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1 Introduction

Topological indices are the molecular descriptors that describes the structures of chemical
compounds and it help us to predict certain physico-chemical properties like boiling point,
enthalpy of vaporization, stability etc. In this paper, we determine the topological indices like
atom-bond connectivity index, sum connectivity index, randic connectivity index and geometric-
arithmetic connectivity index of mesh, grid, torus and cylinder.

All molecular graphs considered in this paper are finite, connected, loop less and without
multiple edges. Let G = (V, E) be a graph with n vertices and m edges. The degree of a vertex
u € V(G) is denoted by d, and is the number of vertices that are adjacent to u. The edge
connecting the vertices v and v is denoted by uv. Using these terminologies, certain topological
indices are defined in the following manner.

The Atom-bond connectivity index, ABC' index is one of the degree based molecular descrip-
tor, which was introduced by Estrada et al. [5] in late 1990’s and it can be used for modeling
thermodynamic properties of organic chemical compounds, it is also used as a tool for explaining
the stability of branched alkanes [6]. Some upper bounds for the atom-bond connectivity index
of graphs can be found in [2], The atom-bond connectivity index of chemical bicyclic graphs,
connected graphs can be seen in [3, 16]. For further results on ABC' index of trees see the papers
[9, 11, 15, 17] and the references cited there in.

Definition 1.1. Let G = (V, E) be a molecular graph and d,, is the degree of the vertex u, then
dy +dy — 2
ABC ind Gisd d ABC(G) = _ .
index of G is defined as, (GQ) uvgeE \/ id.

The first and oldest degree based topological index is Randic index [13] denoted by x(G) and
was introduced by Milan Randic in 1975. It provides a quantitative assessment of branching of

molecules.

Definition 1.2. For the graph G Randic index is defined as, x(G) = Z
weE(G)

dudy,

Sum connectivity index belongs to a family of Randic like indices and it was introduced by
Zhou and Trinajstic [19]. Further studies on Sum connectivity index can be found in [20, 21].

Definition 1.3. For a simple connected graph G, its sum connectivity index S(G) is defined as,

1
@ = 2 T

weE(G)
The Geometric-arithmetic index, GA(G) index of a graph G was introduced by D. Vukicevic
et.al[14]. Further studies on GA index can be found in [1, 4, 18]

Definition 1.4. Let G be a graph and e = uv be an edge of G then Geometric-arithmetic index

is defined as, GA(G) = Z 2@

e=uweE(G)
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2 Main results

Theorem 2.1. Atom bond connectivity index of grid with (m — 1) rows and (n — 1) columns is
given by ABC(G(m,n)) =
(8v/6+61/10—45)m+(8v/6-+61/10—45)n-+18mn+(108—241/10+48+/3—48/6) if m>2andn>?2
6v6

18—16v2+6v2m o
Ve ifm=2andn >2

2v/2 ifm=n=2

Proof. The topological structure of a grid network, denoted by G(m,n), is defined as the carte-
sian product P, x P, of undirected paths P,, and P,. The spectrum of the graph does not
depend on the numbering of the vertices. However, here we adopt a particular numbering such
that the edges has a pattern which is common for any dimension. We follow the sequential
numbering from left to right as shown in the diagram.

1 2 3 4 5 6 7 8 Vp3 Vo2 Vo1 Vo

V2

V3

V4

Vs

Figure 1

Consider a two-dimensional structure of Grid with (m — 1) rows and (n — 1) columns as
shown in the Figure-1. Let |e; ;| denotes the number of edges connecting the vertices of degrees
d; and d;.

Case 1 : If m > 2 and n > 2, Grid contains only es 3, €33, €34 and ey 4 edges. In the above
figure e 3, €33, €34 and ey 4 edges are colored in red, blue, green and black respectively. The
number of e 3, €33, €34 and ey 4 edges in each row is mentioned in the following table.
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| Row | |eas] | les 3] | lesal | |ea,a |
1 4 n—3 n n—3
2 0 2 2 2n —5
3 0 2 2 2n —5
4 0 2 2 2n—5
m — 2 0 2 2 2n —5
m—1 4 n—3 n—2 0

| Total | 8 |2m+2n—12|2m+2n—8 | 2mn —b5m —bn+12

e3 4| = (2m +2n —8) and |eg 4| = (2mn — 5m — 5n + 12).
dy +dy —2

dyd
weE(G(m,n we

(m,n))
2+3—2 3+3-2 3442 44+4-2
= leasly =y g Flessly g Hlesaly g leaaly =
2432 3+3-2 [3+4—2
= T 49 - | S A P B
8 5.3 +2(m+n—6) 3.3 +2(m+n—4) 3.4 +
4+4-2
@mn—5m—5n+l%ﬂ—€rz—

_ (8V6+6v/10—45)m+(8v6+61/10—45)n-+18mn+(108—24+/10+48+/3—48/6)
= NG .
Case2:Ifm=2andn > 2

In this case Grid contains e 2, €23 and e3 3 edges. The edges ez 2, €23 and e3 3 are colored
in red, blue and black respectively as shown in the Figure 2. The number of ez 2, €23 and e33

ezl =8, lezs| = (2m +2n —12),

Consider, ABC(G(m,n)) =

edges in each row is mentioned in the following table.

Vi V2 V3 V4 Vs Ve Vn-2 Vn1 Vn
V2
Figure 2
le22] | le2s| | less|

2 4 (3n —38)

dy +dy —2
ABC(G(2,n)) = Y e
weE(G(2,n)) w

BN CES Lo BN L e B 313-2
el P T R el S T ) R BT
2422 2432 313-2
U e B S D _ Jro—a
V 22 TR o tOr-8 3
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_ 18—16V2+6v2n

3v2
Similarly, ABC(G(m, 2)) = 22— 16V2 +6v2m
3v2

Case 3 : In this case the number of es > edges is as shown in Figure 3.

V1 V2
V2 V1
Figure 3

dy +dy — 2 2+2-2 24+2-2
ABC(G(2,2) = > ,/Wzlezgly/ﬁzél T:zﬁ. O

weE(G(2,2))

Theorem 2.2. Randic index of grid with (m—1) rows and (n—1) columns is given by x(G(m,n))

(12v/2—7v6)m+(12v/2—7v6)n+6/6mn+(96—12/6—48+/2)

. e 1278 ifm>2andn > 2
3v6n+(12-5v6) .

R - S ifm=2andn > 2
2 ifm=n=2

Proof. Case 1 : If m >2and n > 2

1
Consider, x(G(m,n)) = Z —
weEB(x(G(m,n))) dudy

= le2sl 55 + lessl 55 + lesal g + leaal o5
= 8= +2(m +n — 6) 5= + 2(m +n — 4) = + (2mn — 5m + 5n +12) o

V33 V34 Va4
_ (12v2-7V6)m+(12v/2-Tv6)n+616mn-+(96—121/6—48/2)
o 12/6

Case 2: If m=2andn > 2

1
Consider, x(G(2,n)) = Z
weE(x(G(2n))) dudy

= lez2l 55 + le2al 55 + lessl 55

— 1 1 1
_ 3v6n4(12—5v6)
= —3\/6

Similarly, x(G(m,2)) = %\%—5\/@

Case 3: If m=2andn=2

Consider, x(G(2,2)) = Z dld = ‘62’2‘\/% = 4% =2 O
weFE(x(G(2,2))) v

Theorem 2.3. Sum Connectivity index of Grid with (m — 1) rows and (n — 1) columns in each

row is given by S(G(m,n))
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(4v/354+4/30—5v/105)m+(4v/35+4v/30—5/105)n+2v/105mn+(16+/42—24/35—16+/30+12,/105) if m>2andn>2

2v/210
= 3ﬁ"+(%4\/€_8\/5) ifm=2andn > 2
2 ifm=n=2
Proof. Case 1: If m>2andn > 2
1
Sum Connectivity Index is given by S(G(m,n)) = T
quEZ
1 1 1 :
2+3 3+3 /344 T+
\/7—1—2(m—|—n 6) g +2(m +n — 4) 4 + (2mn — 5m + 5n + 12)

_ (4V35+4v30—5v/105)m+(4v/35+4+/30—5v/105)n+2v/105mn+(161/42—24+/35—16+/304+12+/105)
- 21/210

Case 2: If m=2and n > 2

1
Consider, S(G(2,n)) =
( ( )) quEZ \/7
= |eg, 2!\/% + \62 3|ﬁ + \egi\m
— 3\fn+(f+4f 8v5)
N V30
Similarly, S(G(m,2)) = 3\/5m+(\/§%4\/578\/5).

Case3:Ifm=2andn=2

Consider, S(G(2,2)) = =41 =2 O

2 ﬁ = le22l 75 = 453

weE(x(G(2,2)))

Theorem 2.4. Geometric-arithmetic(GA) index of Grid with (m—1) rows and (n—1) columns

in each row is given by GA(G(m,n))
(404/3—105)m+(40v/3—105)n+70mn+(102+/6—160+/3—840)

ifm>2andn>2

2v/210
= %\/6_30) ifm=2andn > 2
4 ifm=n=2
Proof. Case 1 : If m > 2 and n > 2
2 U
Geometric-Arithmetic Index is given by GA(G(m,n)) = Z dd dd
e=wve€E(G(m,n)) ur

2v2-3 2v/3-3 2v/3 -4 2v/4 -4
= leas|—— tless| 45— +lesal o — +leaal——Fr

2+3 3+3 3+4 4+4

2 4
8\5[—%2( +n—6)2+2(m+n—4)\7/§+(2mn—5m—5n+12)2

_ (40v/3—105)m+(40v/3—105)n-+70mn+(102v/6—160+/3—840)
- 24/210

Case 2 : If m=2andn > 2
Consider, GA(G(2,n)) = Y _ 2V dudy,

dud,

weFE(G(2,n))
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= Jeao| 532 Yo+ e 23|22+3 les 3| 5%

2 2
= 23522 + 45+ (3n —8>3ﬁ?
_ 15n+(8v6-30)

—_——.

. 15m+(8v/6—30
Similarly, GA(G(m,2)) = %
Case3: Ifm=2andn=2

2
Consider, GA(G(2,2)) = Z ddclltdv -
weE(x(G(2,2))) “

<

Theorem 2.5. Atom bond connectivity index of Extended Grid with (m — 1) rows and (n — 1)

columns in each row is given by ABC(EX(m,n)) =
(32+12v/55—55v7)m+(324+12v/55—55v/7)n+20v/Tmn+(64v/5+40+/3—128—150/7)

20v/2
3oﬁn+(20+1254\/ﬁ—84ﬂ) if m=2andn > 2
4 if mandn =2

if m>2andn > 2

Proof. By making each 4-cycle in a m xn mesh into a complete graph we obtain an architecture
called an extended mesh denoted by EX (m,n). The number of vertices in EX (m,n) is mn and
the number of edges is 4mn 4+ 3m + 3n + 2. We follow the sequential numbering from left to
right.

Consider a extended grid with (m—1) rows and (n—1) columns. Let e; ; denotes the number
of edges connecting the vertices of degrees d; and d;. Two-dimensional structure of extended
grid as shown in the Figure 4 and it contains e3s5, €33, €55, €58 and egg edges. In the above
figure e3 5, e3g, €55, €58 and egg edges are colored in red, purple, green, yellow and black re-
spectively. The number of edges of these types in each row is mentioned in the following table - 3.

1 2 V3 4 5 6 7 Vs Vn-3 Vo2 Vo1 Vp

(R
V3 -2
Va 3
Vs ¢4
Vm-3

Vm2
V-1 €02
Vm &0

Figure 4
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| Row | less| [ lessl | less| | les sl | les s
1 4 2 n-1 3n—6 n—3
2 0 0 2 6 4dn — 11
3 0 0 2 6 4n — 11
4 0 0 2 6 4n — 11
m — 2 0 0 2 6 4n — 11
m—1 4 2 n—1 3n —8 0

| Total | 8 | 4 [2m+2n—8]6m+6n—32]4mn—1lm—11n+30 |

“less| =8, less| =2, |less| = (2m+2n—8), |esg| = (6m+6n —32) and |egg| = (4dmn —11m —

11n + 30).

Case 1 : The atom-bond connectivity index of extended grid for m > 3, n > 3 is

Consider, ABC(EX (m,n)) = Z w
quE(EX m,n))

less| 3+5—2+| | 3+8 +| | 5+5 ‘H | 5+8— Fless| 8+8—-2
= |e —_—m [ [ —_—
351\ 7375 38\ T3Tg Tlessl\ s Tlessl\ T g Tlessl\ Tgg
3+5—-2 3+8—2 5+5 5+8—-2
S Y R Py e . T( 4y 2= I
8 35 + 3.3 +2(m+n 2(3m + 3n — 16) 58
8+8—-2
+(4mn — 11m — 11n 4 30) \/7—; S

_ (32412v/55-55vT)m~+(32+12v/55—55v/T)n+20v/Tmn+(64v/5+40v/3—128—80+/55+150/7)
- 20v/2
Case2:Ifm=2andn > 2

In this case extended grid contains e3 3, e35 and e5 5 edges. The edges e33, e35 and e5 5 are

colored in red, blue and black respectively as shown in the Figure 5. The number of e33, €35

and e5 5 edges in each row is mentioned in the following table.

les] | less| | less|
2 8 | (bn—14)
1 V2 3 V4 5 6 Vn-2 Vn-1 Vn
V2
Figure 5

ABC(EX(2,n)) = It do =2 ZCZ

quE(EX(Q n))
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VNN CE et BN LR b BN CEt it
TSl Ty TSI Ty TSI T

30v/2n+(20+24+/10—84+/2)
5

Similarly, ABC(EX(m,2)) = 30\/§m+(20—|1§4m—84\/§)

Case 3: If m=2and n=2
1 V2

V4 V3

Figure 6

-2 -2
Consider, ABC(EX(2,2)) — |e3,3|,/% _ 6,/% _ 4

1361

O

Theorem 2.6. The Randic index of extended grid with (m — 1) rows and (n — 1) columns in

each row is given by x(EX(m,n))
(124/30—39+/3)m~+(12+/30—39/3)n+20+/3mn+(64+/5+40v/2—641/304+86+/3)

05 if m>2andn > 2
= %ﬁﬁf?ﬁ) if m=2andn > 2
9 if m=2andn =2

Proof. Case 1: If m >2and n > 2

Randic index of extended grid is x(EX (m,n)) = Z
quE(X(EX(m n)

e 4 e
sl 7= le5.8] = les.s| 58'8

ﬁ

1 1
= |€351|\/7 + |638|ﬁ

1 1 1
+2m+n 47 6m + 6n — 32)—— + (dmn — 11m — 11n 4+ 30)——
_ (12\ﬁ 39\/)m+(12f 39f)n+20fmn+(64f+40f 641/30+-861/3)
o 40V3
Case2:Ifm=2andn > 2 )
Consider, xy(EX (2, =
onsider, x(EX(2,n)) Z i
weE(x(EX(2,n)))
—|€ |L+|6 |L+‘e L
YV VB VS
=2 +38 + (5n — 14)—
v3-3 v3-5 ( )\/5-5
_ 15n+(8v15-32)
= 15
.. 15m+(8v/15—32
Similarly, x(EX (m,2)) = %
Case 3:Ifm=2andn=2
Consider, x(FX(2,2)) = = les 3| = =2 O
> =iy =

weE(x(EX(2,2))
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Theorem 2.7. Sum Connectivity index of Extended Grid with (m—1) rows and (n—1) columns

in each row is given by S(EX(m,n)) =
(8v143+244/110—11v/1430)m+(8v1434+241/110—11v/1430)n+4v1430mn+(8v2860+16+/130—128+/110+30+/1430)

4+/1430
5\/571#’(2\/5\‘}'%@*14\/5) if morn=2

V6 if mandn =2

Proof. Case 1 : If m > 2 and n > 2

if m>2andn > 2

Sum Connectivity Index of extended grid is given by S(EX(m,n)) = Z —

quEG)
= Jess| s + [e3 8]~ + les.5|—m— -+ e5.5| —m—s + [e53]
3’51¢m f’sm 5’5@ S5+ 8 Ssyﬁ
=8 +4 +2 +n—4 + (6m + 6n — 32
s i A T UmAn—d) e+ (b4 6 - 32) Zp

1
+(4dmn — 11m — 11n + 30
( ) V8 +8

_ (8y/143+241/110—11/1430)m+(8v/143+241/110—111/1430)n+4v/1430mn+(8v/2860+161/130—128+/110+301/1430)
o 4+/1430

Case2:Ifm=2andn>2 1
Consider, S(EX(2,n)) = Z —

quE(EX(G (2,n)
1
= lessl——= + e -
ol s T s sl W

=2 +38 + (bn — 14

v3+3 v3+5 ( )\/5—&—5
_ 5vV3n4+(2V5+4V15-14V/3)
o V30

Similarly, S(EX (m,2)) = 5\/§m+(2\/5\;%\/ﬁ_14‘/§)
Case3:If m=2andn=2
Consider, S(FX(2,2)) = > = |es 3| == = 6= = /6. O
’ ' Vi, + d, \/ﬁ V6
weE(EX(2,2))
Theorem 2.8. Geometric-arithmetic (GA) index of extended grid with (m—1) rows and (n—1)
columns in each row is given by GA(EX(m,n)) =
(264\/571287)m+(264\/ﬁf1287)n+2(1)(i§mn+(286\/ﬁ+208\/671408m+3146) if m>2andn > 2
5n + (2v/15 — 12) if morn=2
6 if mandn =2

Proof. If m > 2 and n > 2

2v/d,d,
Geometric-Arithmetic Index of extended grid is given by GA(EX (m,n)) = Z 1 .
e=uwveE(EX (m,n))

235 2v/3-8 2v/5-5 2v/5-8 2v/8-8
e e

= less| 3+5 + |es 8] 318 + |es 5| 555 + les s 518 les,s] 818
G 2V3- W55 2V5- 8
= EEEAC L SP - 2@m 4 30— 16)2Y0 8
855 318 5+5 5+8

2v/8-8

4 —11Im —11 30
+(4mn m n+ )8—|—8
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_ (264v/10—1287)m+(264+/10—1287)n+2002mn+(2861/15+208+/6—1408+/10+3146)
- 143

Case2:Ifm=2andn>2

24/
Consider, GA(EX (2,n)) = Z 7 :i_ujv
weB(EX(2n) © Y

2v3-3 235 . 255

= |es 3 313 + les 5| 315 + |es 5 545
24/3 -3 24/3-5 24/5-5

V33 VB 125D
3+ 3 3+5 54+ 5

= 5n + (215 — 12)
Similarly, GA(G(m,2)) = 5m + (2115 — 12)

Case 3: If m=2andn=2

Consider, GA(EX (2,2)) = >
weE(EX(2,n))

20/dyd,
dy +d,

2v/3-3
les.s| 25 = 6 O

Theorem 2.9. Atom bond connectivity index of cylinder with (m—1) rows and (n—1) columns

in each row is given by ABC(C(m,n)) =
{ (15\/€+40\/§—40\/ﬁ)m+(48\/§—6\/E—35\/E)n-§é5\/ﬁmn+(20\/ﬁ+1ssx/ﬁ—45\/€—so\/5—144\/5) if m>2andn>?2

30v2n+(20+24v/10—84/2) . _
iE if m=2andn > 2

4 if m=2andn =2

Proof. The topological structure of a cylinder network, denoted C'(m,n) and is defined as the
cartesian product P, x C, of undirected path P,, and an undirected cycle C,,. The numbering
of vertices adopted for cylinder is same as that of grid.

Consider a cylinder with (m — 1) rows and (n — 1) columns. Let e; ; denotes the number of
edges connecting the vertices of degrees d; and d;. Two-dimensional structure of cylinder is as
shown in the Figure 6 and it contains e34, €35, €44, €46, €55, €56 and eg ¢ edges. In the above
figure e3.4, €35, €44, a6, €55, €56 and eg 6 edges are colored in green, blue, red, orange, brown,
yellow and black respectively. The number of e34, €35, €44, €46, €55, €5,6 and eg 6 edges in each

row is mentioned in the following table - 3.
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V1 V2 V3 V4 V5 Vn-2 Vn-1 Vn
1 ‘ ’ o oo ‘
Vae -
2
\VZX S . . » .
3
V4 R [ 1 1 ) . <
Vm-2¢__ " . . ] . ' S
m-2 e o o
Vim-1¢_ l I [ ] l [ —
m-1
Vm
Figure 7
| Row | lesal | lessl | leaal | leasl | ess | lessl | les 6] |
1 2 4 0 4 2n —6 n—2 2n —6
2 0 0 2 4 0 0 3n—8
3 0 0 2 4 0 0 3n —8
4 0 0 2 4 0 0 3n—8
m — 2 0 0 2 4 0 0 3n —8
m—1 2 4 0 0 2n—6 | n—2 0
| Total [ 4 | 8 [2m—6|4m -8 |4n—12|2n—4 | 3mn—8m —Tn+18 |

’6374’ = 4, ‘6375‘ = 8, ‘6474| = (2m—6), ’6476’ = (4m—8), ‘6575‘ = (4n—12), |€576| = (2n—4)
and |eg 6| = (3mn —8m — Tn + 18).

Case 1 : The atom-bond connectivity index of cylinder for m > 2, n > 2 is

U v 2
Consider, ABC(C(m,n)) = Z %
uwweE(C(m,n) urv

)
34+4-2 3+5-2 444-2 4+6-—2 5+5—-2
ABC(C =
(C(m,n)) = lesal\/ —5—— Flessl\| —5=— Fleaal\| — 7 +leasl\ | — —— tlessly/ ——— +

5+6-2 6+6—2
les,6l 56 + les, 6] 6.6
B = =
5+6—2 6+6—2
2(n — 2) —ET(an—&n—?n—i—lS) 27

_ (15v/6+40v/3—40v/10)m+(48+v/2—61/30—35v/10)n+15v/10mn+(201/154+138v/10—45v/6—80v/3—144+/2)
- 30
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Case2:Ifm=2andn > 2

In this case cylinder contains e3 3, e3 5 and e5 5 edges. The edges e3 3, €3 5 and e5 5 are colored
in red, blue and black respectively as shown in the Figure 8. The number of e3 3, €35 and es 5
edges in each row is mentioned in the following table 3.1.

less] | less] les 5
2 8 | (5n—14)

—_—
e e
Figure 8
ABC(C2n) = Y dtzdd2

weE(C(2,n))

| |/3+3—2+’ WEES TRV CEa .
= |e —_—m [ —_—m e —_—mm
Y 3.3 YV 35 'V 5.5
3+3-2 3+5—2 5+5—2
—o /22 = cre 2 14)
Vg T8 Tt n - )

_ 30v2n+(204-241/10—84+/2)
15

Similarly, ABC(C(m,?2)) = 30\/§m+(20+1254\/ﬁ—84x/§)

Case 3: If m=2andn=2

Figure 9

Consider, ABC(C(2,2)) = |e33

3+3-2 3+3-2
= = 4.
\/ 3-3 6\/ 3-3 -

Theorem 2.10. Randic index of cylinder with (m — 1) rows and (n — 1) columns in each row

is given by x(C(m,n)) =
(10v/6—25)m~+(2v/30—11)n+15mn+(20v/34+161/15—20v/6—40/3—27)
30

15n+(8v/15—32)

if m>2andn > 2

15 if m=2andn >2
2 if m=2andn =2
Proof. Case 1 : If m > 2 and n > 2
1
Randic index of cylinder is x(C(m,n)) = =

quE(X(C(Tyn)))

1 1 1 1 1
= lez 4| —=—= + |e3 5] —=—= +|e + |es 5| ——= + |es 6| —= + |es 6| —
’3’4’1m ‘13’5'\/@ leasl Jrog ool g sl Upg esel 5 ‘?G‘m

1 1
:4m+8m+2(m—3)ﬁ+4(m—2) +4(n—3)\/ﬁ+2(n—2)

V4.6

V56
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+(3mn —8m — Tn + 18)\/%
_ (10v6—25)m+(2v/30—11)n+15mn+(20v/3+16+/15—20v/6—40/3—27)
- 30

Case 2 : If m=2andn > 2

1
Consider, x(C(2,n)) = Z
quE‘( (C(2n))) \/7
1
= |e33|—=—=+|e3 5| —=—=+ |es 5| —
REE F F
V33 m Honm WS
_ 15n+(8V15-32)
= 15
. 15m+(8v15—32
Similarly, x(C(m,2)) = %
Case3:Ifm=2andn=2 1
Consider, x(C(2,2)) = > Jaud, = lesal g5 = 5 =2 .

weE(x(C(2,2)))

Theorem 2.11. Sum Connectiity index of Cylinder with (m — 1) rows and (n —1) columns in

each row is given by S(C(m,n))
(v/23104+4vV462—8+/385)m+(4v4624+4v/105—7+/385)n+31/385mn—+(8v165+18+/385+/2310—20/462—8+/105)

2v/1155 if m>2andn > 2
= 5v3n+(2v5+4v15-14V3)
V30

if m=2andn > 2
V6 if m=2andn =2

Proof. Case 1: If m >2and n > 2

Sum Connectivity Index of Cylinder is given by S(C(m = —T
uvg
lea.4| e + les,5| - + leas| ——— + e 5| ——— + les.s| +rrl+rrl
=les4|—F—— t+ |e35|—F—= t |€s4|—F/—— t |€46|—F———= + |€55|—F——= + |€56| —F— + |€66| F——
Y R B e Y Y m "EEE VG
1 1 1 1 1 1
=4 + 8 +2(m—3 +4(m — 2 +4(n—3 +2(n—2
V3+4 V3+5 ( )\/4+4 ( )\/4+6 ( )\/5+5 ( )5+6

+(3mn — 8m — Tn + 18) \/61%
_ (V231044462 8/385)m+(4v/462+4/105—7+/385)n+ 3v/385mn-+ (8+/165+18+/385+1/2310—20/462 —81/105)

2v/1155

Case 2: If m=2and n > 2

Consider, S(C(2,n)) = Z !
7 7 uveE +

g8l + le5.5] s +| ——
= |e —_—

3731m ©8:5 ¢3T5 5,5 {ﬂ
=2 +38 + (5n —

At e W e
_ 5v3n4+(2v5+4V15-144/3)
- V30

Similarly, S(C(m,2)) = 5\/§m+(2\/5j£\/ﬁ—14\/§)
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Case3:lf m=2andn=2
Consider, S(C(2,2)) = Z \/7 = |es, 3|\/?? % = /6. O

uweE(C(2
Theorem 2.12. Geometric-arithmetic index of cylinder with (m — 1) rows and (n—1) columns

in each row is given by GA(C(m,n)) =
(6161/6—2310)m+(140v/30—1155)n+1155mn+(880+/3+770/15—1232v/6—280+/30)

33E if m>2andn > 2
5n + (2v/15 — 12) if m=2andn > 2
6 if m=2andn =2
Proof. Case 1 : If m > 2 and n > 2
2v/dyd,
Geometric-Arithmetic Index of cylinder is given by GA(C(m,n)) = Z 44
e= quE(C(m n)) ur
—le ’2\/3-4_’_’e ’2\/3-5_’_’6 ’2\/4-4_’_’6 ’2\/4-6+’6 | 2v/5 ‘He ’2\/5-6+’6 ’2\/6-6
-1 3+4 O3y Ty T e IS s TS g T 16
2\/ 2v/3 2v/4 -4 2v/4 -6 255 24/5-6
+8 +2( -3) +4(m —2) +4(n — 3) +2(n —2)
3+4 3+5 4+4 446 545 5+6
+(3mn — 8m — Tn + 18) 2/56
_ (616v/6—2310)m+(140+/30—1155)n+1155mn+(880v/3+7701/15—12321/6—280+/30)
= 385
Case 2 : If m=2and n > 2
2v/dyd
Consi A(C(2 = 2.
onsider, GA(C(2,n)) Z 7,1 d,
weE(C(2,n))
= e |2\/3-3 Fle |2\/3-5+|6 |2\/5-5
B 3+3 R R
2\/ 2v3 2455
Sy > | (5n— 14)
3 +3 3+5 5+5
= 5n + (215 — 12)
Similarly, GA(C(m,2)) = bm + (2v/15 — 12)
Case 3: If m=2andn=2
: 2v/dydy
Consider, GA(C(2,2)) = Z 4,1 d, = |es 3+3 = O

weE(C(2,n))

Theorem 2.13. Atom bond connectivity indez of torus with (m — 1) rows and (n — 1) columns
3
in each row is given by ABC(T(m,n)) = mn\/g
Proof. The topological structure of a torus network is denoted T'(m,n) and is defined as the
cartesian product C,, x C, where C,, and C}, are undirected cycles. The numbering adopted
for torus is same as that of grid.
Consider a Torus with (m — 1) rows and (n — 1) columns in each row. Let e; ; denotes the
number of edges connecting the vertices of degrees d; and dj. Two-dimensional structure of

Torus is as shown in the Figure 10 contains only e44 edges. The number of e4 4 edges in each
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row is mentioned in the following table - 4.

Vi V2 V3 V4 Vn3 Vn2 Vo1 Vn
V2
1
V3
2
Va
3
e
Vm-3
m-3
Vm-2 <
m-2
Vm-1 -
m-1
Vm
Figure 10
‘ Row ‘ ‘64’4| ‘
1 3n
2 2n
3 2n
4 2n

m— 2 2n

m—1 3n

‘ Total ‘ 2mn ‘

. leaa] = 2mn edges.

Consider, ABC(T'(m,n)) = Z %
) UL

weE(T(m,n)

[44+4—-2 44+4—-2 3

Theorem 2.14. Randic index of torus with (m — 1) rows and (n — 1) columns in each row is
given by X(T(m.n)) = -

O]
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1
Proof. Randic index of torus is x(T(m,n)) = E =
. ) ) w€eE(x(T(m,n))) v
mn  mn
T(m,n)) = |legs|— = 2mn— = —— = — ]

Theorem 2.15. Sum connectivity index of torus with (m —1) rows and (n—1) columns in each
.y mn
row is given by S(T'(m,n)) = —

V2

Proof. Sum connectivity index of torus is given by S(7'(m,n)) = Z
weE(QG)

1
Vdy, +d,
2mn mn

1 1
= leg 4| —— = 2mn = = —
leaal 7= Vitd R V2

Theorem 2.16. Geometric-arithmetic(GA) index of Torus with (m—1) rows and (n—1) columns

S(T(m,n)) O

in each row is given by x(T'(m,n)) = 2mn

24/ dydy
Proof. Geometric-arithmetic(GA) index of Torus is given by GA(T(m,n)) = Z 1 +d
e=wve€E(T(m,n)) “ v
e YA -
= 64747(4+4) = 2mn——r = 2mn

3 Conclusion

The problem of finding the general formula for ABC' index, Randic connectivity index, Sum
connectivity index and GA index of grid, extended grid, torus and cylinder is solved here ana-
lytically without using computers.

Conflict of interests. The authors declares that there is no conflicts of interests regarding
the publication of this paper.
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