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1. INTRODUCTION

A signed graph is defined by an ordered pair = =(G,o) where G =(V,E) is an
underlying graph of *and o :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 uand it is denoted by d_(u).

The maximum positive degree of the signed graph Xis 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 ueZXis the
degree of vertex in underlying graphG = (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
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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 Xis 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 Y it is denoted by 5._(G).

Defined in terms of the degrees of the vertices of a graph, degree-based topological
indices are one of the most researched classes of topological indices used in mathematical
chemistry. The definition of such a topological index may be expressed as follows:

TI(G) = Y F(d(p),d(q))

paeG

. N (d, +d,)
Arithmetic-geometric index is defined as AG(G) = Z :

paeE(G) 2;' (d p : dq j

We define the Arithmetic-geometric index of signed graphs in this study. We also
look at various limits and characteristics of the signed graph's arithmetic-geometric index.

2. ARITHMETIC-GEOMETRIC INDEX IN SIGNED GRAPHS

The positive and negative AG index in signed graphs are defined in this section, along
with the index's characteristics and boundaries examined.
Definition 2.1: The positive Arithmetic-geometric (AG™) index of signed graphs is

(d +d;)
defined as AG*(Z) = — 4|
pquE(G)[Zﬂ‘d; d; J

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

(d +d;)
defined as AG™(Z) = —r 9
pquE(G){ZﬂidP dq_)
Theorem 2.1: In a positive K regular signed graph with n vertices, then the (AG™)
index is AG"(X)> [%)

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

is defined as AG* (Z)= Y| {M}
2

poeE(G) 1/‘d;d$ ’
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(d +d;)
AG™(2)= —1
® pq;G)[Zdid;-d;i

-z [l

paeE(G) K-K

_ (2K)
pqg;G){Z K? }
AG*(2)= >.(1)

PgeE(G)

In a negative K regular signed graph X with n vertices, there is minimum (%) edges
in X.

AG*(Z)zl+1+1+...(%jTimes

N nkK
ey
Hence AG™ (X)> [%)

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

G.o)

Figure 2.1: Positive 2-regular signed graph 2(G, o).
In a positive 2-regular signed graph X(G,o)the positive degree of the every
vertices in £(G,o) is 2.. The order £(G,o0)is O(X)=n=4,5(G)=6. The (AG") index)

IR LLS
AG (2)_42( > )
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AGH(E) - (ds +dg)
pqu(G) 21/(d+ )
(d; +d;) }

AG+(Z)>{ d*+d;)]+[ (d; +d; ]{ (d§+dd*)}+[
26 -0,)) (2l o)) o4, ales o
o3 ) L e

_{%] 4(2\/— ]
AG*(Z)> 4

Theorem 2.2: In a negative K regular signed graph with n vertices, then the (AG")

index is AG~ (Z)>(n;j

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

oo 2/

PaeE(G)
] (d5 +d;)
AG™(Z) = el |
) pquE(G) 2\/(d,§'dq_)
_ (K+K)
Ee | 2J(KK)
_ (2K)
pq;G)[Z\/iKZ) .
AG (D)= > (1)
paeE(G)

In a negative K regular signed graph X with n vertices, there is minimum (%) edges

in X.
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AG (X)>21+1+1+ ...(%jTimes
AG (2)>(”KJ
2
Hence AG™ (X)> ( n;(j

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

d - c
¥(G.o)
Figure 2.2: Negative 2-regular signed graph Z£(G,o).
In a negative 2-regular signed graph X(G,o)the negative degree of the every

vertices in £(G,o) is 2.. The order £(G,o0)is O(X)=n=4,5(G)=6. The (AG") index)

nK
AG (2)= 4>( zj

d; +d;
AG™(2) = pqezm)[—z( T—)d+ d_) J

)
wor( %) (e ) (e
“ofe) el

AG (Z)>4
Theorem 2.3: For a positive complete signed graph of n vertices, then the (AG) index

AG*(2)> (”2 0}
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Proof: Let £(G,o) 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 subgraph <V * >. In a (n-1)

regular graph there is @edges in a complete graph of n vertices. The positive

Arithmetic-geometric (AG™) index of signed graphs is defined as
(d; +d;)
AG*(Z) = —3
pquE(G)(Zwlidg dg)

(d; +d;) (d; +d;)
AG' () = - 9/ _\"P " Ta/
) pgéi 2./(d:-dy) +p££+ 2./(d; -d;)

p,gqeVv p,geV’
(d; +d;)
AG*(Z) 2 B
p(;; 21”d;d5)
p.qe

s s [(O-0+0-1)
R A N ) ]

p.geVv”

AGT(Z)> Y M] - [(2(”—1))j

pgeE* 2 (n—l)z

p.geVv” p.geVv*

AG*(Z) > j:@)=1+1+1+m9§%l9ﬁmes
pgeE"
p,geVv”*

FERRLE!

Hence AG* (Z) > n(n2—1) .

Illustration 2.3:Positive complete signed graph £(G, o).
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5G.0)

Figure 2.3: Positive complete signed graph 2(G, o).
In a positive complete signed graph X(G, o)the positive degree of the every vertices

in <vV*>

is 4.. The order X(G,o)is O(X)=n=7,S(X)=14. The (AG") index)
AG*(2)=152(M].
(df +d;)
AG™ () = Sl B VA
® pq;G)[Zwlid;-dq*i
(d; +d;) [ (d;+d*)}
AG+(Z): Z % + %
|2 07)) e 2/l 00)
(d +d;)
AG+(Z)= z % +
e d)
(05 +d;) ), [ (ac+ag) | [ (oo +di) | [ (di+d;)
2J;-d7)) (2l -dg)) (2 -d;)] | 2y(d;-d;)
. (4+4) ((4+1)J ((4+1)] ((4+1) ((4+1)J
AG™(2) = + + + +
pq;e)(w@-@ 20\ 2@/ (2@ (27
L5 = SV (21 (2)4(2
Ae (Z)_pq;g)+(4j+ 4H4 +(4j
AG*(Z):1+1+1+..(5(52_1)Jtimes+4[%)

AG*(2)=10+5=15
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Theorem 2.3: For a negative complete signed graph of n vertices, then the (AG™)

index AG™(Z) z@.

Proof: Let £(G,o) 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 vertices in the induced sub graph <V~ >.1Ina
(n-1) regular graph there is @edges in a complete graph of n vertices. The positive
arithmetic-geometric (AG") index of signed graphs is defined as

ds +d;
AG™ () = pq;@[—z( T—)d+' d) }

d, +d, dp +d,
AG(Z)=quE: —2( T—)d-d) +quE: [—2( d-d)]
_ (d; +d,)
AG (2)> > | 77—
pacE quid; dq_)
AG (D)2 Y ((”2— 1()n+ (fll): 1))]

p,qev"

. (2(n-1)) (
AG(D)> 3 | ND) )

) png:‘/ 2,((n-1)° ZE/
AG™(2) > 2(1)=1+1+1+...@times

pgeE™
p,geVv™

AG‘(Z)ZM

Hence AG ™ (2) > n(n2—1) .
Illustration 2.4:Negative complete signed graph 2(G, o).
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Y(G.o)
Figure 2.4: Negative complete signed graph £(G,o).
In a negative complete signed graph Z(G, o) the negative degree of the every vertices
in <V~ > is 4.. The order X(G,o)is O(X)=n=7,S(X)=14. The (AG") index)

AG‘(Z)zlSZ(n(nT_)j.

AG ()= D]

— |t
pgeE™ (G) qu‘d;d;)] pgeE™(G)

(s sah )
e 30
;J

AG™(£)=5+10=15
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Theorem 2.5:For a positive complete bipartite signed graph K, ., then the (AG™)

index AG* (Z) > %(n+m)\/ﬁ :

Proof: Let X(G,o)be a positive complete bipartite signed graph of vertex sets
V. "&V." respectively .This implies the induced sub graph <V, , > is a positive complete
bipartite graph of vertex setsV,, &V, . This implies the positive degree of every vertices in
V, and V, are n&m respectively such thatd"(v;)=n, Vv, eV and d"(v;)=m, Vv, eV,
,there is mnedges in a positive complete bipartite signed graph K, of (m,n) vertices.
Therefore (AG™)index

(dz+d;)
AG* ()= ——1
® pq;G)[Zwlid;-dq*i

(ds+d;) (dg +d;)
AG* () = Fr ) |4 \"p ¥ )
p.qe p.qe

), o [650)

AG™(2) = — I+ AL

AG+(Z)> z d +d J

packy, | 2 d -dy

peV, &qeV,

_ ( n+m J

PAeKp

peV,, &qeV,

(n+m) (n+m)  (n+m) :
= +...mntimes
2J(n-m) 2(n-m) 2(n-m)
_(em) o)

2,/in-mi
AG™ (Z)> n+m)\/_

Hence AG'(Z)> E(n +mh/mn .

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

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

AG+(2)=7\/§2%(n+m)m.

e B, 2,(d: -d;)
~ (4+3)
g2 (2 4-3

paeKy,
peV, &geV,

AG*(Z) > z [M

(7) n (7) (7) +...mntimes

T2J1) 2J12)  2J12)

)
43 42)

AG*(Z)>7+/3

Theorem 2.6:For a negative complete bipartite signed graph K ., then the (AG")

index AG™(2) > %(n+m)\/ﬁ .

Proof: Let X(G,o)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 vertices in
V, and V, are n &m respectively such that d"(v;) =n, Vv, eV and d"(v;)=m, Vv, eV,.
clearly there is mnedges in a negative complete bipartite signed graph K,  of (m,n)

vertices. Therefore (AG ™) index
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+

(d7 +d;)

AG () = _—

® pq;G)[Zwlidp-di

R { (dp+d(;) } 5 [ (dp+dq)J
pPaeE’ (G) “Ug

p4<V ' (©) 2\ D ) Zm

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

AG*(Z): Z WP " "q /) + z dp+dy )
ok, (27 -d)) i\ 245 d,)

(d; +d;)
AG*(Z) > T el
pquzm:n 2 d;d

q

peV, &qeV,

B (n+m)
pquZm:,n [2 (n'm)
peV, &qeV,

(n+m)  (n+m) s (n+m)

“odnom) 2diom) 2dn-m)
~ (n+m) (mn)

_2 n-m

+..mntimes

AG™(3) > %(n+ m)}/mn

Hence AG™(Z)> %(n +mimn .

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

Figure 2.6: Negative complete bipartite signed graph (G, o).
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In a Negative complete bipartite signed graph X(G,o)the Negative degree of the

every vertices in V,"and V," are m=4 and n=3 respectively. The order 2(G,o)is O(X)=7.

There is 12 edges in Negative complete bipartite signed graph %(G,o). The (AG") index)

AG‘(Z)=7\/§Z%(n+m)m.

3. Conclusion

In this investigation, we computed and examined degree-based topological

indices, including the positive and negative arithmetic-geometric indices ( and ). Index) and
index in regular graphs, complete graphs, complete bipartite graphs, union of graphs, and join
of graphs are further examined and derived. Provide examples to further clarify the theory.
We shall examine the many degree-based topological indices in the future.
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