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Topological Properties of few Poly Oxide, Poly Silicate,
DOX and DSL Networks
F. Simonraj and A. George


introduce dominating silicate networks. Silicates are obtained
by fusing metal oxides or metal carbonates with sand.
Essentially all the silicates contain SiO4 tetrahedra.

Abstract—This paper deals with a new interconnection
network motivated by molecular structure of a chemical
compound SiO4. The different forms of silicate available in
nature lead to the introduction of the (DSL) dominating silicate
network. The first section deals with the introduction to
(Resolving number) minimum metric dimension problems, and
few related work about Silicate networks. The second section
introduces and gives an account of the proof to the topological
properties of poly-oxide, poly-silicate, dominating oxide (DOX),
dominating silicate networks, and regular triangulene oxide
network (RTOX). The third section deals with the drawing
algorithm for dominating silicate network, and shown complete
embedding of oxide, silicate network in to dominating oxide,
dominating Silicate network respectively. The fourth section
contains the proof of the minimum metric dimension of regular
triangulene oxide network to be 2.

Fig. 1. SiO4 tetrahedra where the corner vertices represent oxygen ions
and the center vertex the silicon ion.

The corner vertices of SiO4 tetrahedron represent oxygen
ions and the center vertex represents the silicon ion. Graph
theoretically, we call the corner vertices as oxygen nodes and
the center vertex as silicon node. See Fig. 1. The minerals are
obtained by successively fusing oxygen nodes of two
tetrahedra of different silicates. Here ,We study the topological
properties of Poly Oxide ,Poly Silicate , DOX, DSL networks as
it has been studied for other networks[2]-[15]. We study its
structure and properties from the perspective of computer
Science.

Index Terms—Dominating oxide, dominating silicate,
embedding, minimum metric dimension, mesh like
architectures, poly-oxide, poly-silicate networks, topological
properties.

I. INTRODUCTION
A fixed interconnection parallel
architecture
is
characterized by a graph, with vertices corresponding to
processing nodes and edges representing communication
links [15]. Interconnection networks are notoriously hard
to compare in abstract terms [5], [9], [13]. Researchers in
parallel processing are thus motivated to propose new or
improved interconnection networks, arguing the benefits
and offering performance evaluations in different contexts
[2], [4], [5] , [7], [9], [12], [14]. A few networks such as
Hexagonal, Honeycomb, and grid networks, for instance,
bear resemblance to atomic or molecular lattice structures.
Honeycomb networks, built recursively using the hexagon
tessellation [12]-[15], are widely used in computer
graphics [10], [15] cellular phone base station [11]-[15],
image processing[3], [15], and in chemistry as the
representation of benzenoid hydrocarbons [13] and
Carbon Hexagons of Carbon Nanotubes [8]. Hexagonal
networks are based on triangular plane tessellation, or the
partition of a plane into equilateral triangles [4], [11], [14],
[15]. Hexagonal network represents a host cyclotriveratrylene
with halogenated mono carbaborane anions [1] and Silicon
Carbide [15]. Carbon nanotubes consist of shells of sp hybridized carbon atoms forming a hexagonal network,
arranged,
Helically within a tubular motif [1] in this paper, we

A. An Overview of this Paper
The first paper on the notion of a resolving set appeared as
early as 1975 under the name ‗locating set‘[28] . Slater [28],
[29] introduced this idea to determine uniquely the location
of an intruder in a network[31]. Harary and Melter [21] and
Khuller et al. [23] discovered this concept independently and
used the term metric basis. They called the resolving number
as minimum metric dimension. This concept was
rediscovered by Chartrand et al. [30] and also by Johnson [22]
of the Pharmacia Company while attempting to develop a
capability of large datasets of chemical graphs. It was noted
in [20] that determining the minimum metric dimension
problem (resolving number) of a graph is an NP-complete
problem. It has been proved that this problem is NP-hard [23]
for general graphs. Manuel et al. [24] have shown that the
problem remains NP-complete for bipartite graphs. This
problem has been studied for trees, multi-dimensional grids
[23], Petersen graphs [3], torus networks [27], Benes
networks [24], honeycomb networks [25], enhanced hyper
cubes [18], Illiac networks [19] and X-trees[15]. In this paper
We have proved that Minimum metric dimension of Regular
Trianguline Oxide network RTOX(n) is 2. There are many
applications of minimum metric dimension to problems of
network discovery and verification [32], pattern recognition ,
image processing and robot navigation [16], geometrical
routing protocols [33], connected joins in graphs[34], coin
weighing problems[35]

Manuscript received September 17, 2012; revised October 29, 2012.
The authors are with the Department of Mathematics, Hindustan
Institute of Technology and Science, Chennai, India, 603103 (e-mail:
simonr@ hindustanuniv.ac.in, ageorge@ hindustanuniv.ac.in )

B. Properties of Silicate and Oxide Network
A silicate network can be constructed in different ways.
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= 18n2-12n+ 2(6n)
= 18n2
Theorem2.3: The number of nodes in Single Oxide chain
OX( 1, n) is 2n+1 and edges is 3n ,where n is the number
of edges in a row line.

Consider a honeycomb network HC(n) of dimension n.
Place silicon ions on all the vertices of HC(n). Subdivide
each edge of HC(n) once. Place oxygen ions on the new
vertices. Introduce 6n new pendant edges one each at the
2-degree silicon ions of HC(n) and place oxygen ions at the
pendent vertices. See Figure 2(a). With every silicon ion
associate the three adjacent oxygen ions and form a
tetrahedron as in Fig.2(b). The resulting network is a
silicate network SL(n). The parameter n of SL(n) is called the
dimension of SL(n). The graph in Figure 2(b) is a silicate
network of dimension 2[15].

Fig. 4. Single oxide chain OX(1,9) Row line is highlighted with red color.

Theorem2.4: The number of nodes in Single Silicate
chain SL( 1, n) is 3n+1 and edges is 6n ,where n is the
number of edges in a row line.

Fig. 5. Single silicate chain SL(1,9) row line is highlighted with red color.

Fig. 2(a)
Fig. 2(b)
Fig. 2. Construction of silicate network SL(n) from HC(n)

Theorem 1.1: The number of nodes in SL(n) is 15n2 +3n ,
and the number of edges of SL(n) is 36n2 .
When all the silicon nodes are deleted from a silicate
network, we obtain a new network which we shall call as an
Oxide Network. See Fig. 3. An n-dimensional oxide network
is denoted by OX(n).

Fig. 6. Oxide double oxide chain OX(2,9)

Fig. 7. Double silicate chain SL(2,9)

Theorem2.3: The number of nodes in ROX(n) ROX  m, n 
is   m(2n  1)  (n  1)  m  (n  1)   (m  1)   m  2 and
2

II. TOPOLOGICAL PROPERTIES
Theorem2.1: Let G be a simple undirected graph with
γ(G) of vertices and e(G) edges. Let L(G) be the line graph of
G then
1) Number of vertices of L(G) = γ[L(G)] = e(G)
2) Number of edges of L(G) is

2

2

(n  1) m (n  1) (m  1)
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2
2
2
(n  1) m (n  1) (m  1)
= 2mn  m 
 


2
2
2
2
= 3mn  m  n  1 

e[L(G)] = { ∑ [ dG(x)] /2} - e(G). [9]
2

Theorem2.2: The number of nodes in OX(n) is 9n2 +3n
and edges 18n2.
Proof: Let G = H(n). From the drawing algorithm of
silicate /Oxide network, γ [OX(n)] = Number of edges of
HC(n) + Number of pendent edges introduced for HC(n).
= 9n2 - 3n +6n
= 9n2 +3n

 m(2n  1) 

For HC(n), ∑[ dG(x)]2 = (number of vertices of degree 2)
×(22) + (number of vertices of degree 3)×(32)
= 6n×(22) +(6n2-6n) ×(32)
= 24n+54n2-54n
=54n2-30n

(n  1) m (n  1) (m  1)
 

 m  2
2
2
2
2

Fig. 8. ROX(4,9)

Theorem 2.4: For Rectangular silicate RSL(m, n)
(n  1) m
(n  1) (m  1)
  m(3n  1) 
 

 , m  2

e{L(HC(n))} = {∑[ dG(x)]2/2} - e(G)
= {(54n2-30n)/2}-(9n2 -3n)
= 18n2-12n
e(OX(n))

2

edges e=3mn , where m is number of row lines and n is
number of edges in a row line.
Proof: It is easy to see that the number of edges
=3×number of row line ×number of edges in a row line =
3mn.
Number of vertices = Number of edges – Number of
vertices in each row line except corner vertices – number of
vertices linked with other oxide chain.

Fig. 3. An oxide network OX(2)

2
2
2
2
e  6mn Where m is number of row lines and n is number

of edges in a row line.
Proof: Number of nodes = number of nodes in
Rectangular oxide + Centroid vertex of each K3 sub graph.

= e{L[HC(n)]} +2(Number of pendent edge
introduced)
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International Journal of Future Computer and Communication, Vol. 2, No. 2, April 2013

 m(2n  1) 
 m(3n  1) 

(n  1)

2
(n  1)
2



m



(n  1)



(m  1)

= 27n2-21n+6
e[DOX(n)]=Number of bounded face HC(n) × Number of
edges in DOX(1)
= (3n2-3n+1) ×(18)
= 54n2-54n+18.
Theorem 3.2: The number of edges in Dominating
silicate network DSL(n) is 108n2 -108n+36 and nodes is 45n2
-39n+12.
Proof: Number of nodes = Number of nodes DOX(n) +
1×Number of triangle face in DOX(n)
= (27n2-21n+6)+ 6(f-1 in HC(n))
= (27n2-21n+6)+6(3n2-3n+2-1)
= (27n2-21n+6)+18n2-18n+12-6
= 45n2 -39n+12.
Number of edges =3×6×(f-1in HC(n)) + edges in DOX(n)
= 18×(3n2-3n+1) +54n2-54n+18
= 54 n2-54n+18 +54n2-54n+18
= 108n2 -108n+36

 mn

2
2
2
(n  1)
(m  1)
m
 

 m  2
2
2
2

Fig. 9. RSL(4,9)

III. DRAWING ALGORITHM FOR DOMINATING SILICATE
NETWORK (DSL) FROM HC (N)
Step 1: Consider a honeycomb network HC(n) of
dimension n.
Step 2: Subdivide each edge of HC (n) once. Place oxygen
ions on the new vertices.
Step 3: In each hexagon cell, connect the new nodes by an
edge if they are at a distance of 4 units within the cell.
Step 4: Place Oxygen irons to new edge crossings.
Step 5: Removing the nodes and edges of HC (n), we get
Dominating Oxide Network.
Step 6: Place a Silicon node to Centroid of each regular
sub graph K3 of Dominating Oxide network and connect it
with other oxide node in the same K3. Thus we get
Dominating Silicate network.

A. Embedding of Oxide and Silicate in to DOX and DSL
Theorem 3.3: Any Oxide, Silicate network of dimension n
can be embedded in to DOX(n), DSL(n) respectively with
dilation one .

Fig. 13 (a)
Embedding of OX(2) in DOX(2)
Fig. 10(a). Step-1

Fig. 10(b). Step 2

Fig. 11.(a) Step-3

Fig. 11.(b) Step-4

Fig. 13 (b)
Embedding of SL(2) in DSL(2)

Fig.14(a). RTSL(5)

Fig. 14(b). RTOX(5)
X=10=2n Y=10=2n
X=9

Y=9
Y=8

X=8
X=7

Y=7
Y=6

X=6

Y=5

X=5

Y=4
X=4
X=3

Fig. 12(a). DOX(2)
Step-5

Fig. 11(b). DSL(2)
Step-6

Y=3
Y=2
Y=1

X=2
X=1

Y=0
X=0

Theorem3.1: The number of nodes in Dominating Oxide
network DOX (n) is 27n2 -21n+6 and edges is 54n2-54n+18.
Proof: From the constructing of Dominating Silicate
network,
γ [DOX(n)] = Number of edges in HC(n)+Number of new
vertices
= e[HC(n)]+6 (f-1)(Each bounded dual of HC(n) we add 6
nodes)
= 9n2-3n +6(3n2-3n+2-1)
= 9n2-3n+18n2-18n+6

Y=-1

(5,7)

X=-1

(-1,10)

(10,-1)

A

(1,7)

(7,1)

B

Fig. 15. Coordinate system for RTOX(5)

Theorem 3.4: The number of nodes in Regular
Triangulene Oxide network RTOX(n) is(3n2 +9n+2)/2 ,
edges is 3n2 +6n , and triangle face is n2 +2n where n is
number of row lines .
Proof : Number of vertices= number of vertices lies in row
92
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line and not lies in row line .
= [ 1+2+3+…+(n+1)]+[4+6+8+…+2(n+1)]
= [ 1+2+3+…+(n+1)]+2[1+2+3+…+(n+1)]-2
= 3[ 1+2+3+…+(n+1)]-2
= 3[(n+1)(n+2)/2]-2
= (3n2 +9n+2)/2.

greater than one. In order to exhibit a metric basis of
cardinality 2, we require the concept of neighborhood of a
vertex. Let V be the vertex set of Triangulene oxide network.
An r – neighborhood of a vertex v is is defined by ,
Nr  v  

u V

: d  u, v   r 

Number of edges = 3× Number of edges in a row lines
= 3×[3+ 5+7+…+ (2n+1) ]
= 3×[1+3+ 5+7+…+ (2n+1) ]-3
= 3×(n+1)2-3
= 3×[ n2 +2n+1]-3
= 3n2 +6n+3-3
= 3n2 +6n
By Euler‘s formula for planar graph,
Face (f) = Number of Edges (e) - Number of Vertices(γ) +
A

2
2

2

= (3n +6n) -(3n +9n+2)/2 +2
= (3n2 +3n+2)/2

B

Fig. 17. Neighborhood of a vertex A and vertex B

Note:

Triangle face = (f-1)-Hexagon face
= (f-1)-[1+2+3+…+(n-1)]
= {[(3n2 +3n+2)/2]-1}-[n(n-1)/2]
= [3n2 +3n+2-2-n(n-1)]/2
= (3n2 +3n-n2 +n)/2
= n2 +2n.

1) Nr(A) are vertices connected by green and red line

Theorem 3.5: The number of nodes in Rhombus Oxide
network RHOX (n) is 3n2 +2n and edges is 6n2 where n is the
number of corner vertices in a side.

Fig. 16. RHOX(4)

Proof: Number of vertices = 2*(Number of vertices
above diagonal line) + number of vertices lies in diagonal
line
=2×{2n+ (2n-2) +(2n-4)+…+[2n- (2n-2)]} +2{1+2+3+…+(n-1)}
+n

=2×{2n +2n(n-1)-2[1+2+3+…+(n-1) ] +2×[(n-1)n/2] +n
= 2×{2n+2n2-2n -2×(n-1)n/2 } +n2- n +n
=4n2-2(n2-n)+ n2
=3n2+2n.
Number of edges
= 2×3×{(2n-1)+ (2n-3)+(2n-5)+…+2[2n-(2n-1)]}
= 6×{2n×n –[(1+3+5+…+(2n-1)]}
= 6×{2n2-n2}
= 6n2

segments.
2) Nr(B) are vertices connected by dark black and
blue line segments.
We denote by Px, a segment of an X-line consisting of
points (x, y), with x coordinate fixed.
That is line segments
Px = { (x0, y) / y1 ≤ y ≤ y2}, x > 0
Similarly,
Py = { (x, y0) / x1 ≤ x ≤ x2}, y > 0
Px=0 = { (0, 2n-1)}
Py=0 = { (2n-1,0)}
Lemma 1: In any Regular Triangulene Oxide network, for
1≤ r ≤ 2n+1.

For r is even and less than 2n.
1) Nr(A) = Px= r-1 - { (r-1,2n), (r-1, 2n-r-1)}
2) N2n(A) = Px= 2n-1 - { (r-1, 2n-r-1)}
3) Nr(B) = Py= r-1 - { (2n,r-1), (2n-r-1, r-1)}
4) N2n(B) = Py= 2n-1 - { (2n-r-1, r-1)}
5) N1(A) = Px= 0 - { (r-2,2n)}
6) N1(B) = Py= 0 - { (2n, r-2)}

For r is odd and less than 2n+1
1) Nr(A) = Px= r-1  { (r-2,2n), (r-2, 2n-r)}
2) N2n+1(A) = Px= 2n  { (r-2, 2n-r)}
3) Nr(B) = Py= r-1  { (2n,r-2), (2n-r, r-2)}
4) N2n+1(B) = Py= 2n  { (2n-r, r-2)}.
Proof: For 1≤ r ≤ 2n-1 and xi (xi = -1, 1, 3, 5…, 2n-3)is
odd and less than 2n-1,
Px  xi    xi , 2n  s  / s  0,1, 2,3, xi  2 
Px=2n-1 = { (xi ,2n-s ) / s=1,2,3…, 2n+1 }
For xi is even (xi =0,2,4,…,2n-2)

Px  xi 
Px  2n 

IV. MINIMUM METRIC DIMENSION OF REGULAR
TRIANGULATE OXIDE NETWORK

Py  yi 

Now let us prove that the Minimum metric dimension of
Triangulene oxide network is 2. It is interesting to learn that
[16] a graph has metric dimension 1 if and only if it is a path.
Therefore metric dimension of Triangulene oxide network is

  x , 2n 1  t  / t  0, 2, 4...x 
i

i

  x , 2n 1  t  / t  2, 4, 6,, 2n 
  2n  s, y  / s  0,1, 2,3, y  2 

Py  2n 1 

i

i

 2n  s , yi )

i

/ s  1, 2,3, 2n  1 

For yi is even (yi =0, 2, 4,…, 2n-2)
Py  yi 
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i
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Py=2n = { 2n-1-t , yi) / t=2,4,6,…, 2n },
Hence the lemma1.
Lemma 2: For any r1 and r2, Nr1  A  Nr2  B  is either

union of Nr(A), r=1, 2,…,2n+1]. Thus u and v are as in case
3.Hence {A, B} is metric basis for Regular Triangulene
Oxide network. Thus ,We have proved the following
theorem.
Theorem 4.1: Minimum metric dimension of Regular
Triangulene Oxide network of dimension n is 2.

empty or singleton set.
Proof: Suppose the theorem is wrong, that is there exist
two distinct vertices u(x1, y1) and v(x2, y2) such that u and v
belongs to Nr1  A  Nr2  B  , implies u(x1, y1) , v(x2, y2)
belong to N r1  A and N r2  B  . Without loss of generality,

V. CONCLUSION

let us assume that r1, r2 are even numbers. Now u(x1, y1), v(x2,
y2) belong to N r1  A implies, clearly u and v lies in Px= r1-1,

In this paper, We have proved that the Minimum metric
dimension of Regular Triangulene Oxide network is 2.
Research work has been continued to derive new architecture
from Dominating Silicate network to study various
topological properties and solve problems like Minimum
metric dimension of Networks and Embedding of Networks
in to regular Networks.

and therefore the ― x” - co ordinates of u and v are r1-1. That
is x1= r1-1, and x2= r1-1. Then u and v can be represented by
u(r1-1, y1), v(r1-1, y2)

(1)

Now u(x1, y1), v(x2, y2) belongs to N r2  B  implies, clearly

SYMBOL INDEX

u and v lies in Py =r2-1, and therefore the ―y‖- co ordinates of
u and v are r2-1.
That is y1= r2-1, and y2= r2-1. Then u and v can be
represented by
u(x1, r2-1), v(x2 , r2-1)

γ(G): Number of nodes(vertices) in a graph G.
e(G): Number of edges in a graph G.
K3: Complete graph on 3 nodes.
: Roof of , i.e. the smallest integer greater than or
equal to .
: Floor of , i.e. the largest integer less than or Equal to
.

(2)

From the equation (1), (2) and unique representation of u
and v implies x1= x2 and y1= y2 , implies u =v, which is a
contradiction to initial assumption that u and v are distinct.
Hence lemma 2.
Corollary3: Let u=(x1,y1), v=(x2,y2) be vertices of Regular
Triangulene Oxide network , x1≠ x2, y1≠ y2 then
Nr1  A  Nr2  B  contains at most one of u and v.

A Special thanks from the Authors to the referees whose
vigilant reading has greatly improved the eloquence and
conciseness of the presentation.

Proof: Suppose both u and v belongs to
Nr1  A  Nr2  B  , then it is contradiction to lemma2. Now

REFERENCES

ACKNOWLEDGMENT

R. Ahmad, A. Franken, J. D. Kennedy, and M. J. Hardie, ―Group
1Coordination Chains and Hexagonal Networks of Host
Cyclotriveratrylene with Halogenated Monocarbaborane Anions,‖
Chemistry, vol. 10, no. 9, pp. 2190-2198, May 3, 2004.
[2] B. Parhami, D. M. Kwai, and S. Barbara, ―A Unified Formulation of
Honeycomb and Diamond Networks,‖ IEEE Transactions on Parallel
and Distributed Systems, vol. 12, no. 1, pp. 74-80, Jan 2001.
[3] S. B. Bell, F. C. Holroyd, and D. C. Mason, ―A Digital Geometry for
Hexagonal Pixels,‖ Image and Vision Computing, vol. 7, pp. 194-204,
1989.
[4] C. Decayeux and D. Seme, ―3D Hexagonal Network Modeling,
Topological Properties, Addressing Scheme, and Optimal Routing
Algorithm,‖ IEEE Transactions on Parallel and Distributed Systems,
vol. 16, no. 9, pp. 875-884, 2005.
[5] K. Day, ―A Comparative Study of Topological Properties of
Hypercubes and Star Graphs,‖ IEEE Transactions on Parallel
and Distributed Systems, vol. 5, no. 1, pp. 31-38, 1994.
[6] A. Gamst, ―Homogeneous Distribution of Frequencies in a Regular
Hexagonal Cell System,‖ IEEE Transactions on Vehicular
Technologies, vol. 31, pp. 132-144, 1982.
[7] H. R. Tajozzakerin and H. S. Azad, ―Enhanced – Star a New Topology
Based on the Star graph,‖ LNCS, vol. 3358, pp. 1030-1038, 2005.
[8] H. Zhu, K. Suenaga, J. Wei, K. Wang, and D. Wu, ―Atom-Resolved
Imaging of Carbon Hexagons of Carbon Nanotubes,‖ J. Phys. Chem. C,
vol. 112, no. 30, pp. 11098-11101, 2008.
[9] J. Xu, ―Topological Structure and Analysis of Interconnection
Networks,‖ Kluwer Publishers, 2001.
[10] L. N. Lester and J. Sandor, ―Computer Graphics on Hexagonal
Grid,‖ Computer Graphics, vol. 8, pp. 401- 409, 1984.
[11] G. Nocetti and S. J. Zhang, ―Addressing and Routing in Hexagonal
Networks with Applications for Tracking Mobile Users and
Connection Rerouting in Cellular Networks,‖ IEEE Transactions On
Parallel And Distributed Systems, vol. 13, no. 9, pp. 963-971,
September 2002.
[1]

we shall prove
{A, B} is a metric basis for Regular Trianglulene Oxide
network.
Case1:
If u and v lies in N r1  A (3)
and d(x ,y) denotes the distance between x and y.
then d(u , A)=d(v , A) . Let us prove d(u , B )≠ d(v , B)
Suppose d(u , B)=d(v , B) then there exist N r2  B  such
that ,
u and v lies in N r1  B  (4)
from equation (3) and (4)
u and v belongs to Nr1  A  Nr2  B  , which is a
contradiction to corollery3. Thus d(u , B )≠ d(v , B).
Case 2:
Similarly we can prove d(u , A )≠ d(v , A) if u and v lies in
N r1  B  .
Case 3:
If u  Nr1  A , and v  Nr2  B  , it is clear that d(u ,
A )≠ d(v , A). Similarly we can show d(u , B )≠ d(v , B) if
u  N r  B  , v  N r  A .
1

2

Case 4:
If u  Nr1  A , and v  Nr2  B  then there exist N r3  A
such that v  Nr3  A [Since the vertex set V is the disjoint
94

International Journal of Future Computer and Communication, Vol. 2, No. 2, April 2013
[28] P. J. Slater, ―Leaves of trees,‖ Congr. Numer, vol. 14, pp. 549–559,
1975.
[29] P. J. Slater, ―Dominating and reference sets in a graph,‖ Journal of.
Math. Phys. Sci., vol. 22, no. 4, pp. 445–455, 1988.
[30] G. Chartrand, L. Eroh, M. A. Johnson, and O. R. Oellermann,
―Resolvability in graphs and the metric dimension of a Graph,‖
Discrete Applied maths, vol. 105, pp. 99–113, 2000.
[31] B. Rajan, S. K. Thomas, and M. C. Monica, ―Conditional Resolvability
of Honeycomb and Hexagonal Networks,‖ Journal of Mathematics in
computer Science, vol. 5, no. 1, pp. 89-99, 2011.
[32] Z. Beerliova, F. Eberhard, T. Erlebach, A. Hall, M. Hoffman, and M.
Mihal‘ak, ―Network discovery and Verification,‖ IEEE Journal on
selected areas in communications, vol. 24, no. 12, pp. 2168-2181,
2006.
[33] K. Liu and N. A. Ghazaleh, ―Virtual Coordinate Backtracking for Void
Traversal in Geographic Routing,‖ Networking and Internet
Architecture, 2006.
[34] A. Sebo and E. Tannier, ―On Metric Generators of Graphs,‖
Mathematics of Operation research, vol. 29, no. 2, 2004, pp. 383-393.
[35] S. Soderberg and H. S. Shapiro, ―A Combinatory Detection problem,‖
Amer. Math. Monthly, vol. 70, 1963, pp. 1066-1070.

[12] I. Stojmenovic, ―Honeycomb Networks Topological Properties and
Communication Algorithms,‖ IEEE Trans. Parallel and Distributed
Systems, vol. 8, pp.1036-1042, 1997.
[13] R.Tosic, D. Masulovic, I. Stojmenovic, J. B. N. Brunvoll, and S. J.
Cyvin, ―Enumeration of Polyhex Hydrocarbons up to h = 17,‖
Journal of Chemical Information and Computer Sciences, vol. 35,
pp.181-187, 1995.
[14] W. Xiao and B. Parhami, ―Further Mathematical Properties of Cayley
Digraphs Applied to Hexagonal and Honeycomb Meshes,‖ Discrete
Applied Mathematics, vol. 155, no. 13, pp. 1752-1760, 2007.
[15] P. Manuel and I. Rajasingh, ―Topological Properties of Silicate
Networks,‖ in Proc. of 5th IEEE GCC Conference, Kuwait, March,
16-19, 2009.
[16] S. Khuller, B. Ragavachari, and A. Rosenfeld, ―Land marks in Graphs,‖
Discrete Applied mathematics, vol. 70, pp. 217-229, 1996.
[17] B. Rajan, I. Rajasingh, J. A. Cynthia, and P. Manuel, ―On Minimum
Metric Dimension,‖ in Proceedings of the Indonesia-Japan
Conference on Combinatorial Geometry and Graph Theory, 2003.
[18] B. Rajan, I. Rajasingh, M. C. Monica, and P. Manuel, ―Metric
dimension of enhanced hypercube networks,‖ Journal Combin. Math.
Combin. Comput, vol. 67, pp. 5–15, 2008.
[19] B. Rajan, I. Rajan, P. Venugopal, and M. C. Monica, ―Minimum
metric dimension of illiac networks,‖ Ars Combin.
[20] M. R. Garey and D. S. Johnson, ―Computers and Intractability,‖ A
Guide to the Theory of NP-Completeness,‖ Freeman, New York,
1979.
[21] F. Harary and R. A. Melter, ―On the metric dimension of a Graph,‖ Ars
Combin, vol. 2, pp. 191–195, 1976.
[22] M. A. Johnson, ―Structure-activity maps for visualizing the graph
variables arising in drug design,‖ Journal of Biopharm, pp. 203–236
1993.
[23] S. Khuller, B. Ragavachari, and A. Rosenfield, ―Landmarks in Graphs,‖
Journal of Discret Appl. Math, vol. 70, no. 3, pp. 217–229, 1996.
[24] P. Manuel, M. I. A. E. Barr, I. Rajasingh, and B. Rajan, ―An Efficient
Representation of Benes Networks and its Applications,‖ Journal of
Discrete Algorithms, vol. 6, no. 1, pp. 11–19, 2008.
[25] P. Manuel, B. Rajan, I. Rajasingh, and M. C. Monica, ―On minimum
metric dimension of honeycomb networks,‖ Journal of Discret.
Algorithms, vol. 6, no. 1, pp. 20–27, 2008.
[26] P. Manuel, B. Rajan, I. Rajasingh, and M. C. Monica, ―Land marks in
binary tree derived architectures,‖ Ars Combin, vol. 99, pp. 473–486,
2011.
[27] P. Manuel, B. Rajan, I. Rajasingh, and M. C. Monica. ―Landmarks in
Torus Networks,‖ Journal of. Discret. Math. Sci. Cryptograph, vol. 9,
no. 2, pp. 263– 271, 2006.

F. Simonraj received BSc, MSc, Mphil, degrees in
2002, 2004, and 2006 respectively from university of
Madras. He joined in Hindustan group of Institutions
in September 2005. He has seven years of teaching
experience in Engineering Colleges. His research
interests are Graph Theory application, combinatorial
algorithms, Ad Hoc Networks.

A. George received PhD degree from IIT Madras,
India. He joined in Hindustan Group of Institutions,
Chennai, India in 2001. Currently he is working as a
Professor in the department of Information
Technology. He has more than 15 years of teaching
experience in Engineering Colleges. His research
interests are Graph Theory application, combinatorial
algorithms, Ad Hoc Networks.

95

