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Abstract

Let G = (V,E) be a simple connected undirected graph. In this paper, we define generalized the divisor sum Ty-function
of a graph which is the summation of the sum of divisor oy-function of the degree of the vertices of a graph denoted by
T(G) =2, €V(G) o (deg(v)) and determine the divisor sum Ty -function of some standard graphs and finally some results are
proved.

Keywords: Generalized the divisor sum Ty -function, the divisor sum oy -function, More.
2010 MSC: 11A25, 05C99.

1. Introduction

The concepts of Number Theory were used starting from 1980 in Graph theory and many types of graphs
have been studied. This paper extends results given in the work [8], in 2019, by M.Salih and Ibrahim
which defines the generalized Euler’s ®-Function of a graph which is the summation of the Euler’s ¢-
function of the degree of the vertices of a graph and it is denoted by ®(G). There are variety of graphs
defined through arithmetic conditions where unitary Cayley graphs is an important example which can
be found in [13]. There are also many interesting connections, in [13], between number theory and many
other mathematical topics. The notion of divisor graphs G((p(n))) was introduced by Singh and Santhosh
[9] and in [11] Kannan, Narasimhan and Shanmugavelan the divisor function graph was introduced and
studied its properties, whereas, the concept of the Euler function graph G(¢(n)) was studied in [14],
in 2017, by Shanmugavelan and some graph theoretical properties of two derivative Euler Phi function
set-graphs was studied in [12], in 2019, by Kok, Mphako-Banda and Naduvath. For all other standard
terminologies and notations we follow [[3], [6], [7], [10], [5], [4], [15]].

The divisor sum oy-function in number theory was first studied by Ramanujan, which is a number of
crucial congruences and identities were given by him; these are preserved separately in [1]. The sum of
the divisor oy-function is a related function to the divisor function, denoted by oy (n), is counting the
sum of positive divisors of n to the power k was studied in [2]. For instance, 8 has 4 positive divisors,
then 0,(8) = 85. Also, there are 2 positive divisors of 11, then 0,(11) = 122. The above example shows

that if (n = p) is prime, then oy (p) = p*¥+1 and in general, oy (p®) = }% for any positive integer
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a;+1)k
a. For any positive integer n we have that ox(n) = 3_;,, d* = t ppk—l where n = p'ps2...pet.

Notice that when k = 0, we say that op(n) is the number of divisors which is also denoted by t(n) and
when k = 1, we say that o1(n) is the sum of the divisors of n which is also denoted by o(n) [[3], [6], [7]].
The Euler ¢—function is counted as one of the typical area in number theory defined as the number of
positive integers less than n which are relatively prime (or co-prime) to n [3]. For instance, there are 4
positive integers less than 10 which are relatively prime to 10.

A function f is said to be multiplicative if for all positive integers m, nsuch that m, n are relatively prime,
then f(mn) = f(m)f(n). The sum of the divisor oy-function is multiplicative [2].

In this paper, we attempt to use a number theory function called the divisor oy-function into graph theory
and we define the divisor sum Ty-function Ty (G) of the graph G, which is counting the sum of the sum of
the positive divisor oy-function for the degree of vertices of a graph G. It is shown a relationship between
the Euler’s ¢-function and generalized the divisor sum Ty, where k = 1.

2. Generalized The Divisor Sum Ty-Function of Some Standard Graphs

In this section, we determine generalized the divisor sum Ty.-function of some important graphs in graph
theory which are the path graph Py, cycle graph C,,, complete graph K,,, complete bipartite graph K n,
k-partite graph K, m,,.,m., star graph S, and wheel graph W,,.

Definition 2.1. Let G be a simple connected graph and let o (deg(v)) be defined as the sum of the divisor
ox-function of the degree of vertices v of a graph G which is denoted by Ty (G). Then

Z ox(deg(v

veV(G)

In the following proposition, we determine the general form and exact values of generalized the divisor
sum Ty.-function of some standard graphs.

Proposition 2.2. 1. Generalized the divisor sum Ty-function of the path graph G = Py, for n > 2 vertices, is
Te(Pn) = (2% +1)(n—2) +2.
2. Generalized the divisor sum Ty-function of the cycle graph G = Cyp, for n > 3 wvertices, is Ty (Cr,) =
2+ 1)n
3. Generalized the divisor sum Ty-function of the complete graph G = Ky, for n > 3 vertices, is

t pgaﬁ_l)k—l
i1 Pi T

where (n—1) = py'ps2...py.

4. Generalized the divisor sum Ty-function of the complete bipartite graph G = K n, for any positive integers
m, n vertices, is

toplactk _q T p.(afrl)k_l
Tk(Kmn) = (m*ok(n)) + (n*ox(m)) = (m*H lk1> + | nx H]kil
ic1 Pi— =1 Py~

5. Generalized the divisor sum Ty-function of the star graph G = Sy, for n > 2 vertices, is

t a1+1)k 1
Te(Sn) = ox(n—1) + (H >+(n—1)
i=1

pl—1

where (n—1) = py'ps?...pe.
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6. Generalized the divisor sum Ty-function of the k-partite graph G = K, m,,..,m,., for any positive integers
mi, My, ..., Mn vertices, is

.....

+(Mp*xor(m+mp+---+mn_1))

S a LR (5 Y | I T B
i=1 j#1,j=12,..n i=1 j#1,j=12,..n pi

( > om P?lpé‘z---v?t)

where

j=12,..m
7. Generalized the divisor sum Ty-function of the Wheel graph G = Wy, for n > 4 vertices, is

t _p.(aiJrl)k_l
TcWa) =orn—1+ B+ D)n-1) =] [ ZFF——+ B +1)(n-1)
i pi—l

where (n—1) = p'ps2...pgt.

Proof. 1. The path graph Pn of order n, if n = 2, we have two vertices of degree one, then we have
Tk (P2) = ok (1) + ok (1) = 2. If n > 3, we have two vertices of degree one and n — 2 vertices of degree
two, then we have:

Te(Pn) = (M—2)0k(2) + 204 (1) = (n—2)(2% + 1) + 2.

2. In a cycle graph Cn of order n, we have n vertices of degree two, and then we have:

Te(Cn) = > ox(deg(v)) = o (deg(v1)) + or(deg(v2)) + - - - + or(deg(vn))
veV(Cyq)

=nx*0k(2) =n2*+1).

3. In a complete graph K;, of order n, we have n vertices of degree n — 1, and then we have:

Te(Kn) = ) ox(deg(v)) = ox(deg(v1)) + or(deg(v2)) + - - + ow(deg(vn))
veV(Kyn)

t FaiJrl)k_l
=n*xox(n—1) =n=x (le1> .

k _
i=1 Pi

where (n—1) = pi'py2...p¢t.
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4. In a complete bipartite graph Ky, » of order m +n, we have m vertices of degree n and n vertices
of degree m, then we have:

T (Kmn) = Z ox(deg(v)) = ox(deg(ug)) + ox(deg(uz)) + - - - + ox(deg(um))
veV (Kmn)
+Uk(deg(vl))+0k(deg(\)z)) -+ ox(deg(vn))
= ox(n) +ox(n)+---+ox(n) + ox(m) + ox(m) + - - - + o (m)
= (m* oy (n)

(
)+ (nx o (m))
(

t ai+1)k 1 a)+1)k 1
i=1 pl =

5. In a star graph S,, of order n, we have n —1 vertices of degree one and we have one vertex of degree
n —1, say vy, then we have:

T(Sn) = ) or(deg(v)) = or(deg(v1)) + ox(deg(va)) + - - + or(deg(vn))
veV(Sn)
t (ai+1)k_1

—on—1)+m-1) =[[Pr—e—+m-1.
i1 Pi

where (n—1) = p{'ps2...pyt.
6. In a complete k-partite graph K, m,, . m,) of order m; +my + --- + my, we have m; vertices of
degree Z#i m; where j,i=1,2,...n, and then we have:

Tie(Kmymy,mn) = > ox(deg(v)) = ox(deg(vi)) + ox(deg(v2)) + - + ox(deg(vn))

=(mpxox(ma+mg+---+mp))+ (Maxox(my+mg+---+myp))

+(MmMp*o(m+mop+---+mp_1))

n n pgai+1)k -1
:Z mix o | Z my :Z mix | H 71p!<—1 )
i=1 j#1,j=12,.n i=1 j#1,j=1.2,..n 1

@1 a2 at
Z mj =Py Py ---Pt
5=1,2,.m

7. In a wheel graph Wn of order n, we have n — 1 vertices of degree three and we have one vertex of
degree n —1, say v;, then we have:

where

Ti(Wn)= Y oxl(deg(v)) = ok(deg(v1)) + ox(deg(va)) + - - + ok (deg(vn))
veV(Wy)
t .(ai+1)k_1
=oxn—1+@B*+1)(n—-1) :leki—k

where (n—1) = p{'ps2...pyt.
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3. Some Results and Their Proofs

In this section, we give some new results of finding the generalized the divisor Ty-function of a graph and
we also give a relationship between the Euler’s ¢-function and generalized the divisor sum Ty- function,
where k = 1. The following theorem is the most useful properties of generalized the divisor Ty-function
for the divisor sum of the degree of the vertices in a graph.

Theorem 3.1. Forall v € V(G), deg(v) = p;'py?...p¢t = 1, we have

aj t p(aiJrl)k 1

. ( _

= 2 deeg =2 | I (2¢f)]= X II "
veV(G veV(G) \pildeg(v) \j=0 vev(G) \i=1pildeg(v) Pi

Proof. Letv € V(G), (deg(v) = p;'py?...p¢") = 1 and since oy is multiplicative, thus

T(G) = Z o(degv)) = > onlpips?...pft)

VEV(G VEV(G)

= ) (ok(pl)*ck(p;“)*---*crk(p;‘t))

veV(G)
- platk g platlk plactli
= Z 7k_1 * 7‘(_1 Koo X 7}{_1
\IEV(G) pl p2 pt

- ¥ HT%k_l—l

veV(G) \i=1l,pildeg(v) Pi
Or we can use the geometric formula for series and the result will follow. 0

Lemma 3.2. If deg(v) =p® > 1 for v € V(G), we have

(a+1)k .
G) =) ou(p) {de e i k0
= Sapelatl)  if k=0

Proof. Follows from the Theorem 3.1. 0

5 (o [aiy])

deg(v)=1

Theorem 3.3. Forall v € V(G), deg(v) > 1, we have

N
TG =Y ( ) k(deg(vn) S (
G) 1 )

veVv( deg(v)= veVv (G

N

where { 3 e;'(v)} is the greatest integer less than ( ) and N is a positive integer.

Proof. Set, for all v € V(G), Bin,aegiv)) = | qenwy| — [deg j| for deg(v) > 1. Then

(deg(v)*(B(N,deg(v

deg kX when deg(v)|N
when deg(v) { N
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and then

N N deg(v)
T(G) = ) > “k(deg(v))) = ) ( 2 (Z kdeg(v)B(deg(v),kJ))
=1 1

veV(G) \deg(v)= k=1

- 2 (B (B e (e fen))

veV(G) \deg(v) (3.1)
N
deg(v) deg(v)
. Y kdeatv [ N 5 Kdeg(v)
veV(G) \deg(v) k=1 k 1<Sk<N, I<deg(v)SN-1 k

. eg(v) deg(v)
- Yy e S

veV(G)1<kKN, deg(v)=N

The results follos from the equation (3.1) by exchanging k with deg(v) and since deg(v) = N, we obtain

h,
that N N N
T.(G) = Z ( Z 1Gk(deg(V))) = Z ( Z ) <(deg(v))k [deg(v)]))

veV(G) \deg(v)= veV(G) \deg(v)=

Lemma 3.4. For all v € V(G), we have that deg(v) is a prime number if and only if

T(G) = )  orldegv) = Y  ((deg(v))*+1).

YveV(G) YveV(G)

Proof. If deg(v) is a prime Vv € V(G), then if we have t-vertices in a graph G.

T(G) = Z ok(deg(v)) = ox(deg(v1)) + ok(deg(v2)) + - - - + ok (deg(vi))
YWEV(G)

Since Yv € V(G), deg(v) is a prime number. Therefore deg(v;) = deg(v2) =--- = deg(v¢) =p

T(G)= ) okldeg(v)) = ox(p) + ok(p)+-- +or(p) = D oxlp)
YveV(G)

=) (P*+1)= > ((deg(v))*+1).
P

YveV(G)
O

The following theorem gives a relationship between the Euler’s ¢-function and generalized the divisor
sum Ty-function of a graph, where k = 1.

Theorem 3.5. Forall v € V(G), deg(v) > 1, we have that

Ti(G)= ) oildegv))= > (

vEV(G) veEV(G)

T wwe()).

dldeg(v)

where d is the divisor of the degree of vertices in a graph G.
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Proof. Let (deg(v)) = p;'py2...pet. If we choose the left hand side (LHS) to be 2 vev(a) o1(deg(v)). Since
the divisor function oy and the Euler’s ¢-function are multiplicative and from the Theorem 3.1, we obtain
in the case when k = 1, that

t p.(aiJrl)k—l
S oaen)- ¥ aofepest- Y (1P
pe} \i=1

c—1
veV(G) deg(v)={p1,pP2,- Pt} deg(v)={p1,pP2, Pi

This side will be called the left hand side (LHS). If we see the other side the right hand side (RHS).
In our case d is our divisor of deg(v) which has the form d = p}lpéz ...pi‘ where 0 < 1iy,1p,...,1t <
ai, ap,...,ay respectively. The representation of each of the divisors will be allowed because in this
way the divisors with different primes can be counted with different these primes could have. Since

deg(v) = py'py2...p¢t. Thus,

N PRETRAC ) RPN P30 1 A R L

t
veV(G) \dldeg(v (P1p2pt} \11=01=0  i=0 P1 Py ---Pt

Since ¢ and op are multiplicative and by rearranging their terms, we obtain

= (ZZ Z‘bpl oo(pr" ") * d(p2)oo(p? )k x d(py ) oo (P “))
Pt}

{P1P2,mes 11=01,=0 iy=0

Since we have t-terms and for each of them we only have two terms to be variable and the rest are constant
which can be obtained in front of the sum, so by applying this way t-times we obtain that

RHS= > | ) opioolpi ™) Z b(py*)oo(ps> ) Z bpoo(pd )| (32)

{p1p2, Pl \11=0 1,=0

If the first sum in the bracket is denoted by A, then

A= §:¢ ()

1.1 =0
=¢uwaﬁw+¢wm%w?1H~~+wﬁf5%wn+¢mﬁman
=1+ pr+pi+pi+-+pi +py

It can be seen that this is a geometric progression, so we can use its formula here,

1— pa1+1 _pa1+1 1
a;—ipy _ 1
A= §:¢ Hoolp ) = —

This result can be applied to all the t-terms in (3.2), so the RHS will be

(11+1 a2+1 ai+1 t Clrkl
—1 -1 t ; —1
RHS = E (pl P - ptl>: E <| |pl.1>:]_HS
Pt} Pt}

—1 —1 —1
P12, P1 P2 Pt {P1p2,s
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