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ABSTRACT
In their recent study of arithmetic graphs associated with certain arithmetic functions, the authors
have introduced a new class of arithmetic graphs associated with Mangoldt function A(n), n >1,
an integer and studied their basic properties and vertex cover. In this paper the edge cover, edge
domination set, bondage number, non — bondage number and their parameters have been
obtained for these graphs.

Key words: Vertex cover, Edge cover, Edge domination, Bondage number, Non-Bondage
number.
[AMS (MOS) Subject Classification: 68R05]

1. INTRODUCTION

It was during 1850’s, a study of dominating sets in graphs started purely as a problem in the
game of chess. Chess enthusiasts in Europe considered the problem of determing the minimum
number of queens that can be placed on a chess board so that all the squares are either attacked
by a queen or occupied by a queen. A precise notion of a dominating set, that is present in the
current literature can be said to be given by Berge (1962) and Ore (1962) Since then a number of
graph theorists, Allan and Laskar (1978) Allan et al., (1984); Cockayne and Hedetniemi (1977);
Haynes and Slater (1998); Kulli and Sigarkant (1992) etc., have studied various domination
parameters of graphs. In a graph G the entire vertex set V trivially covers every edge of G in the
sense that every edge of G is incident with some vertex of V. In practical problems one may be
interested in a subset of V with minimum cordinality which covers every edge of G. In the same
way a subset of the edge E of G with minimum cordinality which covers every vertex of G plays
a crucial roll. These considerations lead to the concepts of vertex cover, vertex covering number,
edge cover, edge covering number and other domination parameters of a graph, which constitute
the domination theory of graphs. Domination theory of graphs has many applications in
Engineering and Communication Networks. For these applications, the arithmetic graphs
associated with certain number theoretic arithmetic functions like the Euler totient function @(n),
the divison function d(n), the quadratic residue function and the Mangoldt function A(n), n > 1,

an integer come handy. These arithmetic graphs have been studied in detail by Madhavi (2003).
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Maheswari and Madhavi (2008) have studied the basic properties and vertex cover of the
Mangoldt graph associated with Mangoldt function A(n). This paper is devoted for the study of
edge domination of a Mangoldt graph. In this study, we have followed Bondy and Murty (1979);
and Harary (1969) for graph theory and Apostol (1989) for number theory terminology and

notations not explained here.

2. THE MANGOLDT GRAPH AND ITS PROPERTIES
In this section we introduce a new class of arithmetic graph, namely, Mangoldt graph associated
with the Mangoldt arithmetic function 4(n), n > 1 an integer (Apostol, 1989) and briefly outline

its basic properties, whose proofs can be found in Maheswari and Madhavi (2008).

2.1. Definition
Let n > 1 be an integer. The Mangoldt function A (n) is defined as follows:
logp if n=p"™ for some prime p and some m > 1,
A(n) = .
0 otherwise.

The following is the table of the values of A(n) forn=1, 2, ..., 10.
n: 1 2 3 4 5 6 7 8 9 10

AM): 0 log2 log3 log2 log5 O log7 log2 1log3 O

2.2. Definition

Let n > 1 be an integer. The Mangoldt graph M, is defined as the graph whose vertices are the
elements of the set {1, 2, ...., n } and two distinct vertices x, y are adjacent (or( x, y) is an edge)
ifandonly if 4 (x.y)=0orx.yisnot apower of a prime.

The Mangoldt graphs M1, M3, M3, M4, Ms, M7, Mg, Mo and My, are given below:

1 1 2 !
L] L] L] 3 2
Ml M2 M 3
1
] 1
6 2
3 2 5 2
‘: 3
4 5
4
4 3
M, M s Ms
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In Mg there is an edge between 2 and 7; 3 and 8; 4 and 10 since 2x7; 3x8 and 4x10 are not
powers of a single prime and there is no edge between 1 and 2; 2 and 4; 2 and 8, since 1x2; 2x4
and 2x8 are powers of the prime 2. Similarly there is no edge between 1 and 3; 3 and 9 as their
products are the powers of the prime 3.

The following theorem gives a formula for the number of edges in M, which is useful in finding

the non — bondage number of M, in section 4.

2.3. Theorem

Let n > 2 be an integer, p,, p,, Ps,....p, Prime numbers < nand ¢; the largest positive integer
such that p < n. The number of edges € in the graph M, is given by

g="C, —[(*"C,) +(*"'C,) +.crern.. +(*"C,) ]
Proof: M, has n vertices 1, 2, ... , n. The total number of edges that can be formed with these

verticesis "C,. If p, is any prime < n then there is no edge between any pair of vertices among
1, p;, Py P in My . There are (“*'C,) such pairs and the total number of edges of M, is

', ~[(“1C,) +H(“1C,) o H(IC,) 1.
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In Maheswari and Madhavi (2008) the authors have obtained the basic properties of the
Mangoldt graph and studied its vertex domination parameters. For completeness they are stated

below without proofs, which can be found in Maheswari and Madhavi (2008).

2.4. Theorem
For n <5, Ms is a disconnected graph.

2.5. Theorem
For n > 6, M, is neither a bipartite graph nor a tree.

2.6. Theorem

For n > 6, the graph M, is a connected graph.

2.7. Theorem

For n > 10, M, is Hamiltonian.

2.8. Definition

A set S of vertices of a graph G is called a vertex cover of G if every edge of G is incident with
some vertex in S. A minimum vertex cover is the one with minimum cardinality and the
cardinality of a minimum vertex cover of a graph G is called the covering number of G and it is
denoted by £ (G).

2.9. Theorem
Let n > 2 be an integer for every prime p <n, the set

{1,2,... n}={1,pp%...p"| p*<nbutp***>n}
IS a vertex cover and the set

{1,2,...,n}={1,22% ..., 2" | 2'<nbut2'** > n}
is the minimum vertex cover of the Mangoldt graph M,. Further the vertex covering number
B(Mp) = n — (t+ 1), where t is a positive integer such that 2" <n but 2'**>n,

In My the sets {1,2,3 . . ., 10} - {1,2,2%, 2%} = {3,5,6,7,9,10}; {1,2,3, . .. ,10} - {1,3,3%}
={2,4,5,6,7,8,10};{1,2,3, . .., 10} - {1,5} = {2,3,4,6,7,8,9,10} and {1,2,3, . . .10} - {1,7} =
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{2,3,4,5,6,8,9,10} are vertex covers . Among these the set {3,5,6,7,9,10} is the minimum vertex
cover of My and thus its covering number (M) = 6. In the same way one can see that
{1,2, ...,11}-{1,2,22.2°}={3,5,6,7,9,10,11} is the minimum vertex cover of My; and A(M1;) = 7.

2.10. Definition
A dominating set of graph G is a subset D of the vertex set V such that each vertex of V-D is
adjacent to at least one vertex of D. A minimum dominating set is one with minimum

cardinality. The domination number y(G) is the cardinality of a minimum dominating set.

2.11. Theorem
If n > 6, then for each positive integer r <n which is not a power of a single prime, the singleton

set {r} is a minimum dominating set of M, and y (M,) = 1.

2.12. Example
In the graph My, the sets {6} and {10} are the minimum dominating sets and (M) =1. Similarly
{6} and {10} are minimum dominating sets of the graph My; and y(My;) =1

3. EDGE DOMINATION IN MANGOLDT GRAPH
Just as a (minimum) vertex cover in a graph is the set of vertices in G which (minimum
cardinality and) covers every edge of G, a (minimum) edge cover of a graph is the set of edges

(with minimum cardinality and ) covers all vertices of the graph.

3.1. Definition
A set F of edges of a graph G is called an edge cover of G if every vertex of G is incident with
some edge in F. A minimum edge cover is one with minimum cardinality. The number of

edges in a minimum edge cover of G is called the edge covering number of G and it is denoted
by 5 (G).

3.2. Example

The edge sets {(2,3),(4,5),(7,8),(6,1)}; { (2,3), (4,5), (6,7), (8,9), (10,1)} and {(2,3), (4,5), (6,7),
(8,9), (10,11), (6,1)} or {(2,3), (4,5), (6,7), (8,9), (10,11), (10,1)} are respectively minimum edge
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— covers of Mg,Myo and My;. Observe that ' (Mg)=4, £'(M10)=5 and #/(My)= 6. Graphically
they are represented below

8 1 10 1
-
// / g.r 2
i i 2 \\.
/ 4 ) i
6 3 7, 4
/./'
. 6 5
4
Minimum edge — cover of Mg Minimum edge — cover of My,
1 n
10 1 10 —— 1
/
9 / 2 g9 \ 2
| ! |II II
// |II \ 3
8 / I| 3 8
/
7 i7" 4 7 -4
\‘“-._ / e - - ]
6 5 6 5

Minimum edge — covers of My;

3.3. Theorem
If n > 6 the minimum edge cover of the Mangoldt graph M, is given by the set

{(2,3), (4,5),..., (n-4,n=3), (n-1,n), (n-2,1)} ifn=2"and r>1,

{(2,3), (4,5),..., (n—2,n-1), (n,1)}, if n is an even number and n = 2" and

{(2, 3), (4, 5),..., (=1, n), (r,1)}, if nis an odd number and r < n, a positive integer
which is not a power of a single prime .
Proof : Suppose n = 2" where r >1 is an integer. Clearly there is an edge between u and u + 1
for 2<u <n-1. Furthern-2=2"-2=2 (2"*-1) and 2" ~* —1 is an odd number since n >5. So n
— 2 is not a power of a single prime and there exists an edge between n-2 and 1 and
F={(2,3), (4,5), . . .,(n-4, n=3), (n-1, n), (n—-2, 1)}Horms an edge cover of M,. Since the end
vertices of the edges in F are distinct and n is even, | F | = n/2. So n/2 > the cardinality of the

minimum edge covering of M,. Since n is even the number of distinct pairs of distinct vertices is
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n/2 and thus the cardinality of the minimum edge cover of M, is > n/2. These show that F is a
minimum edge cover of M,

If n is an even number which is not a power of 2 then the set of edges F = {(2,3),(4,5), . . ., (n-2,
(n-1), (n,1)}forms an edge covering of M,. As above it can be seen that F is a minimum edge
cover of M,, with cardinality n/2.

If n is an odd number then for any composite number r <n which is not a power of a prime, the
set of edges F={(2,3), (4,5),..., (n-1,n), (r,1)} is an edge cover of M, with cardinality
(*2)(n-1)+1 = (n+1)/2. On the other hand since n is odd, if n vertices of M, are paired into
(n-1)/2 distinct pairs of distinct vertices, one vertex is leftout. So the minimum number of edges
one needs to cover all the vertices of My is (%2) (n-1)+1 = (n+1)/2 = |F| so that F is a minimum
edge cover of M,. n

The following corollary is immediate.

3.4. Corollary

If n > 6, the edge covering number isn/2 ifn=2" r>1ornisevenandn =2"and (n+1)/2 if n
is odd.

Another concept which plays a crucial role in the applications of graph theory is the edge
dominating set. This is the set of edges of a graph G such that every edge of the graph not in

this set is adjacent to atleast one edge of this set.

3.5. Definition
A subset F of the edge set E in a graph G is an edge dominating set of G if each edge of E not in
F (that is in E—F) is adjacent to at least one edge in F. The minimum cardinality among all edge

dominating sets of G is called an edge domination number of G and is denoted by #(G) .

3.6. Example

The edge sets {(3,4), (5,6), (7,8), (9,10)} and {(2,3), (4,5), (6,7), (8,9), (10,11)} respectively
represent the edge dominating sets of Mjp and Mj; and they are represented below by the
thickened lines in the graphs of Mjg and M;;. Edge Dominating sets of Mj, and My; are given

below.
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10 1

MlO Mll

It is evident that y' (M10) = 4 = (10 — 2)/ 2 and that y' (M11) =5 = (11 — 1)/ 2. Observe that 10 is
even and 11 is odd. The following theorem establishes these facts for M, for even and odd

values of n.

3.7. Theorem
The edge dominating set of the Mangoldt graph M, , n >5, is the set of edges
{(3,4), (56), ..., (n-1,n)} if niseven and {(2, 3), (4,5), ... ,(n -L,n)} if nis odd .

Proof: Case 1: Let n be even. Consider the edge set E1={(3,4),(5,6),...,(n—1,n)}.

Let (r, s) eE- E;. If r =1 then s must be a product of powers of at least two distinct primes.

If sis even then (s—1, s) € E; and it is adjacent to (r, s).

If s is odd then (s, s+1) € E; and it is adjacent to (r, s).

If r = 2 then s must be either a prime =2 or a product of distinct primes.

In the first case if s > 2 is a prime then the edge (s, s+1) is in E; and it is adjacent to (r,s). In the
second case if s is a product of distinct primes then (r,s) is adjacent to (s, s+1) in E; when s is
even or adjacent to (s, s+1) in E; when s is odd. So letr >3 and s =r+1. Suppose r is odd. Then
r =2t+1 for some positive integer t and the edge (2t+1, 2t+2) in E; is adjacent with (r, s).
Suppose r is even. Then r =2t for some integer t > 1 and the edge (2t, 2t-1) in E; is adjacent with
(2t, s). In this case E; is an edge dominating set of M,. Any edge in E; is not adjacent to any one
of the remaining edges in E; since, if (i,i+1), (j, j+1), i #] are any two edges in E; then i=]j, j+1

and j =i, i+1. So, if we delete the edge (i, i+1) from E; then the remaining edge set E!=
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Ei—{i, i+1} can not be an edge dominating set since the edge {i, i+1} eE-E!and it is not adjacent
to any of the edges in E!. So, E; is the minimum edge dominating set.

Case 2: Let n be odd. Consider the edge set E; ={(2,3), (4,5),.., (n—1,n)}. Let (r,s) eE-E,. The
case r =2 can be dealtasincase 1. Soletr >2ands =r +1. If r is odd then (r, s) = (2t+1, s) for
some positive integer t and the edge (2t+2, 2t+1) is in E; and this is adjacent with (2t+1, s). If r
is even then (r, s) = (2t, s) for some positive integer t and the edge (2t, 2t+1) is in E; and this is
adjacent with the edge (2t, s). Thus E; is an edge dominating set. As in case 1 one can see that E;

is the minimum edge dominating set.

The following corollary is immediate.

3.8. Corollary
If n > 6, the edge domination number »! (My) is (n =2)/2, if n is even and (n-1)/2, if n is odd.

3.9. Remarks

In Example 3.6 we have drawn the graphs of My and Mj; and indentified their edge dominating
sets and edge domination numbers. But by the Theorem 3.7, one gets the edge dominating set of
M as {(3.4), (7)), ((7.8), (9,10)}, since 10 is even and that of My as
{(2,3),(4,5),(6,7),(8,9),(10,11)} since 11 is odd. Also by the Corollary 3.8, we get y' (M) =
1(10-2)/2 = 4 and y'(MH) = (11 -1)/2 =5. For large values of n one can get these parameters
with the help of these results without drawing the graphs.

4. THE BONDAGE NUMBER OF A MANGOLDT GRAPH
Deletion of a set F of edges from a graph G (retaining the end vertices) may result in increasing
the vertex covering number of G. Among all these sets F, sets with minimum cardinality have

importance and this leads to the concept of bondage number of G.

4.1. Definition
Let F be a set of edges of G such that A\G—F) > 1(G). Then the bondage number b (G) of G is

defined to be the minimum number of edges in F.
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4.2. Example

Consider the graph My. By the Theorem 2.8, y(M1o) = 1. For the edge set F = {(6,10)} the
domination number y(My —F) = 2, since the vertex set {(6,10} is a minimum vertex cover of
Mo —F. So the bondage number b(My) = |F| = 1. The broken line denotes the edge (6,10) in F,
that is deleted from Myo. Graph of My — F is given below.

Graph of Mg - F

The number theoretic lemma given below gives a positive integer N associated with a given

integer n >2. The bondage number of M, is given in terms of N.

4.3. Lemma
Let n >2 be an integer. Let p,, p,,......., p, be the primes <n and let a1,02, . . . a; be the largest
positive integers such that p,“ <'n for 1<'i <t. Then the number N of numbers <n which are

products of more than two distinct prime powers is given by

N=n—-{o+a,+.+a +1}.

Proof : Let n >2 be an integer and let p,, p,,....... , p, be primes <'n and for each 1, let ¢ be the
largest positive integer such that p,“ <n for 1<i <t. Among the numbers 1, 2, 3, ...... , h the
numbers which are powers of the prime i are p,, piz, ....... p,“,1<i <tand the number of such

numbers is ¢;. So the total number of numbers (among 1, 2, 3, ., n), which are powers of a

single prime <nis o, + @, +....+..c¢,. Apart from these the number 1 is also not a power of two

or more distinct prime powers. So the number of numbers less than or equal to n and which are
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products of two or more than two distinct prime powers is N.

4.4. Theorem

For n >6 the bondage number b(M,) is /N/2 /where /N/2 /is the smallest integer > N/2 and N is
the positive integer given in Lemma 4.3.

Proof: Let {m1, m,, ms, ....., my} be the set of all integers <'n which are products of two or more

distinct prime powers and let

= {{(ml, my), (Mg, Mg) , ..., (M1, My}, if Nis even,

{(m1, my), (M3, My), ..., (Mn—2, Mn-1), (Mn, Mi}for some i, 1 <i <N - 1}, if Nisodd.

It is clear that |F| = /N/2 / Consider the graph M,—F. For any prime p; < n,1<7j <t and positive
integer o such that p;“ <'n and for any m;, 1 <'i <N consider the set {m;, p,;”}. The vertex set
V of M, can be written as

V=13 my, my,e, My 3OLR,, PE s P Pas P ey P2 seeess P P PE T
Any vertex r of My is adjacent to p{ if r = mp, 1<h<N and to m; if r = p’. So {mi, pi“} is a

dominating set of M, — F. It is also a minimum dominating set. For, if we delete m. from

{mi, pi"‘} then the singleton set { p;“ } is not a dominating set of M,—F since the vertex pj<n

where y= is not adjacent to p;“and if we delete p;“ from the set S then the singleton set {m, }

Is not a dominating set of M,— F since either m; 4 or m; + 1 is not adjacent with m, depending on

the choice of i.
By the Theorem 2.11, y (My) =1 so that y (My—F ) = 2>1= ®M,). If F;=F{(m,, m;i+ 1)} then it

is easy to see that either the singleton set {m. } or {m; . 1} is a dominating set of (M,—F1) and thus

y (M—F1) = 1= ®M,) or the domination number is not increased. Thus F is a minimum set of

edges of M, such that » (M,—F) > » (M) so that the bondage number b(M,) =/F /= /N/2 [

4.5. Example
Consider the graph Mys given below.
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Mis - F

The primes <15 are 2,3,5,7, 11 and 13. The largest powers a; of these primes such that p;

are respectively 3,2,1,1,1,1 so that
N =15 - (3+2+1+1+1+1+1) =5and /N/2 /= /5/2 /= 3.

Also m; = 6, mp=10, m3 = 12, my = 14 and ms = 15 and F = {(m;,my), (m3,my), (Ms,m;)} =
{(6,10),(12,14),(15,6)}. These edges are marked with dotted lines in the graph of M5 — F,

which is got by deleting these edges from Mys.

Cleary each of the singleton sets {6} or {10} or {12} or {14} or {15} is @ minimum vertex cover

of Mysso that p(Mss) = 1.

The singleton set {6} is not a vertex cover of M35 — F, since 10 and 15 are not adjacent to 6 in

this graph. In the same way each of the other singleton sets are not vertex covers of Mis—F.
However each of the vertex sets {6,2}, {6,4}, {6,8}, {6,9}, {6,5}, {6,7}, {6,11} and {6,13} is a
minimum vertex cover of M;s — F and the cardinality of each of these sets is 2 so that y(Ms — F)

=2>1=1y(M;s). Sothe bondage number b(M;s) = |F|=3. Observe that /N/2 /= 3.

4.6. Remark

One may take F = {(m1,my), (m3,my), (ms,my) = {(6,10), (12,14), (15,10) or F = {(m1,my),
(m3,my), (Ms,m3) = {(6,10), (12,14), (15,12) or F = {(m1,my), (M3,my), (Ms,my) = {(6,10), (12,14),

(15,14)} and still get the same bondage number of M35 — F.

4.7. Remark

Theorem 4.4 gives the formula for bondage number of M, namely, b(M,) = /N/2 /, where N is

the positive integer associated with n given in Lemma 4.3. One need not draw the graph and
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identify the minimum set of edges F such y(M,) < p(M, — F). This formula comes handy for
large values of n for which sketching of the graph M, is unvieldy. Once the value of n is given
one can calculate N and /N/2 /gives b (M,).

4.8. Definition
The non - bondage number b{G) of a graph G is the maximum cardinality among all sets of

edges Fc E such that (G - F) = fG).

4.9. Example

For the Mangoldt graph My, the set F = {(6,1), (6,2), (6,3), (6,4), (6,5), (6,7), (6,8), (6,9), (6,10)}
is a minimum set of edges such y(G) = 1 = y(Mio), where G is the graph (given below) whose
vertex set is {1,2, . .. ,10}and the edge set F, since the singleton vertex set {6} is the vertex cover
of G. So Fl = E — F where E is the edge set of My, is the set with minimum cardinality such that
» (Mo — F!) = »(Myo). Hence the non — bondage number b!(Myo) of My is |F'| = | E - F| = |E] -
|F|. But by the Theorem 2.3

|E| = °C, —(*C,+°C,+°C,+°C,)=34 and |F| = 9.
So bl(Myg) = 34 — 9 = 25. The edge set {(10,1), (10,2), . . . ,(10,9)} in place of F will also yield

the same result. 10 1

In the following theorem we shall denote the graph G with vertex set V and edge set E by
G(V,E).
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4.10. Theorem

For n > 6, the non - bondage number b!(M,) of the Mangoldt graph M, is & —(n-1) where

g is the number of edges of M,,.

Proof: Let V and E respectively denote the vertex set and edge set of M, so that M, = G (V,E).
Suppose E; is the maximum set of edges in G such that » (G (V, E-E1)) = {G). Then b! (M,) =
bl (G) = | E4|. Further E; = E — E; is the minimum set of edges in G such that

AG (V, E2)) = 7(G).
For any composite number r which is a product of more than two distinct prime powers, the set
E,={(r,s)|1<s <n, s =#r} of edges is such that (G (V, E2)) = AG). Since | E; |= n-1 we have
|Edd =|E|-|Ez2|=¢&-(n-1).
The following example gives the importance of the theorem 4.10 in determining the  non —

bondage number of M, for any integer n > 6.

4.11. Example
Consider the graph Mis given in the Example 4.5. By the Theorem 2.3 the number of edges in
M;s is given by e =°C, —(4C2+3C2+2C2+ZCZ+2C2+ZCZ) = 92. So by the Theorem 4.10 the non —
bondage number b!(M;s) is given by

bl (M15) =& - (15-1) =92 -9 = 83.

5. CONCLUSION

In Maheswari and Madhavi (2008) it is shown that the Mangoldt graph M, is Hamiltonian for
n >10. Maheswari and Madhavi, 2009 have obtained formulae for the number of triangles, the
cycles of smallest length and the Hamilton cycles, the cycles of longest length in Cayley graphs
associated with the set of Quadratic residues modulo a prime p. The formula for the number of
triangles in a Mangoldt graph M,. (Maheswari and Madhavi, 2008) is also obtained. So, it is
interesting to find formula for Hamilton cycles in M. Further one may carry out studies on these
arithmetic graphs about other domination parameters li ke independent domination number, total

domination number and others.

© CNCS, Mekelle University 50 ISSN:2220-184X



Madhavi, L and Maheswari,B(MEJS) Volume 3 (1):37-51, 2011

6. ACKNOWLEDGEMENTS
The authors express their thanks to the referees for their critical suggestions which improved the

clarity and cohesiveness of the paper.

7. REFERENCES

Allan, R.B & Laskar, R. 1978. On domination and independent domination number of a graph.
Discrete Math, 23: 73-76.

Allan, R. B., Lasker, R & Hedetniemi, S.T. 1984. A note on total domination. Discrete Math,
49: 7-13.

Apostol, Tom M. 1989. Introduction to Analytic Number Theory. Springer International Student
Edition.

Berge, C. 1962. Theory of Graphs and its Applications. Methuen, London.

Bondy, J.A & Murty, U.S.R. 1979. Graph Theory and related topics. Acad. Press, New York.

Cockayne, E.J & Hedetniemi, S.T. 1977. Towards a theory of domination in graphs, Networks,
7: 247-261.

Harary, F. 1969. Graph Theory. Addision Wesley, Reading Mass.

Haynes, T.W., Hedetniemi, S.T & Slater, J.S. 1988. Fundamentals of Domination in Graphs.
Marcel Decker, Inc.

Kulli, V.R & Sigarkant, S.K.1992. Further results on a neighborhood number of a graph. Indian
J. Pure. Appl. Math., 23: 575-577.

Maheswari, B & Madhavi, L. 2008. Vertex Domination in Mangoldt Graph. Journal of APMS,
1(2):184 — 194.

Maheswari, B & Madhavi, L. 2008. Computing of Triangles in Mangoldt Graphs. Journal of
Pure and Applied Physics, 20 (3): 65 — 169.

Maheswari, B & Madhavi, L. 2009. Enumeration of Triangles and Hamilton Cycles in Quadratic
Residue Cayley Graphs. Chamchuri Journal of Mathemtaics, 1(1):95 — 103.

Madhavi, L. 2003. Studies on domination parameters and Enumeration of cycles in some
arithmetic graphs, Ph.D Thesis, Sri Venkateswara University, Tirupati, India.

Ore, O. 1962. Theory of Graphs. Amer, Math. Soc. Collog., Publ. 38, Providence, 206pp.

© CNCS, Mekelle University 51 ISSN:2220-184X



