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Abstract

In order to improve information security, this paper presents a unique algorithm for encoding
and decoding messages utilizing the Catalan Transform of a Weighted Tribonacci Sequence.
Utilizing the Catalan and Tribonacci sequences, the methodology combines the concepts of
number theory and combinatorics to create an effective encryption and decryption process.
First, an array is created by mapping each character in the plaintext message to its
corresponding ASCII value. The ASCII-weighted Tribonacci sequence is then obtained by first
generating a similar Tribonacci sequence. The weighted Tribonacci sequence is encrypted by
performing the Catalan Transform, which results in an encrypted message array. To recover
the plaintext, the decryption method uses the inverse Catalan Transform to recreate the original
ASCII values. The algorithm's use is demonstrated by encrypting and decrypting the message
"CODING" as an example. The method's mathematical rigor is demonstrated by the
computational steps that generate Catalan numbers, Tribonacci numbers, and their
transformations. By changing the k-value, the algorithm's versatility can be extended to k-
Fibonacci sequences, providing more complexity and security. By fusing the structural
characteristics of the Tribonacci and Catalan sequences, the method offers a fresh take on
encryption methods. Results indicate that the suggested technique can improve secure
communication in several applications, especially in settings where strong data security is
required.
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1. INTRODUCTION

Due to the growing demand for networking services, enhancing the performance and security
of information systems has become crucial [1]. Encryption, which relies on coding and
decoding theories, has developed numerous algorithms utilizing different number systems. For
example, Kuloglu et al. developed encryption and decryption algorithms using Pell and
Jacobsthal numbers [2]. In contrast, others have employed approaches such as the Stakhov-
Cassini formula for Fibonacci matrices [3], Prasad’s Lucas P-numbers [4], Sangeetha and
Anupreethi’s centered hexadecagonal numbers [5]. Additionally, Kuloglu and Ozkan explored
Fibonacci polynomials and matrices for cryptographic purposes [6,7].

Classical Fibonacci numbers, the Pell equation, and Tribonacci numbers have become
prominent research interests. Transformations of these number systems, such as the Laplace
transform, wavelet transform, and integral transform, have been effectively applied to encode
and decode messages. For instance, Mudiyanselage and

Ekanayake [8,9,10] employed the Laplace transform for message encryption and decryption,
while Parthasarathy and Srinivasan [11] utilized the wavelet transform to create efficient
cryptographic techniques. Similarly, Mansour et al. developed encryption algorithms using the
SEE integral transform, and Barry [12] explored the

Catalan transform and its inverse in text encryption.

American Standard Code for Information Interchange (ASCII) presents the standard coded
character set for information interchange among information processing systems,
communication systems, and associated equipment. The following table is an ASCII
representation of the English alphabet [13,14].

A|B|CIDIE[F[G[H ]I [J [K]P
65|66|67|6 |69]70|7 |72|73|7 [75]8
8 1 4 0
Q R[s|T|UulvIw[x|Y|z|o]|R
81|82(83|8 [85]86|8 |88|89|9 |81]8
4 7 0 2

Table 1: ASCII code of English alphabets

Building on this foundation, we propose a coding-decoding algorithm based on the

Catalan transforms the weighted Tribonacci sequence.

We organize the paper into three sections. Section 1 introduces the topic, reviews relevant
literature on encryption algorithms, and establishes the perseverance of the paper. In section 2,
we present the background information that helps to understand the research context and
provide the main discussion of encryption and decryption algorithms using weighted Catalan
transform with an illustrative example.

2. MAIN RESULTS

For any positive real number k, the k-Fibonacci sequence, say {Fk'n}nENiS defined recurrently
by:
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Fyn+1 = KFn + Fen-a
for n > 1with initial conditions F, o = 0 and Fj, ; = 1[15].
Kilic [16] defined the Tribonacci sequence forn > 1
Thi1 =Th +Th1 + Ty
Where T, =0,T, =1,and, T, =1
The first few Tribonacci numbers are T = {0,1,1,2,4,7,13,24,44,81,149, ... }

Renault defined “For integers aandb, we define the (a, b) —Fibonaccisequence F as the
sequence with initial conditions F, = 0, F; = 1, that satisfies the general second-order linear
recurrence relationF, = aF,,_; + bF,_,” [9], [17].

From Renault’s definition, let us assume the integers are equal. So, (a, a) —Fibonacci sequence
becomes, F, = aF,_, + aF,,_, = a ). Again, consider the American Standard Code for
Information Interchange (ASCII) code of the English alphabet instead of the coefficient integer
aand the Tribonacci sequence instead of the (a, a) —Fibonacci sequence. Renault’s definition
is then extended to the weighted Tribonacci sequence which is generated by:

Wop=An(T| In—1+Ty 3+ Th3) =A4,T,

Where A,,is the ASCII code of the (n + 1)alphabet in a message andT,,is the Tribonacci
term.

Thus, the Catalan numbers, with the general term C(n), are described by [12]

0 =51 )

The Catalan Sequence is then € = {1,1,2,5,14,42,132, ...}

Catalan transform is typically defined by the formula [10]:

Zn—
T.
ZZn—L ) l
B, —ZCT

where C; isthe it" Catalan number and T; |sthe it"k-Fibonacci number.

which is equivalent to:

Note that we call the transform B,, Catalan transform of a Tribonacci sequence whenever the
sequence T;is the Tribonacci sequence.

2.1 Encoding-Decoding Algorithm
Encryption

The sender will encrypt his message by applying the Catalan transform to the weighted
Tribonacci sequence.

Step 1: Map the characters of the message to their ASCII code and form an array A =
{ag, aq,ay, ...}
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Step 2: Generate a Tribonacci sequence:
Tmi1 =T+ Tm-1 + T
Step 3: Generate the weighted Tribonacci sequence W, by Wy,_, 1. forn > 0 andW, = A,.

Step 4: Find the Catalan transform B,, of W, by:

n
B,= ) GW,;
i=0

The receiver will get an encrypted message B = {b,,}
Decryption

Applying the inverse Catalan transform is mandatory to decrypt a message encrypted by the

Catalan transform.
n-1
1
AN
1=

After obtaining all the A;s and looking back at the ASCII table, the receiver can understand the
meaning of the message he has received.

For a better understanding of the above steps, let's examine the following example:
Example

Suppose the sender wants to send the message “CODING”.

Encryption

The sender will encrypt his message by applying the Catalan transform to the weighted
Tribonacci sequence.

During the encryption and decryption process, we use the Catalan and Tribonacci number
sequences which are given by:

C ={1,1,2514,42,132, ...}
T ={0,1,1,2,4,7,13,24,44,81, ...}
Step 1: Construct the ASCII code table for “CODING”.

C 0] D I N G
67 79 68 73 78 71
Table 2: ASCII code of the characters

Thus, A = {67,79,68,73,78,71}
Step 2: Generate the ASCII-weighted Tribonacci sequence W,_, 1.
W, = A, = 67 W; = A3T; = 73 % 2 = 146
W, =A,T,=79%1=79 W, = A,T, = 78 % 4 = 312
W, = A,T, =681 =68 Ws = AT, =71 %7 = 497
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Hence the ASCII-weighted Tribonacci sequence becomes:
W ={67,79,68,146,312,497}
Step 4: Finally find the Catalan transform B,, of Thy:

n
Bn = Z CiWi
i—0

l
By = CoW, = 1%67 = 67
B, = CoWy + C, W, = 67 + 179 = 146
B, = (C| |0W, + C,W,) + C,W, = 146 + 2 * 68 = 282
Bs = (CoWy + CuWy + C,W,) + CsWs = 282 + 5 % 146 = 1012
B, = (C| [0W, + CiW, + C,W, + CsWa) + C,W, = 1012 + 14 * 312 = 5380
Bs = (C| |0OW, + C,W, + C,W, + CsWa) + C,W, = 5380 + 42 * 497 = 26254

Therefore, the receiver will get B = {67,146,282,1012,5380,26254} instead of the plain text
“CODING”.

Decryption

The receiver can decrypt it by using the inverse Catalan transform.

1 n-—1
A,=—|B, - z W,
n CnTn < n L l l)

A0=W0=67

Ay

= By — CoWp) = 146 — 67 = 79
C1T1(1 0 O)

1
Gl

1
A, (B, — (CoWp + C, W) = > (282 - (67 +79)) = 68

1

3Ty

1

T C,T,

1

 CsTs

From Table 1, we get that A = {67,79,68,73,78,71}is “CODING”. []

3. CONCLUSION

A3

Ay

As

In this study, we ensure message security using the Catalan transform of a weighted Tribonacci
sequence. This Catalan transform coding-decoding algorithm can also be applied for any value
of kof the k —Fibonacci sequence which can increase the computational complexity of the
coding-decoding process by intensifying the k-value of the k-Fibonacci sequence. The
complexity is also dependent on the string length of the message. Moreover, a greater degree
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of variability is introduced by raising the k-value, strengthening the encryption’s resistance to
possible attacks. Because of its flexibility, the system may be scaled to meet varying security
requirements, making it appropriate for a wide range of applications. The sequence
computations are also directly impacted by the string length selection, which introduces even
another level of complexity. This method uses the k-Fibonacci sequence and Catalan
transformations to construct a dynamic framework for secure communication that strikes a
compromise between advanced cryptographic resilience and computational effort.
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