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Abstract: A graph G is said to be (1, N)-Arithmetic (where N is a positive integer) if there is a function f from the vertex set of G

to {0, 1, N, (N + 1), 2N, (2N + 1), . . . , N(q− 1), N(q− 1) + 1} in such a way that (i) f is 1− 1 (ii) f induces a bijection f∗

from the edge set of G to {1, N +1, 2N +1, . . . , N(q− 1) + 1} where f∗(uv) = |f(u)− f(v)|. In this paper we investigate
the experimental results and point out that the new image scrambling method established on (1, N)-Arithmetic labelling

of tree can deliver a high level security owing to the strong anomaly of sorting transformation.
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1. Introduction

The field of Graph theory plays a vital role in various fields. One of the most important areas in graph theory is Graph

Labelling which is used in many applications like coding theory, x-ray crystallography, radar, astronomy, circuit design,

communication network addressing, data base management [5, 6]. Information security plays a vital role in all communication

fields where the data has to be secured from eavesdropper [10]. Information hiding is a technique to hide the data which

is classified into steganography and watermarking. The main objective of steganography is un-delectability, robustness

and ability to retrieve back the full original data. Now-a day’s image scrambling technique draws a great attention as it

is used to protect the data by scrambling the image in confusable or disordered format. This paper gives an overview of

(1, N)-Arithmetic of graphs in heterogeneous fields to some extent but mainly focuses on the multimedia and communication

networks.

A.Rosa [18] in 1967 introduced graceful labelling. A function f is called a graceful labelling of a graph G with q edges if f is

an injection from the vertices of G to the set {0, 1, 2, . . . , q} such that, when each edge xy is assigned the label |f(x)− f(y)|,

the resulting edge labels are distinct. In 1991, R. B. Gnanajothi introduced Odd graceful labelling [13]. A graph G with q

edges is said to be an Odd graceful if there exists an injection f : V (G) → {0, 1, 2, . . . , 2q − 1} such that when each edge

xy ∈ E(G) is assigned the label |f(x)− f(y)| the resulting edge labels are {1, 3, 5, . . . , 2q− 1}. In 2002, C. Sekar introduced

one modulo three graceful labelling [21]. A graph G is said to be one modulo three graceful if there is a function f from the

vertex set of G to {0, 1, 3, 4, . . . , 3(q−1), 3q−2} in such a way that (i) f is 1−1 (ii) f induces a bijection f∗ from the edge set
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of G to {1, 4, 7, . . . , 3q−2} where f∗(uv) = |f(u)−f(v)|. V.Ramachandran and C.Sekar [19] generalize these three concepts

as one modulo N graceful labelling of graphs where N is any positive integer. V.Ramachandran and C.Sekar introduced [20]

(1, N)-Arithmetic graph. A graph G is said to be (1, N)-Arithmetic (where N is a positive integer) if there is a function f

from the vertex set of G to {0, 1, N, (N + 1), 2N, (2N + 1), . . . , N(q− 1), N(q− 1) + 1} in such a way that (i) f is 1− 1 (ii) f

induces a bijection f∗ from the edge set of G to {1, N + 1, 2N + 1, . . . , N(q − 1) + 1} where f∗(uv) = |f(u)− f(v)|. In the

case N = 2, the labelling is odd graceful and in the case N = 1 the labelling is graceful.

Joseph A. Gallian [12] surveyed numerous graph labelling methods. B. D. Acharya and S. M. Hegde introduced (k, d)-

arithmetic graphs. A (p, q)-graph G is said to be (k, d)-arithmetic if its vertices can be assigned distinct nonnegative integers

so that the values of the edges, obtained as the sums of the numbers assigned to their end vertices, can be arranged in

the arithmetic progression k, k + d, k + 2d, . . . , k + (q − 1)d. Putting k = 1 and d = N , a (k, d)-arithmetic graphs can be

called as (1, N)-Arithmetic graphs. Let us assign the values from {0, 1, N, (N + 1), 2N, (2N + 1), . . . , N(q− 1), N(q− 1) + 1}

to the vertices of G through the function f : V (G) → {0, 1, N, (N + 1), 2N, (2N + 1), . . . , N(q − 1), N(q − 1) + 1}. In

this situation the induced mapping f∗ to the edges is given by f∗(uv) = f(u) + f(v). If the values of f(u) + f(v) are

1, 1 + N, 1 + 2N, . . . , 1 + N(q − 1) all distinct, then we call the labelling of vertices as (1, N)-Arithmetic labelling. In case

if the induced mapping f∗ is defined as f∗(uv) = |f(u) − f(v)| and if the resulting edge labels are distinct and equal to

{1, 1 + N, 1 + 2N, . . . , 1 + N(q − 1)}. We call it as one modulo N graceful.

2. Main Results

For the digital image I of size P*Q pixels, we make use of (1, N)-Arithmetic labelling of tree for the purpose of image

scrambling. In order to enhance the safety concert of the image encryption process, positions of Pixels in the original image

is shuffled based on (1, N)-Arithmetic labelling is the consignment of labels which is characterized by integers to the point

of intersection. (1, N)-Arithmetic numbering of tree is known as (1, N)-Arithmetic labelling of tree. One modulo N tree

can be gracefully labelled in which prompted labels are all dissimilar, which is shown in figure.

Figure 1. (1, 5)-Arithmetic labelling

By creating (1, N)-Arithmetic trees we can scramble the images in which the pixels are reflected as set of points.

V0 V1 V2 V3

V4 V5 V6 V7

V8 V9 V10 V11

V12 V13 V14 V15

Table 1. Image of size 4*4 pixels

The start node is a node ‘XY’ as V0 and ‘T’ as V1. The start node has 2 child nodes left [L] and right [R] and their

corresponding sub-child respectively. Here we represent the pixels in an image as V2 & V3.
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The pixel (V4) is placed at node LL and the consecutive pixels (V8) and (V9) are placed at LLL and LLR. The pixel (V5) is

placed at LR and the consecutive pixels (V10) and (V11) are placed at LRL and LRR. The pixel (V6) is placed at node RL

and the consecutive pixels (V12) and (V13) are placed at RLL and RLR. The pixel (V7) is placed at RR and the consecutive

pixels (V14) and (V15) are placed at RRL and RRR. The shuffling of pixels is done in tree diagram.

7N+1 0 1 5N+1

N 2N 3N 4N

2N+1 3N+1 4N+1 10N+1

11N+1 8N+1 9N+1 6N+1

Table 2. Final location of pixels

Final scrambled sequence obtained as a result of the proposed method represents the 4*4 pixels. The above mentioned

method of image scrambling may provide better scrambling results. This image scrambling method based on (1, N)-

Arithmetic labelling of trees proves to be difficult for the eavesdropper to decode the sequence which in turn improves

the security to higher level for any number of images. We can consider image I corresponds to graceful labels, image II

corresponds to odd graceful labels, image III corresponds to one modulo 3 graceful labels and so on.

Figure 2. (1, 5)-Arithmetic labelling

Similarly by creating (1, N)-Arithmetic ladder we can scramble the images in which the pixels are reflected as set of points.

Figure 3. (1, 2)-Arithmetic labelling of L7
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3. Methodology

A worthy encryption method should be strong against all kinds of cryptanalytic, statistical, differential and brute-force

attacks. Figure shows the experimental method of proposed image scrambling scheme established on (1, N)-Arithmetic

labelling tree and ladder graph.

4. Conclusion

The results point out that the scrambled image cannot be decrypted correctly until the method has been known by eaves-

dropper, thus being awkward to decrypt the scramble image. This image scrambling method enhance the outcome of the

scrambling which proves to be difficult for the eavesdropper to decode the sequence and making the system to afford a high

level of security for many number of images. The experimental results show that the process is effective to scramble the image

and can afford high security. Researches may get some information related to (1, N)-Arithmetic labelling and its applications

in communication field and can get some ideas related to their field of research. In this paper, a new enhanced approach

for image security using image scrambling scheme based on (1, N)-Arithmetic labelling of tree is proposed. The main aim

of this proposal is to explore role of (1, N)-Arithmetic labelling in multimedia and network technology. (1, N)-Arithmetic

labelling is powerful tool that makes things ease in various fields of networking as said above.
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