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Abstract: A topological index, also known as connectivity index, is a molecular structure descriptor calculated from a
molecular graph of a chemical compound which characterizes its topology. Various topological indices are categorized
based on their degree, distance, and spectrum. In this study, we calculated and analysed the degree-based topological

indices such as positive arithmetic- geometric index ( (AG)™ index) and negative arithmetic- geometric index ( (AG)"~

index). Further investigated the (AG)" index) and (AG)~ index in regular graph, complete graph, complete bipartite

graph, union of graphs and join of graphs are derived. Further explain the theorem by examples.
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Arithmetic-geometric index is defined as AG(G) = Z (d o g )
pasE(G) 2;’ (d p’ dq j

INTRODUCTION

A signed graph is defined by an ordered pair £ = (G,G) where G = (V, E) is an underlying graph of X and
c.E—> {+,—} is a function called a signature function.

The positive degree of the vertex U in the signed graph is defined by number of positive edges are incident in
the vertex U and it is denoted by d+(u) .The negative degree of the vertex U in the signed graph is defined by number
of negative edges are incident in the vertex U and it is denoted by d_ (u)

The maximum positive degree of the signed graph X is maximum positive degree along the vertices in X it is
denoted by A+ (G) The maximum negative degree of the signed graph X is maximum negative degree along the
vertices in X it is denoted by A _ (G)

Note that the sum of positive degree and negative degree of a vertex in U € X is the degree of vertex in
underlying graph G = (V,E).

The positive degree of the edge UV in the signed graph is defined by number of positive edges are adjacent to
the edge UV and it is denoted by d+(uv) .The negative degree of the edge UV in the signed graph is defined by number
of negative edges are adjacent to the edge UV and it is denoted by d_(uv).

The minimum positive degree of the signed graph X is minimum positive degree along the edges in X it is
denoted by 5E+ (G) The minimum negative degree of the signed graph X is minimum negative degree along the edges
in X it is denoted by 5E_(G).

One of the most investigated categories of topological indices used in mathematical chemistry is called degree-
based topological indices, which are defined in terms of the degrees of the vertices of a graph. We can write the
definition of such a topological index in the form given as

TI(G) = X F(d(p).d(a))

pgeG

(d p Tdq )
Arithmetic-geometric index is defined as AG(G) = z

paeE(G) 2 dp .dq
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In this paper we define the Arithmetic-geometric index of signed graphs. Further we investigate some properties
and bounds of the Arithmetic-geometric index of signed graphs.

1. ARITHMETIC-GEOMETRIC INDEX IN SIGNED GRAPHS
In this section we define the positive and negative AG index in signed graphs and investigate the properties and

bounds of the AG index in signed graphs.
Definition 2.1:  The positive Arithmetic-geometric (AG*) index of signed graphs is defined as

(dg +dy)
AG™(2) = ——2
®) pq;G) 211id; d(ﬂ

Definition 2.2:  The negative Arithmetic-geometric (AG’) index of signed graphs is defined as

] (d: +d;)
AG ()= —a
® pq;G) Z,Iid;-dq_i

Theorem 2.1: In a positive K regular signed graph with n vertices, then the (AG™) index is
nK
e :(%)

Proof: Let Xbe a positive K regular signed graph with n vertices. Therefore we get
d_(v;) =K, forevery v, e . The positive Arithmetic-geometric (AG*) index of signed graphs is defined as

(dg +d;)
AG*(5)= P e/ |
® pqezE(G) 21/id;-dq+i
AGT ()= Y (¢ +d;)

pgeE(G) 21”d;d;’ .
-y (K+K)
paeE(G) 2{(K-K .

(2K)
pgeE(G) 2 K2 .

AG*(Z)= >(1)

paeE(G)

nK
In a negative K regular signed graph X with n vertices, there is minimum (7j edges in 2.

AG*(Z)Z1+1+1+...(%)Times

N nkK
(™)
Hence AG™ (X)> (%)

Illustration 2.1: Positive 2-regular signed graph (G, o).

1429



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 1428-1439
https://publishoa.com

ISSN: 1309-3452

d + c

X(G,0)

Figure 2.1: Positive 2-regular signed graph (G, o).
In a positive 2-regular signed graph (G, o) the positive degree of the every vertices in (G, o) is

2. The order (G, o) is O(X) =n=4,5(G) = 6. The (AG") index) AG™ (E) = 4>(”2Kj

(ds +d;)

AG*(Z) = pq;e) [WJ
o o) L )
AG+(Z)2£2(2;?2) J{ (2+2 J (22 22 JJ{ (2+2) ]

4 (2+2) :4( 4 j
2./(2-2) 24
AG*(Z) > 4
Theorem 2.2: In a negative K regular signed graph with n vertices, then the (AG~) index is
AG" (2)>(”2Kj

Proof: Let Xbe a negative K regular signed graph with n vertices. Therefore we get
d_(v,) =K, forevery v, € X. The negative Arithmetic-geometric (AG") index of signed graphs is defined as

pgeE(G) 21/‘d;d;’ .
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AG (2)= >

paeE(G)

VR
N/\
o
o™
T | +
Q-_OQT
I ~~—
N—

(2K)
pqu(G) 2\/“(2 ’
AG (2)= X (1)

pqu(G)

. . . . N nK :
In a negative K regular signed graph 2 with n vertices, there is minimum (—J edges in 2.
AG(Z)Zl+l+l+...(%)Times
AG(2)> ( ”Kj
2
Hence AG™ (X)> ( n2K J

Illustration 2.2: Negative 2-regular signed graph 2(G, o).

d y c
(G.0)
Figure 2.2: Negative 2-regular signed graph (G, o).
In a negative 2-regular signed graph X(G, &) the negative degree of the every vertices in (G, o) is

2.. The order 2(G,0) is O(X) =n=4,5(G) =6.The (AG") index) AG (X)) = 4>(n2Kj

AG (D)= Y [MJ

paeE(G)

2,/(d; -d,)
o ) [ () s
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o o B (S B E S M)
{55 )-42)
AG™(Z)> 4

Theorem 2.3: For a positive complete signed graph of n vertices, then the (AG) index AG™ (X) >

nm—ﬂ.
2

Proof: Let X(G,0) be a positive complete signed graph this implies the induced sub graph<V ™ > is a
complete graph of order O(G) =n. This implies the positive degree of every vertices in G is (n-1) and n number of

vertices in the induced sub graph <V * >. In a (n-1) regular graph there is

edges in a complete graph of n

n(n-1)
2

vertices. The positive Arithmetic-geometric (AG*) index of signed graphs is defined as

AG (D)= > [(d;"‘d;)]

PA<E(G) 2\/(d = -d +)

o = () =
. | (de +dg)

AG (Z)qugé N R
sy = (h—1)+(n—1))

A (2)_pq§;‘+ 2/((n—1)?) ]

p.qeVv ™

sy = 2n-1) | _
AGT(Z) = pqEZE‘,+ 2\/((n—1)2)j >

p.qeVv ™’

AG™ (Z) = 2(1)=1+1+1+...”(%

pgeE"
p.qeVv ™’

n(n—1)
2

Hence AG™(X) > (n2 1)

AG () =

Illustration 2.3: Positive complete signed graph (G, o).

pdeE™
p.qeV

(dg +dy) J
>z o)

(2(n — 1))]

2(n—1)

1) times
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Y(G.0)

Figure 2.3: Positive complete signed graph 2(G, o).

In a positive complete signed graph (G, o) the positive degree of the every vertices in <V * > is 4. . The

order 2(G,0) is O(Z) =n=7,5(X) =14. The (AG") index) AG™(Z) zlsz(n(nz—l))

o 5[

pgeE(G)
(dg +d;) (dg +d;)
AG(2)= Y —P+ °'+ + > [—P+ ‘LJ
e a)) g 2/ o)
(dg +d;)
AG*(Z) = S A
Fi o)

[ @g+d;)J+( (d: +d;
2ld; d:)) \2le; -d:)) (2
AG*QD=m&;@(;ﬁ;i%}+(§3%%J+£g3%gJ
AG*(2) = Z(l)+(§j+(4 (

paeE"* (G)

5(5-1)
2

AG*(Z):1+1+1+..[
AG"(X)=10+5=15

Theorem 2.3: For a negative complete signed graph of n vertices, then the (AG~) index

AG‘QDZﬂgfl.
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Proof: Let X(G,0) be a negative complete signed graph this implies the induced sub graph<V ™ > is a
complete graph of order O(G) =n. This implies the positive degree of every vertices in G is (n-1) and n number of

n(n-1)
2

vertices. The positive arithmetic-geometric (AG") index of signed graphs is defined as

AG™(Z) = Z M
pgeE(G) 2 d,;dq_

vertices in the induced sub graph <V~ >. In a (n-1) regular graph there is edges in a complete graph of n

] (d; +d;) (d; +d;)
AG ()= P Td) Mp Y )
® pquE Zwlid; d” ' png: 2,\dp -dg

p.geV” p.aeV"

AG™(Z) 2 Z M

pgeE” Z,Iid; dq_’

ee: y [ |y (Mj

pgeE” 2 (n—l)z pgeE” Z(n—l)

p.gev- p.qev”

AG(2) > 2(1):1+1+1+...Mtimes

Hence AG™ (X) > n(n _1).

Illustration 2.4: Negative complete signed graph Z(G,G) .

1434



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 1428-1439
https://publishoa.com

ISSN: 1309-3452

%(G.0)
Figure 2.4: Negative complete signed graph (G, o).

In a negative complete signed graph X(G, o) the negative degree of the every vertices in <V~ > is 4.. The

order 2(G,0) is O(Z) =n=7,S(X) =14 . The (AG ") index) AG (X)) =15> (n(nz— ))

) (dg +d;)
AG ()= 1
) pq;G){Zﬁid;-dgi

AG (D= Y [%} 5 ){ (d; +d;:)

paeE™ (G) qeE~ (G
) (dp+d2) ) [ (@ +dg) | [ (@ +d; (5 +d;)
AG (X)) = c ¢
) (21/(d;-d:) 12 d’-d; 2/ -d7 ’ 2./(d; -d;) "

(d; +d;)

ol et .3
w0 2
5

paeE™(G)
AG (X)) = 4(%j+(1+1+1+ .

AG™(£)=5+10=15

Theorem 2.5: For a positive complete bipartite signed graph Km'n, then the (AG™) index
1
AG*(E)zE(n+mNmn .

Proof: Let (G, o) be a positive complete bipartite signed graph of vertex sets Vm+ &Vn+ respectively .This

implies the induced sub graph <men > is a positive complete bipartite graph of vertex sets V. &V, . This implies the
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positive degree of every vertices in V,, and V, are n &m respectively such that d*(v,)=n, Vv, €V, and
d*(vj) =m, Vv; €V, there is Mn edges in a positive complete bipartite signed graph K
Therefore (AG ™) index

of (M,n) vertices.

m,n

(d:+d,)

AG*(Z) = e +dy)

®) pq;%G) Z,Iid,}d;i
(ds +d7) (ds +d?)
JYCR0 F Qi il DA PR i P D
AT ACT
AGTE)= Y (d; +d;) (g5 +d;)

i U P S I P
gg@@,ZJ@+ 4;)) s\ 20 -4;)
AGH(Z)> ] d +dq ]

P Ky o 2 d d

peVv, &qeV,

pqumn \/( )

= F&Hq;) + n+m n+m) +...mntimes
2J(n-m) 2(n-m) 2y(n-m)

_ (n+m) (mn)
2

AG*(Z) 2 %(mm)m

Hence AG™ (X) > %(n+m hmn .

Illustration 2.5: Positive complete bipartite signed graph (G, o).
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e - f - g

Figure 2.5: Positive complete bipartite signed graph 2(G, o).
In a positive complete bipartite signed graph %(G, ) the positive degree of the every vertices in Vl+ and V2+
are m=4 and n=3 respectively. The order (G, o) is O(X) = 7. There is 12 edges in positive complete bipartite signed

graph 2(G, o). The (AG™") index) AG*(Z) =7+/3 > %(n +mh/mn.

(d3 +d;)

AGT(E)> Y |l

e Eae, 2(d: ;)
B (4+3)
g2 [2 4.3

paeKp o
pev, &QqeV,

- (7) + (7) + (7) +..mntimes
2./(12) 2 (12) 2,/(12

_ (™

_4\/5(12)

AG*(Z)>7+/3

Theorem 2.6: For a negative complete bipartite signed graph Km’n, then the (AG™) index
1
AG‘(Z)ZE(ner)\/mn .

Proof: Let X(G,0) be a negative complete bipartite signed graph of vertex sets V,, &V, respectively

.This implies the induced sub graph<V ' > is a negative complete bipartite graph of vertex sets V., &V, . This
implies the negative degree of every verticesin V, and V, are n &m respectively such that d 7(Vi) =n, W, eV,
and d™(v;)=m, YV, €V,. clearly there is MN edges in a negative complete bipartite signed graph K = of (m,n)

vertices. Therefore (AG ™) index

1437



JOURNAL OF ALGEBRAIC STATISTICS
Volume 13, No. 3, 2022, p. 1428-1439
https://publishoa.com

ISSN: 1309-3452

d,+d;
AG (2)= )] (F’+ g
paeE(G)| 2 d‘~dq‘

P

AG (Z) = Z (M

J |, 5 [ (erd)
pqeli/i((GG)) qu‘d;d;) pgeE*(G) qu‘d;d;)
p.qe

p.qeV’(G)

i

(d; +d;) (d; +d;)

AG*(Z) = P u P 0

N 2{2 6 4,)) . 2(d: -d;)
(dy +d.)
AG*(Z) > B i VA
Z [Zv (-0,

:2\/(n-m)+2\/(n-m) 2\/(n.m)+...mntimes

_ (n+m)
_—Zm(mn)

AG™(2) > %(n+m}\/mn
Hence AG™ (%) > %(n+m)\/ﬁ :

Illustration 2.6: Negative complete bipartite signed graph 2(G, o).

Figure 2.6: Negative complete bipartite signed graph %(G, o).
In a Negative complete bipartite signed graph X(G, o) the Negative degree of the every vertices in Vl+ and
V," are m=4 and n=3 respectively. The order (G, o) is O(X) =7 . There is 12 edges in Negative complete bipartite

signed graph 2(G, ). The (AG™) index) AG ™ (Z) =7+/3 > %(n +mh/mn.

2. Conclusion
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In this study, we calculated and analysed the degree-based topological indices such as positive arithmetic-

geometric index ( (AG)" index) and negative arithmetic- geometric index ( (AG)~ index). Further investigated the

(AG)" index) and (AG)~ index in regular graph, complete graph, complete bipartite graph, union of graphs and join
of graphs are derived. Further explain the theorem by examples. In future we will analysed the different degree-based
topological indices

N
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