IEEE Access

Multidisciplinary : Rapid Review : Open Access Journal

Received September 20, 2020, accepted October 26, 2020, date of publication October 28, 2020,

date of current version November 13, 2020.

Digital Object Identifier 10.1109/ACCESS.2020.3034439

On Topological Indices for Swapped Networks
Modeled by Optical Transpose

Interconnection System

NIDA ZAHRA!, MUHAMMAD IBRAHIM !, AND MUHAMMAD KAMRAN SIDDIQUI 2

! Centre for Advanced Studies in Pure and Applied Mathematics, Bahauddin Zakariya University, Multan 60000, Pakistan
2Department of Mathematics, COMSAT University Islamabad at Lahore Campus, Lahore 54000, Pakistan

Corresponding author: Muhammad Ibrahim (mibtufail @ gmail.com)

ABSTRACT The optical transpose interconnection system (OTIS) network has many application in archi-
tecture for parallel as well as in distributed network. The optical translate interconnection system utilizes a
straightforward pair of lenslet clusters to execute a coordinated interconnection that is valuable for mix based
multistage interconnection networks, work of-trees network processors, and hypercubes. In Cancan (2019)
and Hayat et al. (2014), different interconnection network has studied related to topological indices. In this
article we have computed the Ve-degree and Ev-degree base topological indices of swapped network by
taking path and complete graph as original graphs. We have included some dedicated formulas for different
types of topological indices for the OTIS swapped network by taking the path and complete graph on n

vertices as basis of graph.

INDEX TERMS Optical transpose interconnection system (OTIS), swapped network, ev-degree, ve-degree,

path, complete graph, topological indices.

I. INTRODUCTION
The role of graph theory is rapidly increasing day by
day especially in chemistry. There is a branch related to
chemistry, mathematics and computer science and their
components includes quantitative structure-property relation-
ship (OSPR) and quantitative structure-activity relationship
(OSAR) and the component can contribute to the research on
physicochemical properties of chemical compound. Assign-
ing numbers to a molecular graph has very nice properties in
chemistry. A drawing, a sequence of numbers, a polynomial,
a numeric number, or a matrix are all ways to recognized a
graph [1]-[4], [9].

A topological index is a numeric quantity associated with
a graph that characterizes the topology of the graph and is
invariant under the graph automorphism. To study of quan-
titative structure-property relationship (OSPR) and quantita-
tive structure-activity relationship (OSAR), many topological
indices are widely used and are of great importance in modern
chemistry and biochemistry [7], [8]. To obtain a significance
correlation, it is essential that appropriate descriptors are
employed, whether they are theoretical, empirical or derived
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from readily available experimental characteristics of struc-
ture. Numerous application of graph theory can be found in
networking. Its first and popular application in chemistry was
the boiling point of the paraffin by Wiener [29].

The primary goal of the OTIS is to develop competency
Contact the new optoelectronic computer engineering. This
is the property of this network gives benefit to both optical
and electronic technologies [15]. In OTIS networks, pro-
cessors they are organized by groups. Electronic connec-
tions are used between processors within the same group,
while optical links used to communicate between groups.
There are many algorithms for routing, selection/sorting [12],
[14], [21], [26], for numerical computation [20], Fourier
transformation [13], matrix multiplication [11], and image
processing [10].

A network can be represented by an interconnected struc-
ture mathematically by graphing. As the graph has vertices
that can be represented by processor nodes and edges repre-
sent links between these nodes / processors [15]. Determine
the topology of the graph the way the heads are attached to the
edges. We can have it some network properties using graph
topology. The maximum distance between any two network
heads is grid diameter. The number of links connected to the
node determine the degree of that node [27], [28], [30].
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Il. PRELIMINARIES

In this section, we provide some basic concepts. Let G =
(V, E) be a graph with vertex set V and edge set E. A graph
G = (V, E) with two nonempty sets V and E. The elements
of V are called vertices and the elements of E are called edges.
The degree of a vertex v denoted by deg(v), is the number of
different edges that are incident to a vertex v. The set of all
vertices which are adjacent to a vertex v is called the open
neighborhood of v and is denoted by N (v). If we include the
vertex v to the set N (v), then we get the closed neighborhood
of v, denoted by N[v].

In [5] defined the ev-degree of the edge ¢ = uv € E,
denoted by Tev(e), the number of vertices of the union of
the closed neighborhoods of u# and v. The ve-degree in [5]
of the vertex v € V, denoted by ?Ve(v), is the number
of different edges that are incident to any vertex from the
closed neighborhood of v. Let G be a connected graph and
e = uv € E(G). For definitions related to ev-degree and ve-
degree topological indices, we refere [4], [S], [7], [17].

Definition 1: Let G be a connected graph and v € V(G).
The ev-degree Zagreb index is defined as:

M@ Gy = > Yole). (1)
e€E(G)
Definition 2: The first ve-degree Zagreb alpha index is
define as:
MPUG) = Y T @)
vevV(G)
Definition 3: The first ve-degree Zagreb beta index is
define as:
MG = 3 Felw) + Toew). 3)
uveE(G)
Definition 4: The second ve-degree Zagreb index is define
as:
MGy = Y (o) x Tre(v)). )
uveE(G)
Definition 5: The ve-degree Randic index is define as:
~ = 1
R™(G) = Z (Tye() X Yye(v)™ 2. )
uveE(G)
Definition 6: The ev-degree Randic index is define as:
~ 1
RYG) = Y Tule) 2. ©)
e€E(G)

Definition 7: The ve-degree atom-bond connectivity index
is define as:

Toe() + Tye(v) — 2

ABCG) = ) [

uveE(G)

)

Definition 8:The ve-degree geometric-arithmetic (ve-GA)
index is define as:

GA“G) = )

uveE(G)

24/ Tye(u) X Yye(v)
?ve(u) + ?ve(V) .

®)
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Definition 9: The ve-degree harmonic (ve-H) index is
defined as:

Hve(G) — Z

uveE(G)

2

-~ . 9
Tye() + Yye(v) ®

Definition 10: The ve degree sum-connectivity (ve-yx)
index is defined as:

G = > Foelw) + Toelw)) 2.

uveE(G)

(10)

More results about these indices can be found in [22]-[25].

IIl. AN OPTICAL TRANSPOSE INTERCONNECTION
SYSTEM (OTIS) SWAPPED NETWORK

The OTIS swapped network Og is obtained from the graph G
with vertex set and edge set as follows:

V(Og) = {(a, b)la, b € V(G)}

E(Og) = {(a,b1),(a,by)la € V(G), (b1, b2) € E(G)} U
{(a, b), (b,a)la, b € E(G), a # b}.

For the mutual OTIS network Og, the graph G is called
the basis (factor) of the graph or grid. If the primary net-
work G has n So, Og consists of a separate subset from the
n node groups are called, and they are similar to G. The
node name (a, b) in Og select the b node handle in the a
group [ [16]-[19]].

Now we calculate some scores ve and ev -degree Topolog-
ical indicators of swapped networks.

For a given path P, on n vertices and Op, as its
OTIS swapped network with basis network P, is shown
in Figure 1.

FIGURE 1. OTIS swapped network Ops.

IV. RESULTS FOR OTIS SWAPPED NETWORK Op,
In the following table, V| represents the number of vertices
of degree 1, V; represents the number of vertices of degree
2 and V3 represents the number of vertices of degree 3 see
table 1.

Thus finally we calculate the number of vertices of degree
1 are 2, the number of vertices of degree 2 are 3n — 4 and
the number of vertices of degree 3 are n*> — 3n 4 2. Similarly,
we will partition the edges using same methodolgy. Table 2
shows the edge partition of Op, withn > 5.
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TABLE 1. Vertex partition of Op,.

n | 2|34 5 [§ 7 8
Vi|2]2]2 2 2 2 2
Vo | 2|5 |8 |11 |14 | 17 | 20
V3 | 0] 2|6 |12 ] 20 | 30 | 42

TABLE 2. Edge partition of Op,,n > 5.

(deg(u),deg(v)) | Number of edges
1,3) 2
(2,2) 3
(2,3) 6n — 14
(3,3) 2(n? —5n+6)

TABLE 3. Vertex and edges of Op,,,n = 5.

Total Vertices | Total Edges
2 3n(n—1)
2

n

TABLE 4. Number of vertices with corresponding degrees.

deg(u) | Number of vertices
1 2
2 3n—4
3 n? — 3n 4 2

TABLE 5. Edge partition of Op,,.

Number of edges | Degree of its end vertices | ev-degrees
2 (1,3) 4
3 (2,2) 4
6n — 14 (2,3) 5
3(n®> —5n+6) (3,3) 6
TABLE 6. Vertex partition of Op,,.
Number of vertices | Degrees | ve-degrees
2 1 3
6 2 5
3n — 10 2 6
2 3 6
4 3 7
6n — 24 3 8
n? —9n + 20 3 9

The order and size of Op, network are presented in Table 3.

The types of vertices and their partition for Op, network
are presented in Table 4.

In Table 4, We partition the edges, based on ev-degree of
the Op,, for n > 5. In Table 6 and 7, we partition the vertices,
based on ve-degree of Op,, for n > 5.

The ve-degree based partition are presented in Table 6.

The ve-degree based partition based on degree of end
vertices are presented in Table 7.

Now we calculated ev-degree and ve-degree based indices
such as the ev-degree Zagreb index, first ve-degree Zagreb
alpha index, first ve-degree Zagreb beta index, the sec-
ond ve-degree Zagreb index, ve-degree Randic index,
ev-degree Randic index, ve-degree atom-bond connectivity
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TABLE 7. The ve-degree of the end vertices of edges of Op,,.

No. of edges Degree of end vertices | ve-deg of end vertices
2 1,2) (3.6)
3 (2,2) (5,5)
2 (2,2) (5,6)
2 (2,3) (5,7)
2 (2,3) (5,8)
6 (2,3) (6,7)
6n — 26 (2,3)
6n — 24 {2 {(3’ 3) (6,8)
4 (3,3) (7,8)
3n —12 (3,3) (8,8)
6n — 30 (3,3) (8,9)
2(n? — 11n + 30) (3,3) (9,9)

(ve-ABC) index, ve-degree geometric-arithmetic (ve-G.A)
index, ve-degree harmonic (ve-#H) index and ve degree
sum-connectivity (ve-x ) for Op, formulas.

A. EV-DEGREE ZAGREB INDEX
By using ev-degree from edges partition of Op, given in table
(5), we compute the ev-degree based Zagreb index:

Y Tale)?

e€E(Opn)
2x 4% +3 x 42+ (6n—14) x 52

Mev(OPn) =

3
+§(nz—5n+6)><62

= 32 + 48 + 150n — 350 + 54n®> — 270n + 324
= 54n* — 120n + 54.

B. THE FIRST VE-DEGREE ZAGREB ALPHA INDEX
By using ve-degree from vertices partition of Op,, given in
table (6), we compute the first ve-degree Zagreb alpha index:

Z ’?ve(v)z

veV(Opn)
=2x324+6x5+0GBn—8)x6>+4x7?
+(6n —24) x 82
+(n® —9n +20) x 9%
= 18 + 150 + 1087 — 288 + 196 + 384n
— 1536 + 81n% — 7291 + 1620
= 81n> — 237n + 160.

M{(Opy) =

C. THE FIRST VE-DEGREE ZAGREB BETA INDEX

By using ve-degree of end vertices of edges partition of Opy,
given in table (7), we compute the first ve-degree Zagreb beta
index:

M/i%e(OPn)
= Y Tl + Yoe)

uveE(Opy)
2X943x104+2x114+2x124+2x134+6x 13

+(6n — 24) x 14
+4x 15+ @n—12) x 16 + (6n — 30) x 17
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+%(n2 —11n+30) x 18

= 18 + 30 + 22 + 24 + 26 + 78 + 84n — 336 + 60
+48n — 192 + 102n
—510 4 27n% — 297n + 810

= 27n> — 63n + 30.

D. THE SECOND VE-DEGREE ZAGREB INDEX
By using ve-degree of end vertices of edges partition of Opy,

given in table (7), we compute the second ve-degree based
Zagreb index:

M;e(OPn)
= Z (’?ve(u) X F?ve(v))

uveE(Opy)
=2x184+3%x254+2x304+2x35+2x40+6x42

+(6n —24) x 48 +4 x 56 + (3n — 12) x 64
+(6n —30) x 72
3
+§(n2— 11n + 30) x 81
= 36 4+ 75 + 60 + 70 + 80 + 252 + 288n — 1152 + 224
+192n

243 2673
—768 + 432n — 2160 2 n+ 3645
243 849
=0 - Zn+362.
2 2

E. THE VE-DEGREE RANDIC INDEX

By using ve-degree of end vertices of edges partition of Op,,,
given in table (7), we compute the ve-degree Randic index:

R*(Opn)
= Y Few x Toe) 2

uveE(Opy)
— 2% 1872 +3 %252
F2x3072 42 %352 42 %4072
F6x 4270 4 (6n—24) x 4877 44 x 5677
+(3n—12) x 6472

3
4 (6n—30) x 7272 + 5(n2 —11n+30) x 8172

2 3 2 2 1 6 3
=——4+=-+ + + + + n
3Wv2 5 V30 V35 V10 VA2 23
6
V3
2 +3 301 5 12 11 s
“N— =+ —=n——+-n"— —n
J14 8 2 ﬁ ﬁ 6" 6
1 2. < 3 3 111 3 2
= —Nn E— ~|——
6 23 T3 ﬁ 6 V30
N 2 N 1 N 6 6 L2 2 3 5 s
V3 V10 VB2 O3 V1E 2 2

12+<3+135>+2+2+2
= -n —+—=——|n
6 23 2 24 3/2 V30 /35
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L 6 6 N 2 5, 41
VIO Va2 3 V14 /2 10
F. THE EV-DEGREE RANDIC INDEX

By using ev-degree from edges partition of Op,, given in table
(5), we compute the ev-degree based Randic index:

R (Opn)
eEE(OPn)

—2x 47743 %477+ (6n—14) x 572

Tenle) 2

3
+§(n2 —5i46)x 672

3 2+<6 15)+<5 14+9>
= ——n — ———n -———4+—=.
2.6 NN 2 V5 V6
G. THE ATOM-BOND CONNECTIVITY INDEX

By using ve-degree of end vertices of edges partition of Op,,
given in table (7), we compute the Atom-bond connectivity
index:

ABC™(Opn)

Z ?ve(“) + YRve(V) -
Tve(u) X :Fve(v)

uveE(Opy)
9-2 10-2 1-2
Y SVN ST SV T BV b
Vg TPV s T T30
a2, B2 32
X _— X _— X _—
35 40 2

_l’_

~~
N
g

|

[\)
N
p—
X

=
-lk"h
| |

[\)
4;

-2
,/ +(3n—12)x,/
6 30 17— 11 30
+(6n —30) X \/ —— 7 —(n— n+ 30)
/18 —2
X S —
81

6 2V2
+ —3o+f+ =+
_3WIE SIS

2 V2

VI 611

ol

2V7 348
SN, A
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6
BV
2V2 J11 6J/11 213 3414 5J15

ot —— = - — 48
VioJ1I0o Va2 o Ji4 2 2

H. THE GEOMETRIC-ARITHMETIC INDEX

By using ve-degree of end vertices of edges partition of
Opy, given in table (7), we compute the Geometric-arithmetic
index:

GA¥(Opy)
= Z 2V Tye(u) X Tye(v)
uveE(Opy) Tye(@) + Yye(v)
2v1 2.2 2./— 235
:2X—8+3X—5+2x 2 % 35
9 10 11 D
24/40
2 x YT
+2 x 3
2:/42 248 256
— 24y x M2
2./64
+Gn—12) x ==
2J72 3 2RI
+(6n —30) x 17 S0 = 110+ 30) x =
4 430 , 4V35 | 810 12442
3 11 12 13 3
243
+ ;/_n
9643  164/14
_96v3 a1y Y2, 3602
7 15 17 17
3 33
50 = Son+ 45
30 (V3 7272 33 42
2"+< R 2>f1+—3 +
44/30
11
N V35 8J/I0 12442 9643 . 163/14 \
3 13 13 7 G
360+/2
- 45
7
3 243 1232 27 42 430
2 7 172 3 11
V35
T3
8410 N 12J42 9643 N 16V14 36042 36
13 13 7 15 17
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I. THE HARMONIC INDEX
By using ve-degree of end vertices of edges partition of Op,,,
given in table (7), we compute the Harmonic index:

Hve(OPn)

- ¥ 2
- ?ve(u) + ?ve(v)

uveE(Opy)

=2 2—{-3 2+2 2+2 2+2 2+6 2
=2x = X —4+2X —42 X —4+2x —+6 x —
9 10 11 12 13 13

F6n—24)x = A x =+ (Gn—12) x 2
—24) x — X 7% - 1) x
" 14 15" 16

2
+(6n—30)x—7
2

+2(n —11n+30) x —

18
4 3 4 1 4 6 24 8 12 3

=§+5+ﬁ+§+ﬁ+_ —7+E+§+gn
3
2
+12 60+12 11 45
FANS VARSI
1, 299 72799
= —n n — .
6 2856 1531530

J. THE SUM-CONNECTIVITY INDEX
By using ve-degree of end vertices of edges partition of Op,,,
given in table (7), we compute the Sum-connectivity index:

Xve(OPn)
~ ~ 1
= > (el + Toe(v) 2
uveE(Opy)
— 2% 9 T 43x 107 +2x 117 T 42x 1272 42x 1372

16X 135 4 (6bn—24)x 1472 +4x 1577
+Gn—12)x 162
3
+(6n—30)x 1772 + 5(n2 —11n+30) x 1872

2 3 2 1 8 6 24

=t —4+—+ + n—
310 V11 /3 V13 J14 V14
4
+_
J15
+3 - 6 30 1 2 11 N 15
2n— Nt —
4 NIV AN v AN AN, S
1 2+(6 3+6 11>+2+ 3
22 14 4 V171 2V2 3 V10
L2 2 1 R 8 24 4 30 +15
V11 ﬁ J13 J14 «/ V1T V2
12+<6+3+6 11>+3+2
= n
272 Via 4 /17T 22 V10 V11
L 1 8 24 N 4 30 N 15 7
ﬁ JI3 Jid  J15 J11 V2 3
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11 12 21 22
14 13 24 23
1 42 31 32
44 43 34 33

FIGURE 2. OTIS swapped network 0K4.

TABLE 8. Vertex partition of Oy, .

n | 3| 4 5 6 7 8 9
Vi|3] 4 5 6 7 8 9
Vo | 6 ] 12 | 20 | 30 | 42 | 56 | 72

TABLE 9. Edge partition of O, ,n > 5.

Number of edges | (deg(u), deg(v))
n(n —1) (n,n—1)
2
. (n,n)

TABLE 10. Vertex and edges of Ok,,>n = 5.

Total Vertices | Total Edges

2 n®—n
2

n

TABLE 11. Number of vertices with corresponding degrees.

deg(u) | Number of vertices
n—1 n

n n(n —1)

V. RESULTS FOR OTIS SWAPPED NETWORK Oy

The complete graph denoted by K,, with n vertices and Ok,
be the OTIS swapped network for Ok, as example shown
in figure 2.

In table 8, V] represents the number of vertices of degree
n — 1, and V; represents the number of vertices of degree n.

Thus finally we calculate the number of vertices of degree
n — 1 are n, and the number of vertices of degree n are
n(n — 1). Similarly, we will partition the edges using same
methodology. Table 9 shows the edge partition of Oy, with
n>4.

The order and size of Ok, network are presented
in Table 10.

The degree based partition of vertices of Ok, network are
presented in Table 11.

In Table 12 we partition the edges, based on ev-degree of
the Ok, In Table 13 and Table 13 we partition the vertices,
based on ve-degree of Ok,.

Now we will calculate ev-degree and ve-degree based
indices such as the ev-degree Zagreb index, first ve-degree
Zagreb alpha index, first ve-degree Zagreb beta index,
the second ve-degree Zagreb index, ve-degree Randic index,
ev-degree Randic index, ve-degree atom-bond connectivity

200096

TABLE 12. Edge partition of O,.

Number of edges | Degree of its end vertices | ev-degrees
n(n —1) (n,n—1) n+1
n(nflz)(n72) (n’n) n4+2
% (n,n) 2n
TABLE 13. Vertex partition of Oy,,.
Number of vertices | Degrees ve-degrees
n n—1 (n —1)(2£2)
n(n —1) n (n—l)(nT4)

TABLE 14. The ve-degree of the end vertices of edges of Oy,,.

No. of edges Degree ve-degrees
nn—1) [ (—1Lm) | (= DED). (- D)
neZ | n) | (- DL, (0 - 1Y)

(ve-ABC) index, ve-degree geometric-arithmetic (ve-G.A)
index, ve-degree harmonic (ve-H) index and ve degree
sum-connectivity (ve-x) for Ok, formulas.

A. EV-DEGREE ZAGREB INDEX
By using ev-degree from edges partition of Ok, given in table
(12), we compute the ev-degree based Zagreb index:

M(Ok,)

= Z Tev(e)z

e€E(Ok,)

=ntn—1)x(n+ 12+~ % (n+42)?

+ —n(nz_ D o 2n)*

(n—Dn-2)
2

= %[Zn(nz —Dn+ D +nn—D)n>—Hn+2)
+4n3(n — 1)

1 7
= Ens + §n4 — 413 — 3% + 3n.

B. THE FIRST VE-DEGREE ZAGREB ALPHA INDEX
By using ve-degree from vertices partition of Ok, , given in
table (13), we compute the first ve-degree Zagreb alpha index:

M‘itve(OKrt)

= Z Y\ve (V)2

veV(0x,)

> 4
= nx (1= DESEP 4 — 1) x (= DCEP

1
= Z(n2 +1=2n)n* + 81 + 120> — 12n)
1 6 3 5

3
= Zn +§n —Zn4—7n3+9n2—3n.

C. THE FIRST VE-DEGREE ZAGREB BETA INDEX
By using ve-degree of end vertices of edges partition of Ok, ,
given in table (14), we compute the first ve-degree Zagreb
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beta index:

M0k,

= Y (Tl + Toe(v)
uveE(Ok,,)

n(n — 1)?
2

(n—1)> [nz +3n+ %(n2 —n)n+ 4)]

nn—1)xm-—1n+3)+ x(m—1Dn+4)

1 3 7 1
= Ens + §n4 — §n3 + Enz + n.

D. THE SECOND VE-DEGREE ZAGREB INDEX

By using ve-degree of end vertices of edges partition of Ok,

given in table (14), we compute the second ve-degree based

Zagreb index:

M¥(Ok,)
= Y (el x Toev)
uveE(Ok,)
1 ) n(n — 1)
=nn—1) x Z(n— D*n+2)(n+4) + B —
4 2
wn—1ptd
4
1 2
= 21— 1[0 + 2m)n +4) + (n : 62 + 81+ 16)]
1 1 17 1
= §n7 + §n6 — Ens — Zn4 + %n3 — gnz.

E. THE VE-DEGREE RANDIC INDEX
By using ve-degree of end vertices of edges partition of O,
given in table (14), we compute the ve-degree Randic index:

R¥(Ok,)
= Y T x Toelw)) 2
uveE(Ok,,)

=Mn—nx<%n—n%n+mm+4»%

—1)2 2
n(n2 1) X((’1_1)2(;1—;4)
2n nn—1)

+ .
Jn+2)(n+4) (n+4)
F. THE EV-DEGREE RANDIC INDEX

By using ev-degree from edges partition of Ok, , given in table
(12), we compute the ev-degree based Randic index:

b

R*(Ok,)
= Z ’?ev(e)ié
ecE(Ox,,)
=nn-—1)x (n+1)7% +w X (n+2)*%
n(nz— D X (2n)7%.
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G. THE ATOM-BOND CONNECTIVITY INDEX

By using ve-degree of end vertices of edges partition of Ok, ,
given in table (14), we compute the Atom-bond connectivity
index:

3 Toe(w) + Tyev) — 2

BC (O — -
ABCT(Or) Tre(tt) X Tye(v)

uveE(Ok,)

(n—Dn+3)—2
nn—1) x i
\/Z(n— 12(n+2)(n +4)
+n(ngl)2x\/(n—1)(n+4)—2

((n — 12485

/m—wxm+a—z
=2n
n+2)n+4)
n n(n —1)/(n—D(n+4) -2
(n+4) '

H. THE GEOMETRIC-ARITHMETIC INDEX
By using ve-degree of end vertices of edges partition of O,
given in table (14), we compute the Geometric-arithmetic

index:
23/ Tye(u) X Yye(v)
GA*(Ok) = Y, % °
uveE(Ok,) TVE(”) + Tve(V)
2,/ = 12(n+2)(n+4)
=nn-—1)x \/4 § " "

(n—1)(n+3)

Jrn— D2 2y - 2O
2 (n—1Dn+4)
_nln— DV + 2 +4) | nn— 1)
B n+3) + 2

I. THE HARMONIC INDEX
By using ve-degree of end vertices of edges partition of Ok,
given in table (14), we compute the Harmonic index:

H™(Ok,)

e —
Y\ve(’/l) + ?ve )

uveE(Ok,)
2 n(n — 1)>2 2
=nn—1)x + X
(n—1Dn+3) 2 (n—1(n+4)
. 2n nn—1)
n+3 n+4)"

J. THE SUM-CONNECTIVITY INDEX
By using ve-degree of end vertices of edges partition of O,
given in table (14), we compute the Sum-connectivity index:

XOk) = Y Fuelw) + Toew)) 2

uveE(Ok,,)

= n(n— 1) x ((n — 1)(n+ 3))"2
n(n — 1)2 _1
+ S X (= D+ 4R

200097



IEEE Access

N. Zahra et al.: On Topological Indices for Swapped Networks Modeled by OTIS

3000
8000
7000
6000
5000
4000
3000
2000

1000

i g 2 3 4 5 6 7 8 L) 10
-1000

=@=EV-Zaghreb index
First Zaghreb betaindex =®=Second Zaghreb index

=== First Zaghre b alpha index

FIGURE 3. Graphical Comparison of M€V, M{¥€, Mf"e and M3°.

150

100

50

-50

-100

-150

=@=EV-Randic index

==\ E-Randic index
== Atom-bond Connectivity Index=-8=Geometric Arithmetic index

==/ E-Harmonic index ===\ E-Sum-connectivity index

FIGURE 4. Graphical Comparison of R®", GAY®, ABC'® H"®, RV® and x'e.

V1. GRAPHICAL REPRESENTATION AND DISCUSSION

In this section we discuss graphically representation related
to the ev-degree and ve-degree based topological descriptors
for the OTIS swapped network with the basis graph as path
and complete graph.

We determined the explicit formulas for the ev-degree
and ve-degree based topological indices such as the ev-
degree Zagreb index, first ve-degree Zagreb alpha index,
first ve-degree Zagreb beta index, the second ve-degree
Zagreb index, ve-degree Randic index, ev-degree Randic
index, ve-degree atom-bond connectivity (ve-ABC) index,
ve-degree geometric-arithmetic (ve-G.A) index, ve-degree
harmonic (ve-H) index and ve degree sum-connectivity
(ve-x) for the OTIS swapped network.

« The graphical representation of OTIS swapped network
of path are shown in Figures 3, 4. It can be observe that
the values of all indices increase with increasing value
of n except Atom Bond Connectivity index. The values
of ABC"® decrease with the increase of n.

« Similarly, the graphical representation of OTIS swapped
network of complete graph are shown in Figures 5, 6.
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It can be observe that the values of all indices increase
with increasing value of n.

VIl. CONCLUSION

The study of graphs and networks through topological
descriptors is important to understand their underlying
topologies. Such investigations have a wide range of appli-
cations in computer science where various graph invariants
based assessments are used to deal with several challenging
schemes. In the analysis of the quantitative structure-property
relationships (QSPRs) and the quantitative structure-activity
relationships (QSARs), graph invariants are important tools
to approximate and predicate the properties of the biological
structures.

In this article, we have provided results related to
the ev-degree and ve-degree based indices such as the
ev-degree Zagreb index, first ve-degree Zagreb alpha index,
first ve-degree Zagreb beta index, the second ve-degree
Zagreb index, ve-degree Randic index, ev-degree Randic
index, ve-degree atom-bond connectivity (ve-ABC) index,
ve-degree geometric-arithmetic (ve-G.A) index, ve-degree
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harmonic (ve-H) index and ve degree sum-connectivity
(ve-y) for the OTIS swapped network of path and complete
graph as basis graph.
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