/klEsa(Gy
Vs lEss(G1) m%w% G1)| + /555 Ess (G1)] + /5| Ess (1)

After simpliﬁcation we get

GAs5(G1) =13v14(n — 4) + 163 1659(n — 2) + /101 (3n2 — 15n + 19) + 2£1/210(n? — 51 + 6) +
1V77(n? — 51+ 6) + 13v/70(n? — 5n + 6) + B/21(n? — 5n + 6) +9n> — 33n2 — 661 + /2607 (n —

2) + 25v/790 (n - 2) + 8 /553 (n —2) + }‘fg 79(n — 2) + 2/574(n — 3) + 2y/205(n — 3) +

)
)| |
)| |
)| |

Ze 8 (n—3)+ % v41(n—3) + £/253(n — )2+% 230(n —4)2 + 18v/161(n — 4)? + $2/5293(n —
4)+ 4623(n 4)+% 2211(n — 4) + 32v/2010(n — 4) + {5/1407(n — 4) + 33/1189(n — 4) +
& 1173(n—4)+% 986(n—4)+101 561(n74)+% 510(n —4) + $8/469(n — 4) + 28 1/406(n —
4) + 23/357(n — 4) + 29V/158(n — 4) + 23V/134(n — 4) + 32v/29(n — 4) + 12(n — 4) + 36(n — 5) +

48\/521 + 48\/442 + 48\/155 + 48\/112 + 48\/106 16ﬁ + 96\/57 16\/5 + 48\/4? + 32\/2T +
16\/27 + 96\/§ + 32@ + 72\/ﬁ 48@ + 9 f 21\ﬁ + 33115 + 3\/> 5+ 28f + 32f +
36f + 19 ‘[ + 133363f + 258 D




Symmetry 2018, 10, 619 9of 18

Table 2. Edge partition of Hex-Derived Cage network (HDCN1) based on degrees of end vertices of
each edge.

(Su,Sv) where ab € E(G1)  Number of Edges  (Sy, Sy) where ab € E(G1) Number of Edges

Eig = (26,41) 24 Es3 = (49,66) 24

Ei9 = (26,56) 24 Esy = (49,79) 12

Exo = (26,76) 24 Ess = (50,50) 61 — 30

Ey = (28,49) 24 Es¢ = (50,67) 2(6n — 24)
Epp = (28,50) 2(6n — 24) Es; = (50,79) 61 — 24

Exs = (28,56) 24 Esg = (56,58) 24

Epy = (28,58) 4(6n —24) Eso = (56, 66) 24

Eps = (28,66) 24 Ego = (56,76) 24

Ex = (28,67) 2(6n — 24) Ee1 = (56,82) 24

Epy = (28,79) 2(6n —12) Egr = (58,58) (61 — 30)
Exg = (28,82) 2(6n — 18) Eg3 = (58,68) (61 — 24)
Exg = (30,66) 24 Egs = (58,82) 4(6n — 24)
Ezp = (30,67) 2(6n — 24) Egs = (66,67) 24

Es; = (30,68) 4(6n —24) Egs = (66,68) 24

Ez = (30,69) 1212 — 961 + 192 Eg7 = (66,79) 24

Es3 = (30,84) 6n% —30n + 36 Egs = (66,84) 24

Eas = (32,56) 24 Ego = (67,67) 2(6n — 30)
Ezs = (32,58) 2(6n — 24) Ezo = (67,69) 2(6n — 24)
Ezs = (32,76) 24 Ey = (67,79) 2(6n — 24)
Es; = (32,82) 4(6n —18) Ey = (67,84) 2(6n — 24)
Esg = (33,66) 24 Ey3 = (68,68) 2(6n — 30)
Ez9 = (33,67) 2(6n — 24) Eyy = (68,69) 2(6n — 24)
Ey = (33,68) 2(6n — 24) Eys = (68,84) 4(6n —24)
E41 = (33,69) 6n2 — 48n + 96 Eze = (69,69) 1212 — 1081 + 240
E4 = (33,79) 2(6n —12) Ey; = (69,84) 1212 — 961 + 192
Eg = (33,84) 1262 — 60n + 72 Ezs = (76,82) 24

Ey = (36,76) 24 Ez9 = (76,90) 12

E4s5 = (36,79) 2(6n —12) Ego = (79,84) 2(6n —12)
E4 = (36,82) 6(6n — 18) Eg; = (79,90) 6n —12
Ey; = (36,84) 18n% — 901 + 108 Egr = (82,82) 2(6n — 24)
Esg = (36,90) 1813 — 9012 + 114n Egs = (82,90) 4(6n —18)
Eg = (41,49) 12 584 = (84,84) 6n% — 36n + 48
Eso = (41,56) 24 = (84,90) 1212 — 60n + 72
Es; = (41,76) 12 E86 (90,90) 913 — 51n? + 72n
Esp = (49,50) 12

2.2. Results for Hex-Derived Cage Network (HDCN2(m,n))

In this portion, we find some degree-based topological indices for Hex-Derived Cage network
(HDCN2(m,n)). We calculate the general Randi¢ index R, (G) witha = {1,-1,1, 1}, ABC, GA,
ABC4 and GAs5 in the the below theorems for (HDCN2(m, n)).
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Theorem 4. Let G, = HDCN2(m,n) be the Hex-Derived Cage network, then its general Randi¢ index is
equal to

6(486n> — 106812 + 312n +293), a=1;

6(9(2v2+3)n® + (2v/30 +2v/15 4 3v/6 4 6v/5+

12v/3 — 60v/2 — 81)n? +2(1/35 — 24/30 + v/21—

V15 +4V10+3v7 +2v6 — 12¢/5 - 20V/3

+30V2 + 14)n + 242 — 4v/35 + 41/30 — 4v/21—

1610 — 12/7 — 20/6 + 24+/5 + 48+/3—

12v2 + 39), a=1;
R“(gz) — 297675n% — 44565552n92(—)5 282283n — 40155 a=—1;

1V + (% 5\f+z\f N
- un+%8é+6f Bt
#§5VI- - o o
7*7 D RRCET NIRRT EEVER

3

7

1
12,/ + 5, w= 1.

Proof. Let G, be the Hex-Derived Cage network (HDCN2(m,n)) where m = n> 5. The edge set of
HDCN2(m,n) is divided into twenty partitions based on the degree of end vertices. Table 3 shows
these edge partition of HDCN2(m, n).

Ru(G2) = ), (d(a)d(b))"

abeE(G)
Fora =1

20
Ri(G) =) ). deg(u)-deg(v)
j:l abeEj(g)

Using the edge partition from Table 3, we get
R1(G2) = 25|E1(G2)| 4 30|E2(G2)| + 35| E5(G2)| +40|E4(G2)| +45|E5(G2)| + 60| E6(G2)| + 36|E7(G2) | +
42|Eg(G2)| + 48|E9(G2)| + 54|E10(G2)| + 72|E11(G2)| + 49|E12(G2)| + 63|E13(G2)| + 84|E14(Ga)| +
64|E15(G2)| + 72| E16(G2)| + 96|E17(G2)| + 81|E15(G2)| + 108|E19(G2)| + 144|Ex0(G2)|

After simplification, we get

R1(Gy) = 6(486n° — 10681 + 3121 + 293)

N—=

For a

(G2) =) Y. /d(a)-d(b)

l
2

Using edge partition from Table 3, we get
R%(gz) = 5|E1(G2)| + V30| E2(G2)| + V/35|E5(G2)| + 2V10|E4(Ga)| + 3V/5|Es(G2)| +2v/15|E6(G2) | +
6|E7(Ga)| + V42|Es(Ga)l + 4VB[Ee(Ga)| + 3V6|Ew(G)| + 6V2(En(%)| + 7|En(G)| +
3V7|E13(G2)| + 2V21|E14(Go)| + 8|E15(Ga)| + 6V2|E16(Ga)| + 4V6|E17(Ga)| + 9|E18(Ga)| +
6v/3|E19(G2)| +12|Ex ()|

After simplification, we get
Ry (G2) = 6(9(2v/2 4 3)n% + (24/30 + 2v/15 4 3v/6 + 6/5 4+ 121/3 — 60v/2 — 81)n? + 2(+/35 — 2¢/30 +

V21 — /15 + 4v/10 + 3v/7 + 2v/6 — 120/5 — 20v/3 + 30v/2 + 14)n + 2v/42 — 41/35 + 4/30 — 41/21 —
16110 — 124/7 — 201/6 + 24+/5 + 48+/3 — 121/2 + 39)
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Fora = —1

_1(GZ) = Z E W

R_1(G2)=2|E1(G2)| + 55 |E2(G2)| + 35| E3(G2) | + 351Ea(G2)| + 45 |E5(G2)| + g51E6(G2) | + 5 |E7(Ga)| +
51Es(G2)| + 751Eo(G2)| + 51lE10(G2)| + %1E1(G2)| + 351E12(G2)| + &5|E13(G2)| + g1|E14(G2)| +
&|E15(G2)| + 7 |E16(G2)| + 95 |E17(G2)| + 571E18(G2)| + 1051 E19(G2)| + 142 |E20(G2)|

After simplification, we get

29767513 — 445655n% + 2822831 — 40155
529200

~1(G2) =

Foroa = —

Nl—

@S L b Viwan

1(G2) = $E1(G2)| + L|152(gz)| + L\153(92)| + #|E4(gz)| + #|E5(gz)| + #|E6(gz)\ +
6|E7(gz)|+\ﬁ|E8(gz)|+ \f|E9(g2)|+ \f|E10(g2)|+ |E11(g2)|+7|E12(92)|+ |Els(gz)|+

\ﬁ|514(gz)|+8\515(gz)|+ f|E16(g2)|+ \[‘E17(g2)|+9|E18(g2)|+ f|519(gz)\+12|520(92)|
After simplification, we get

R_;(G2)=3(2v2 +3)n° ( 5f+2f+\f+\/§ B)n2 4 (461) +6,/2+ /3 - \f—
_ 5 _ 16 i 12 v, 24 8 4 16 , 8 _ 2
\f 4\f+5*[ R L R R S SRRV NEE
24/3 — 12\@ + 13
In this theorem, we find the first Zagreb index for hex-derived cage network Gj.
Theorem 5. For Hex-Derived Cage Network (G,), the first Zagreb index is equal to

M;1(G) = 12(54n° — 109n° + 34n + 21)

Proof. Let G, be the Hex-Derived Cage Network (G,). Using the edge partition from Table 3, we have

20
Mi(G2) = ), (da)+d(b)=) ) (d(a)+d(b))

abeE(Q) j=1abeE;(G)

M1(G2) = 10|E1(G2)| + 11E2(G2) | + 12| E3(G2) [ + 13| E4(G2) | + 14| E5(Ga) | +17|Ee(Ga) | +12|E7 (G2 )| +
13|Eg(G2)| + 14|E9(Ga)| + 15|E19(G2)| + 18|E11(G2)| + 14|E12(G2)| + 16]E13(G2)| + 19]E14(G2)| +
16|E15(G2)| + 17|E16(G2)| + 20|E17(G2)| + 18|E18(G2) | + 21| E19(G2)| + 24|E20(G2)|-

After simplification, we get

M1 (Ga) = 12(54n° — 1091 + 34n + 21)
O

In below theorem, we calculate the ABC, GA, ABC4 and GAs indices of Hex-Derived Cage
Network G».

Theorem 6. Let G, be the Hex-Derived Cage Network for every positive integer m = n > 5; then we have



Symmetry 2018, 10, 619 12 of 18

e ABC(Gy) =2v2(3n% — 10n? + 8n + 2) + 31/ Hn(3n% — 11n + 10) + @n@mz — 11n + 10) +

6\/5112—2114—2 —I——(2—5n+6)+3n(n 1) + 12ﬁ”+6n+\/% —2)2 42,/ 2(n

+8\[rz— 2 +/30(n —2 +\/7n— +64/2(n—2)+6V3(n—2)+4v2(n—2) +
12\/;11— —0—3\/;;1— %fn— +2\/;

o GA(G2)=4v2(3n> — 10n% + 8n + 2) + 21/30(n® — 2n + 2) + 18n3 — 54n® + 24/15(n — 1)n +

8Y31 4 10y 4+ 120/6(n — 2)2 + 36/5(n — 2)2 + 25 (n = 2)* + 2v/35(n — 2) + 3V21(n - 2) +

%V10(n—2) + 3vV7(n —2) + BV/6(n —2) + 1/2(n —2) + 12(n — 3) + 242 4 54

o ABC4(Gr)=15\/1n(3n% — 17n + 24) + §1/3(3n® — 13n? + 16n — 10) + 3v/51(3n® — 15n +
19) + 34/ (n® —5n+6) +31/18(n2 —5n 4 6) + 2,/ (0> —5n+6) + %/ (n> — 5n +
6) + 3/ s (n* — 51 + 6) + 29/2(n® — 6n +8) + 1 6(n —9n +20) + 7,/ &(3n — 8)

B m—-22+2/Bn-2)+5 19(n—2)+5ﬂ(n— 2)+ 2/ Em-2)+/En-2
124/ g (n —2) + 24/ hs (n — 2) + /2B (n —3) +24/32 (n —3) + 51/ 35 (n —3) + 274(
3)+2¢/¥0(n—3) + 3,/12(n—4)2 + 2,/ 1% (n — 4)> + 30 1919( —4)2 + £/366(n — 4) +

2/ (0 —4)+ 828 (n—4) + 3VTA(n 4 +4\f 2,/2(n 4)+12\f(n—4)+
2/En—14 —|—3\/jn— —0—6\/jn— +64/ 555 (n— —|—6\/;n— ) +64/ 2k (n—4) +

60/ (n—4)+ L1/ & (n—4) + 72/ A=(n 4)+56(n—4)+@ 146(n — 5) + £/37(n —
5) + %v2(n —5)+ L +2,/3 + 8 12,/ 12 35 /8 4 1832 4y, f678

48 32
24/83 + \/>—|—81/ 1 +8\/30 +8,/B1+38 23+12,/§§ +64/3 + 77+12 20+
30 146 166 43
124/ 15 + 124/ 35 +244/ 589 +24\/ & +124/ 508 + 241/ s + 161/ 585 + 481/ 5360 + 484/ 7373

. GA5(gz)=3n(3n2 —17n 4 24) +4+/2n(3n* — 15n 4 19) + 143 4242(n% — 51+ 6) + 32/101(n* —
51+ 6) + 33v42(n? — 5n + 6) + G5 (n? — 51 + 6) + £5/570(3n — 8) + 9n® — 21n% — 90n +
B2/6(n — 2) + £V9595(n — 2) + 2+/3705(n — 2) + 45/285(n —ﬁ + 2V/95(n — 2) +

9120 -3
HV3(n —2) + 4 V2(n ~2) + E5VII00 —3) + F/66(n —3) + 20y 5n3) + $V30(n -
3) + $6/1919(n — 4)% + 2/798(n — 4)> + 18 /19(n — 4)2 + 175 7474(n — 4) + 169 7030(n —
4) + £5/2886(n — 4) + £/1406(n — 4) + $BV777(n — 4) + ¥V715(n — 4) + 3/303(n —
) + 190, /195(n — 4) + §V111(n — 4) + 22V74(n — 4) + %?«57(71 —4) + U0 26(n —4) +
80VI4(n — 4) + Y2VB(n — 4) + 12(n — 4) + 36(n — 5) + B3T3 4 2V 4 16v3I02 4 6vo035 4
813869 | 48+/3066 + 3/2847 4 12v2067 321/851 + 18v/511 + 91/455 + 72@ 36@ 36\/f +
21 115 7 23 43 17 8
288+/253 + 601/219 + 721/185 + 288161 + 1441/138 + 1441/115 + 192\/ﬁ Sf + 168f + 288f
191 37 41 155 73 137 85

260 1 4/35 + 19221 1 958,

Proof. Using the edge partition from Table 3, we find ABC as

ABC(G,) = Z M
abeE(G)

ABC(Ga) = B2IE1(Ga)| + \/ FIE2(Ga)| + \/3IEs (Go) | + 2L Ea(Ga) | + 22 |Es(G)] + 3Es (o) +
VEIEG)| + BIE@)] + HEs(G)| + BIEn(@)| + ZIEn(@)| + 2 (En(G)| +
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\/%‘EB(QZM + \/%Em(gzﬂ + \/3z2|E15(92)| + \/%’Els(gz)\ + \/%|E17(g2)| + \/%|E18(g2)| +

VB E10(G2)| + /B En(G)]

After simplification, we get
ABC(G2)=2v2(31% — 1002 + 81 +2) + 1/ Fn(3n2 110 +10) + \/3n(3n2 — 111 + 10) + 6,/§ (n? -
2n+2)+%(n2—5n+6)+3n(n—1)+%+6n+\/233(11—2)2—#2\/?(11—2)2-1—8\/%(11
V30(n—2) +1/5 (1~ 2) +6(/2(n~2) +6v3(n —2) +4v2(n —2) +12,/3(n ~2) +3,/](n - 3) +
RV3(n-3)+2,/%

Using the edge partition from Table 3, we find GA as
GA(Gy) = 1E1(Ga)] + HR|E2(Go)| + YE|Es(Go)| + L0 Ey(G)| + B3 |E5(Ga)| + A8 |Ee(Ga)| +
1|E7(G2)| + 2\ﬁ‘E8 gz| + Z\F!E9 (G2)| + 2\F|Elo (G2)| + 23ﬂ|E11(g2)‘ + 1|E;n(G2)| +
N |E(G) + HEIEW(G)| + 1Es(G)| + 22(E(G)| + YB|Ew(G)| + 1Eis(Ga)| +
Z—fle(gﬁl + 1|Ex0(G2)|-

After simplification, we get
GA(Gy) =4v/2(3n3 — 1012 + 8n +2) + 2/30(n2 — 21 +2) + 1813 — 54n2 + 24/T5(n — 1)n + B30
12n+ 2v/6(n —2)2 + %/5(n - 2)% + 74} 2)% +2/35(n —2) + 2v/21(n —2) + % 10(n — 2) +

(n—
IVT(n —2) + 4B/6(n —2) + b\ /2(n —2) +12(n — 3) + 242 4 54,

If we suppose an edge partition based on degree sum of neighbors of end vertices, then the edge
set E(G2) can be divided into seventy six edge partition E;(G2), 21 < j < 96. Table 4 shows these edge
partitions.

From Equation (7), we get

S@a)+Sh)—2 & S(a) +5(b) =2
ABC4(G2) =ab€ZE%g) \/ ( )S(a)S((b)) :j§1ah€§(g> \/ : g(a)s((lf) '
Using the edge partition from Table 3, we get
ABCy(G2) = \/ B B (G2)| + 5 | Exa(G2)| + /125 En(G2) | + \/ i [ B gz>|+\/%|1525<g2>r+
\/%Ufza(gz )|+ \/;|E27(g )+ \/%\Ezs (G2)| \/glEm(gzﬂ +
VEEIER(G)] + s En(G)] + /B IEnG)] + B IEsG) + (/A% |E35(gz |
VAT (G + o\ BEn(G)] + /A2IEs(G)] + /alEx(G2)l + \/2EIE(G)
\/ngu )l + \/E\E@ (G2) + \/%lE%(gzﬂ 235 [Eas(G2)| + \/?\E@(Qz
o5 |E6(G2) \/gﬂiw G + \/%Uixs(gz \/%“549 (G2)] \/@U%o(gz
VaARIEs (@] + /3BEn(@)] + AlEs(@)] + /3B[Esa(@)] + \f $FulEss(G)
\/%Uf%(gz) \/%Ufw (G2)] + \@\558 G)| \%W@(Qz) \/%U%o(gz
\/%Ufél(gﬂ \/§|E62 g + \/é?“fés G)| @‘EM(QZ) \/513?“565(92
\/%E%(QZ) \/;|Ee7 (G2)] + \/%U%s G)| \/E\E@(Qz) \/517T93|E70(g2
\/%Ufn(gz) \/%wn (G2) \%\573(92 \%U‘:m G2) \/%Uf%(
(92) ) ) (
(G2) ) ) (
(92) ) ) (

+ )
VERIE(@)| + \ERIERG)| + |/ BhIER(G)
VilEn (@] + [ HiIE(@)] + /31
\/%Uf% G \/%“357(92 T \%‘E%(gz)

\/%“584 9 \/%Uf% G>
\/;U‘:w G

F b+t 4+ 4

+ o+ o+ o+ o+

+ o+ 4+ o+ + 4+ o+
+ + + + + + + + +F + + o+

| | (
| | \/ 2735 |E79(Ga \/ Ta5g | Es0(G2
| | (
| | (

/ 194
9595 |E90 gz



Symmetry 2018, 10, 619 14 of 18

\/ 1030 | Eo1(G2)| + \/;gﬁﬂfw(gz)l + /10692 |E93(G2)| + /103071 Eoa(G2)| + /15508 | Eos(G2)| +

\/ 122/E96(G2) -

After simplification, we have
ABC4(G2) = &/ 'Fn(3n> — 17n + 24) + } \/5(3;1 1372 + 16n — 10) + 4v/5n(3n — 15n +
19) + 3/3 (12 — 5n + 6) + 3,/ 12 (2 5n+6)+2 (02 —5n+6)+ %\ /L (n? —5n+6)+
3\/79077(n 51+ 6) + £ V2(n? — 61+ 8) + BV6(n2 — 90 +20) + 7,/ & (30— 8) + 5/ 2R (n —2)2 +
4 /B8 —2) + 41 ( z>+5f< ) 2R —2) + /& - 2) + 12,/ Bk (n - 2) +
24\/e(n —2) + /1B (n—3) +2 (n—3)+§ Wmn-3)+ 274(n 3)+2/2n-3
3B (-1 +2 l74( 4)2 4301/ 115 (n — 4) +§*5\/3?(n—) Y7 (n—d)+ 8/ 2 (n -
4) + 3VTA(n — 4) +4 £<n—4>+z Ln-4)+ f(n—4>+@ﬁ<n—4+3 Z(n -
) +6/Zn—4)+6/Fn—4 +6\/7(n 9)+6/ B4 16/ Fen-a)+ %\ Z0n-
4) 472 L(n—4)+—( —4) + &\V146(n — 5) + £/37(n — 5) + % 2(n—5)+%+2 4
8f+2 2y [10 \/FJr 23+183\f+4 78 40, /104 48 73+8\/7+8 20 4 g,/138 4

8/ 2 +12./;§ + 64/ 5 42 77+12 20 +120 /42 + 124/ B +24,/ 58 + 24,/ & + 12,/ 2% +
166

24,/ 286 1164/ 22 + 481/ 5955 + 48,/ 335
From Equation (8), we get

GAs(G2) = Y. M‘% 5 2/5(a)S(b)

N wer(g) (5(a) +5(0)) =1 abeE;(G) (5(a)S(b))

)+
)+

Table 3. Edge partition of Hex-Derived Cage network (HDCN2) based on degrees of end vertices of

each edge.

(dy,d,) where ab € E(G2) Number of Edges (dy, dy,) where ab € E(G>) Number of Edges
E; = (5,5) 6n Eq = (6,12) 181 — 60n? + 48n + 12
E; = (5,6) 12n? — 24n + 24 Epn =(7,7) 6n —18
Ez = (5,7) 2(6n —12) Eiz = (7,9) 2(6n —12)
Ey = (5,8) 4(6n —12) Eiy = (7,12) 6n —12
Es = (5,9) 12n? — 48n + 48 Ei5 = (8,8) 2(6n — 18)
E¢ = (5,12) 6n% — 6n Ei6 = (8,9) 2(6n —12)
E; = (6,6) 913 — 3312 + 30n Ei7 = (8,12) 4(6n —12)
Es = (6,7) 12 Eig = (9,9) 12n% — 60n + 72
Eg = (6,8) 12n E9 = (9,12) 12n% — 48n + 48
Ep = (6,9) 6n% — 24n + 24 Ex = (12,12) 913 — 33n% + 30n

Using the edge partition from Table 4, we get

GAs5(Gy) = 1|E21(gz)\+M|Ezz(92)|+zm|523(gz)|+m|524(gz)|+2@|525( G)| +
VIBIE(G)| + YEL|Ey(G)| + YR |Ew(G)| + EA®|Ex(G)| + YBY|E(Gy)| +
W |E5 (Go)| + YIB|En(Go)| + YED|En(Gr) + 2ED|Eu(G) + 2%%?% Ess(Ga)| +
20| Esg (G)| + 2B |E3y(Gy)| + 2B%6|Esg(Ga)| + YEB|Esg(Go)| + 2RIV |E(Gy)| +
VIR1EL(G)| + PERIEL(G) + YBEIEs(G) + YEB|E(G) + 2AES(G)| +
VERIE(Go)| + 2BPIEL(G)| + 2BO|EG(G)| + YEIS|E(Gy)| + 2EZ2|Es(Ga)| +
266 B3 (Go)] + YD |Esy(Go)| + 28 |Es3(Ga)] + LB(Esy(Go)| + 23 |Ess(Go)| +
VIS | Eq6(Go)| + VB |Esp (Ga)| + 24252 |Esg(Go)| + Y39 Es(Ga)| + Y32 | Ego(G2)| + 1|Ee1(G2)| +
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PO E2(G2)l + YBB|Ees(G2)l + PYEa(G2)| + 2EC|Es(G2)| + 2R Ees(G2) +

22 |Ee7(Ga)| + 409 Ees(G2)| + YE2|Eeo(Ga)l + 2RECIEN(G)| + YZ|En(Gr)| +

1|E7(Ga)| + Y552 |E73(gz)| + s |E74(gz)| + 2552 Ez5(Ga) | + Y52 |Ez6(Ga)| + ‘693 |E77(G2)| +
o |Ez8(G)| + 1Ez79(G2)| + 562 |Eso(G2)| + 252 [Es1(Ga)| + 2 7 | Es2(Go)| + 1|Eg3(G2)| +
2‘1%0 |Esa(G)| + Y532 |ES5(92)\+1|E86(gz)|+2"1;37 |Es7(G2)| + 251 | Ess (G2) | + *Ip0° [ Eso(G2)| +
552 |Es0(G2)| + 2 21(?326 |E91(G2)| + 1|Ean(G2)| + 25082 |Eo3(G2)| + 11E04(G2)| + 2002 |Eos(Ga) | +
1|E96(Qz)|-
After simplification, we get
GAs(Gr) =3n(3n% — 17n + 24) + 4v/2n(3n — 15n + 19) + {5 V/4242(n® — 5n + 6) + 32/101(n? — 5n +
6)+%§ 42(n? —5n+6)+2240294(n2—5n+6)+149 570(3n — 8) +9n% — 21n% — 90n + 232./6(n —2)% +
5V/9595(n —2) + 121/3705(n — 2) + 7%/285(n —2) + %\/95(11—2)4-% 39(n—2)+v2(n—2) +
%gg 000 —3) + BV66(n —3) + 9120{:2;”‘3) + 8V0(n —3) + VAT —4)2 4 3798 —
4)2 + 168/1 (n— ) + Z\/7474(n ( 4)+ 2 7030( —4)+ & 2886( —4) + £/1406(n — 4) +
777(n —4) + 2V/715(n — 4) + B3/303(n — 4) + BP/195(n — 4) + §V/111(n — 4) + 32 V/74(n —
4) + 280/57(n — )+ e 26(n—4)+§g 14(n —4) + 20V3(n — 4) + 12(n — 4) + 36(n — 5) +
8\/7373 2\/6935 + 16\/540 6\/5035 8\/3869 +48\/3066 _+_3\/2847 + 12\/2067 +3%/@ + 18\/5ﬁ +9\/43 +
72\/3T+36\/i+36\/§+288\/f+60\/ﬁ+ 72\/F+288\/K+ 144\/ﬁ+ 144\E+ 192\/ﬁ+8f+

168 288\ﬁ 732f /35 192f
6\1/7 103 775 +4V35+ +258. [

The Comparison graphs for ABC, GA, ABC4 and GAs5 in case of a Hex Derived Cage networks
HDCN1(m,n) and HDCN2(m, n) of dimension m and n are shown in Figures 3 and 4 respectively.

Table 4. Edge partition of Hex-Derived Cage network (HDCN2) based on sum of degrees of end
vertices of each edge.

(Su, Sv) where ab € E(G2) Number of Edges (S, S,) where ab € E(G») Number of Edges
Ey = (37,37) 12 Eso = (53,73) 24
Ey = (37,45) 24 Ego = (53,95) 12
Eys = (37,48) 24 Eg = (54,54) 9n3 — 3912 + 48n — 30
Eyy = (37,63) 24 Egr = (54,74) 2(6n — 24)
Eps = (37,92) 24 Ees = (54,92) 24
Ey6 = (37,39) 6n—12 Eeq = (54,95) 3(6n — 16)
Ezr = (39,49) 2(6n — 12) Egs = (54,99) 6(6n — 18)
Esg = (39,53) 24 Egs = (54,101) 1812 — 901 + 108
Eyo = (39,54) 2(6n — 24) E¢; = (54,108) 1873 — 90n2 + 114n
Eso = (39,73) 24 Egs = (63,65) 24
Esp = (39,74) 2(6n — 24) Ego = (63,73) 24
E3; = (39,95) 2(6n —12) E7p = (63,92) 24
E33 (40 48) 4(67’1 - 18) E71 = (63 99) 24
Esy = (40,63) 24 Ej» = (65,65) 2(6n — 30)
Eas = (40,65) 4(6n —24) Ezs = (65,75) 2(6n — 24)
Ess = (40,99) 2(6n — 18) E7s = (65,99) 4(6n — 24)
Esy = (42,49) 12n% — 60n + 72 Ezs = (73,74) 24
Esg = (42,73) 24 Eze = (73,75) 24
Eso = (42,74) 2(6n — 24) Eyy = (73,95) 24
Eg0 = (42,75) 4(6n —24) Ezg = (73,101) 24
Ey = (42,76) 12n2 — 96n + 192 Eyo = (74,74) 2(6n — 30)
Egp = (42,101) 61 — 301 + 36 Ego = (74,76) 2(6n —24)
E4s = (45,53) 12 Eg1 = (74,95) 2(6n — 24)
E = (45,63) 24 Egp = (74,101) 2(6n — 24)
Eys = (45,92) 12 Egs = (75,75) 2(61 — 30)
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Table 4. Cont.

16 of 18

Es; = (49,101)
Ess = (53,54)

1212 — 60n + 72

12

Eos = (101,108)
Eo = (108,108)

(Su,Sy) where ab € E(G2) Number of Edges (S, Sy) where ab € E(G2) Number of Edges
Ey46 = (48,54) 2(6n —12) Egy = (75,76) 2(6n —24)
Ey = (48,63) 24 Egs = (75,101) 4(6n — 24)
Eys = (48,65) 2(6n — 24) Eg = (76,76) 1262 — 1081 + 240
E4o = (48,92) 24 Egy = (76,101) 12n% — 961 + 192
Eso = (48,99) 4(6n —18) Egg = (92,99) 24
Esi = (49,54) 6n2 — 24n + 24 Ego = (92,108) 12
Esp = (49,73) 24 Ego = (95,101) 2(6n — 12)
Ess = (49,74) 2(6n — 24) Eo1 = (95,108) 6n—12
Esy = (49,75) 2(6n —24) Eop = (99,99) 2(6n — 24)
Ess = (49,76) 612 — 481 + 96 Eos = (99,108) 4(6n —18)
Ese = (49,95) 2(6n —12) Egq = (101,101) 6n2 — 361 + 48

12n2 — 60n + 72
913 —51n? + 72n
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Figure 3. Comparison of ABC, GA, ABC4 and GAs for HDCN1(m, n).
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Symmetry 2018, 10, 619 17 of 18

3. Conclusions

In this paper, certain degree-based topological indices, namely the general Randi¢ index,
atomic-bond connectivity index (ABC), geometric-arithmetic index (GA) and first Zagreb index were
studied for the first time and analytical closed formulas for HDCN1(m, n) and HDCN2(m,n) cage
networks were determined which will help the people working in network science to understand and
explore the underlying topologies of these networks.

For the future, we are interested in designing some new architectures/networks and then study
their topological indices which will be quite helpful to understand their underlying topologies.
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