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Abstract

A fractal is a mathematical set that typically displays self-similar patterns. The Ter dragon curve is also a fractal in the
family of V3 curve in brain filling curve models. There are many in this family of curves but for my study I have
considered this fractal curve. This fractal has been considered as a graph and the same has been viewed under the
cordial and edge cordial labeling to apply this curve with scope for further study.
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1. Introduction

The root 3 family of curves is one of the families of plane- filling curves. Unlike the fractal curves of the root 2 family,
these curves live in the triangular grid. It has a fractal generator in the triangular grid. It has been found that there are
ten plane-filling curves of the root 3 families. One of them is familiar to fractal as Ter-dragon. Famed Computer
scientist Donald Knuth discovered the Ter-dragon. The beauty of Ter-dragon is, it has point symmetry and its tail looks
like its head and which looks like it lies in its tail. Further, it has been noticed that three copies of the Ter-dragon can be
combined to make a larger one.

The Ter-dragon is the first example of palindrome Curve, that is, a fractal curve which is symmetrical about its center.
Palindrome Dragons have heads that look like upside-down copies of their tails. Based on the Ter Dragon's generator,
we can create an entirely different palindrome curve simply by flipping each of the segments.

Many of its properties were published and discussed more by many scholars. In this paper, our study is to enable the
Cordial, Total cordial, Edge cordial and total edge cordial labeling for the above mentioned Ter-dragon curve. So In this
study, the Ter-dragon curve has been considered as a Graph with number of vertices and edges. The construction of the
graph is also part of the study of properties of the curve.

Furthermore, for our study, the following definitions are to be reintroduced for clear understanding of this paper.

A Graph G =<V, E, y> consists of a non-empty set V called the set of nodes (points, vertices) of the graph, E is said to
be the set of edges (may be empty) of the graph and v is the mapping from the set of edges E to a set of ordered or
unordered pair of elements of V. It would be convenient to write a graph Gas <V, E> or simply as G.

A graph labeling is an assignment of integers to the vertices or edges, or both subject to certain conditions. Many types
of labeling like harmonious, graceful, etc. are used by various researchers [3], [4], [6] in practice. A graph G with g
edges is harmonious if there is an injection f from the vertices of G to the group of integers modulo g such that when
each edge 'xy" is assigned the label |f(x) + f(y)| (mod q), the resulting edge labels are distinct

A graph G with g edges is graceful if f is an injection from the vertices of G to the set f: V — {0, 1... q} such that,
when each edge 'xy' is assigned the label [f(x) - f(y)|, the resulting edge labels are distinct. Eventually, after the
introduction of the concept of cordial labeling by (I. Cahit, [2]) many researchers have investigated graph families or
graphs which admit cordial labeling with minor variations in cordial theme like product cordial labeling, total product
cordial labeling and prime cordial labeling (F. Harary [4]). The brief summary of definitions which is useful for the
present investigations is given below.

Definition 1.1: if the vertices of the graph are assigned values subject to certain conditions, then it is known as graph
labeling.
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For a dynamic survey on graph labeling we refer to (J.A. Gallian, [3]). A detailed study on variety of applications of
graph labeling is reported in (G. S. Bloom, [1]).

Definition 1.2: Let G be a graph. A mapping f: E (G) — {0, 1} is called binary edge labeling of G and f (¢) is called the
label of the edge e of G under f.

For an edge e = uv, the induced edge labeling f*: E (G) — {0, 1} is given by f*(e) =|f (u) — f (v)|. Let vf (0), vf (1) be
the number of vertices of G having labels 0 and 1 respectively under f while ef (0), ef (1) be the number of edges having
labels 0 and 1 respectively under f*.

Definition 1.3: A binary vertex labeling of a graph G is called a cordial labeling if |vf (0) —vf (1) < 1 and
lef (0) —ef (1)| < 1. A graph G is cordial if it admits cordial labeling.

Definition 1.4: Let G be a graph with two or more vertices then the total graph T(G) of a graph G is the graph whose
vertex set is V(G) UE(G) and two vertices are adjacent whenever they are either adjacent or incident in G.

Definition 1.5: A binary edge labeling of a graph G is called an edge cordial labeling if |vf (0) —vf (1) < 1 and
lef (0) —ef (1)| < 1. A graph G is edge cordial if it admits cordial labeling

Definition 1.6: Cahit [2] introduced edge-cordial labeling as a binary edge labelingf: E(G) — {0,1}, with the induced
vertex labeling given by f(v) =Y vegf(uv)(mod2) for each v €V such that |ef (0) —ef (1)] < 1. And
[vf (0) —vf (1) < 1, where ef(i) and vf(i) (i = 0, 1) denote the number of edges and vertices labeled with 0 and 1
respectively.

Definition 1.7: As an extension of the above, we define a total edge-cordial labeling of a graph G with vertex set V and
edge set E as an edge-cordial labeling such that number of vertices and edges labeled with 0 and the number of vertices

and edges labeled with 1 differ by at most 1 (i.e) ‘(vf (0) +e4 (0))—(v]c (1) +es (1))‘31. A graph with a total edge-

cordial labeling is called a total edge-cordial graph.
The present work is focused on cordial and edge cordial labeling of Ter-dragon curve at every iteration.

2. Main results

The construction and its properties are already well investigated by many scholars. Here, we provide the
Pattern of the dragon diagram for the need of further study.
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Fig. 2.1: Construction of Highway Dragon Fractal
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2.1. Cordial labeling for Ter-dragon curve

The pattern of labeling of vertices is easily understandable by seeing the figure (Fig 2.2). The Ter dragon curve joins
and intersects in each iteration developing further. The vertices are numbered 0’s and 1’s to satisfy the condition of
cordial and total cordial in each iteration. It is clearly observed that all the edges having label 0’s are denoted by a tick
mark (V) and correspondingly all edges with 1’s are denoted by a cross mark(x). Hence it satisfies the existence of
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cordial labeling. In each iteration, the similar fashion of labeling is being tried to extend and is followed to check the
existence of cordial labeling and total cordial labeling. Hence, the above fractal holds good for both cordial and total
cordial labeling. The iteration wise no of edges and vertices are provided in the table 2.1. Every iteration values hold
good for the mentioned definitions.

Fig. 2.2: Cordial Labeling For First Few Iterat‘i~ons.A
2.2. Edge cordial labeling for Ter-dragon curve

Similar to the above, the pattern of labeling of edges is easily understandable by seeing the below figure (Fig 2.3). This
fractal graph is labeled with zeros and ones at the edges by a tick mark (V), a cross mark(x) at vertices to distinguish.
Furthermore, the same pattern has been extended to every iteration to fulfill the definition. The definition of edge
cordial labeling satisfies at every iteration. In addition to that, it satisfies Total edge cordial conditions also. The results
provided in the following table hold well for all iterations.

Fig. 2.3: Edge Cordial Labeling For Firstj:ew iterétions.
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The following table gives the detailed results for individual iteration wise number of edges and vertices and the results
hold good for both theories of Cordial and edge cordial labeling. Moreover, this table proves that the results hold good
for Total cordial and total edge cordial labeling too. Since there are more intersecting vertices, by using the induction
method, the number of vertices and corresponding number of 0’s and 1°s is calculated for further iterations.

Table 2.1: Number of vertices and edges

Iterations  No. of Vertices No. of Edges
1 v]=4 and |vf(0)]= |vf(1)|=2 le|=3 and |ef Q)= 1 |ef (1)]=2
2 v|=8 and |vf(0)] = |vf(1)|=4 le|=3%and |ef (0))= 4 |ef(1)=5
3 [v[|=18 and |vf(0)] = |vf(1)|=9 le|=3%and |ef (0)|= 14 [ef (1)|= 15
4 Iv|=44 and |vf(0)| = |vf(1) =22 le|=3*and |ef (0)j= 40 [ef (1)|= 41
5 v|=114 and |vf(0)| = |vf(1)| =57 le| = 3°and |ef (0)|= 121 |ef (1)|= 122
6 [v|=308 and |vf(0)| = |vf(1) = 154 le| =3%and |ef (0)]= 364 |ef (1)|= 365
If nisEven
" V| =44 x "2 forn>4 If nis odd le| = 3"and |ef (0)=L 3" /2]
V=16 X 71 42 forn>3 lef (1)|=L 3" /2] +1

and [vf (0)] = VF(L)= V2

3. Conclusion

In this paper, Ter-dragon has been viewed in the form of a fractal graph with the concept of labeling particularly,
cordial, edge cordial labeling and total cordial, total edge cordial concepts. It is believed that this view of labeling will
lead to further study of this Ter-dragon fractal graph in to other types of labeling in graph and emerging application of
this Ter-dragon curve in the field of Engineering and science. The existence of above mentioned labeling is proved and
the results are provided as detailed in the above table. Hence, it is concluded that the Ter-Dragon curve fractal graph is
cordial, total cordial, edge cordial and total edge cordial.
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