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decryption.

Introduction: In many circumstances, the sender wants to keep the message
private from the public or from unauthorised users. Information is protected
using encryption, and the original message is unlocked using decryption.
Various Techniques are found in literature and further we extend the findings
by combining the Elzaki and Aboodh transforms to encrypt the message and
apply their inverse transforms to decrypt it with the ASCII values under
modulo 255.

Obijectives: In this paper we focused on two stages of encryption and two
stages of decryption under modulo 255.

Methods: Using different transformation techniques, we have encrypted and
decrypted the data. One is Laplace transform technique while the other is
Aboodh-Elzaki transform technique.

Results: The text message is converted to coded message by using both
Laplace transform technique and Aboodh-Elzaki transforms technique.

Conclusions: In the current paper, we present a novel method that encrypts
data using Laplace transform and decrypts it using the private key, which is
under modulo255. The two integral transforms are used to increase the
message's level of security during decryption by selecting a new function
and altering the other elements.
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1.Introduction

The study of encrypted messages is known as cryptography. In many circumstances, the sender
wants to keep the message private from the public or from unauthorised users. Information is
protected using encryption, and the original message is unlocked using decryption. Integral
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transformations have a wide range of uses, especially in the realm of cryptography. The plain text is
encrypted using Laplace transformation, while the cipher text is decrypted using the inverse
transformation. The following references are to literature utilising Laplace and other
transformations.[2],[3],[4].[5].[6].[71.[8].[9],[10]and [11].

Various Techniques are found in literature and further we extend the findings of [1] by combining the
Elzaki and Aboodh transforms to encrypt the message and apply their inverse transforms to decrypt it
with the ASCII values under modulo 255.

2. Definitions:
2.1 Laplace Transformation:
If £(¢) is a function defined for all positive values of t, then the Laplace Transform of f(t) is defined
as:
L{f(©)} =F(s) =[; e f(t)dt,
provided the integral exists. Here the parameter S is a real or complex number and the inverse

Laplace transform is L X{F(s)} = f(¢).
2.2 Some standard results of Laplace transform:

L{1}== L{1y=1

Lt} = L {amt=

L{e"} = — L L yen
L{Ef(O} = ()" Sn F(s) | L oy F(s)} = £°(0) ds

2.3 Elzaki Transformation:
An integral transform defined for the function of exponential order; we consider function in the set E

14}
defined by E = {f(t): Imkyk, > 0>, [f(0)] < me%}

ELFO)] =T =v [} f(De dr.

2.4 Some standard results of Elzaki transform:

E[1]=v? E7v?] =1
E[t"] = n! vnre E—1[vn+2] — ﬁ
n!
v? v?
E at] — E—l — pat
[e] 1—av [1—av] ¢

2.4 Aboodh Transformation:
A function in the set E defined by E = {f(t):3m, ki, k, > 0 >, |f(t)| < me™4}

ALF(O] =T = f; f(De™ dr.

2.5 Some standard results of Aboodh transform:

1 1
Alll=27 | A [ﬁ]zl
1 n

nl] — n -1 _t
A = s | A7 | =
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3. Methods

Method of encryption

e Select the message, M, to be transmitted, then convert it to ASCII format. The message should
remain at n length.

e The message in plain text is structured as a limited series of numbers.

e Write the numbers as the coefficients in f(t).

e [or the above f(t) apply laplace transform say, G (s) = L{f(t)}.

o Letr; = f; mod 255.

o Letk; = fz‘;" where k; is the key.

Method of decryption

e Compose the sender’s ciphertext and key.

e Create a finite numerical sequence from the encrypted text say G;.

o Letf, =255k; +r;.

e Apply inverse laplace transform for G (s) which is obtained in encryption say

LHG(9)} = .

o \Write the coefficients of f(t).
e Convert the coefficients of f(t) into symbols we get the plain text which is sent.

Let us explain the above methodology using some illustrations.

4. Results

Illustration 1: Let the plain text be Mathematician.

Here n = 13. As per the steps mentioned above ASCII values of the plain text are M = 77,
a=97,t=116,h=104,e =101, m=109,a=97,t=116, i =105, c =99, i = 105,
a=97,n=110.

Therefore, plain text finite sequence coefficients are givenas G, = 77,G, = 97, G, = 116,
G; =104,G, = 101,Gs = 109,64 = 97,G, = 116, Gg = 105,69 = 99, Gy, = 105,64 =
97 and G,; = 110.

With r being a constant, write these values as the coefficients in t? coshrt .

The coshrt expansion is

2 4 6 8 10
coshrt =1+ L2 4 0O L UO7 L 007, 0Oy and
2! 4! 6! 8! 10!
24+4 4.6 64+8 8+10 10412
t2coshrt = t2 + 4Lyt rt ottt where r is a constant.
2! 4! 6! 8! 10!

Let us consider
f(t) = ¥~ ,G t* cosht ,wherer=1.

8 20

2 t2 t4 t6 t t10 t12 t14 t16 t18 t

tZZ t24
G —+G —].
11 55 12 54
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t20

[77t2 + 97 + 116 + 104 + 101—+ 109—+ 97—+ 116—+ 105—+ 99 — +
10! 12! 14! 16! 18!

1055 + 975 + 110—].
20! 22! 24!
Apply Laplace transform for f(t)
_ 2 _ 2 t4- t6 t8 th tlZ t14'
L{f ()} = L{t?cosht} = L {77t +975+ 1162 + 1045 + 101+ 109+ 97—+
t16 t18 tZO t22 t24- t26
116—'+ 105—.+ 99—+ 105—|+ 97—|+ 110—|}.

14

S 1092+ 97— 116 — " +

105 +99 "0 +105 oz +97 24! +110

16'519 18!s 21 O's 23 22l's 25 24l's 27
154 1164 3480 5824 9090 14388 17654 27840 32130 37620
= (53 + 55 + S7 + 59 + Sll + 513 + 515 + Sl7 + 519 + 521
48510 53544 71500
523 + 525 + 527 )

Now, find r; such that r; = f; mod 255
Herer, = 154, = 144 ,r, = 165,13 = 214,1r, = 165,r; =108 ,1r, =59,r, =45,
s = O,rg = 135 yTio = 60 y 11 = 249,T12 =100.
154 144 165 214 165 108 0 135 100

= Sttt ottt +—+S +t ot Sttt o

511 513 515 17 Sl9 521 523
The ASCII codes of the above remainders are the encoded message.

fl Ti

Now we find the key k; such that k; = el

Therefore, the key is k;: 0, 4, 13, 22, 35, 56, 69, 109, 126, 147, 190, 209, 280.
Hence, the sender sends the cipher text which is UE NO¥I; -NULZ<ud and the key.
Examine the sent cipher text and key.

Translate the cipher text to finite sequence of numbers.

Let G’y = 154,G'y = 144,G', = 165,G'5 = 214,G°, = 165,65 = 108,64 = 59,
G,=45,6g=0,G9g=135,G"yp=60,G1; = 249,61, = 100.

Using the given key k;and assuming f; = 255k; + G';

Where f, = 255 % 0 +154 =154, f; = 255 x4 +144 = 1164,

fo = 255 % 13 +165 = 3480, f; = 255 * 22 +214 = 5824,

fa = 255 * 35 +165 = 9090, f; = 255 * 56 +108 = 14388,

fo = 255 % 69 +59 = 17654, f;, = 255 * 109 +45 = 27840,

fo = 255 % 126 +0 = 32130, f, = 255 * 147 +135 = 37620,

fio = 255 % 190 +60 = 48510, f;; = 255 * 209 +249 = 53544,
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f12 = 255 x 280 +100 = 71500.

. _vi12 _/f
Now consider G(s) = XnZ, Snis
154 1164 3480 5824 9090 14388 17654 27840 32130 37620 48510 53544
G(S) = 3 + 5 + 7 + 9 + 11 13 15 17 19 + 21 + 23 25
S S S S S S S S S S S S
71500
s27

Apply inverse Laplace transform to G (s)

— —1 (154 | 1164 | 3480 5824 9090 14388 17654 | 27840 32130 37620
L 1{6(5)} =L 1{ 3 + 5 + 7 + 9 11 13 15 17 19 21
N s N s N N N N N s

48510 53544 71500}

+ +

$23 525 s27
£2 4 ¢6 ¢8 £10 £12 14
=154 —+ 1164 —+ 3480 —+ 5824 — + 9090 — + 14388 — + 17654 — +
2! 4! 6! 8! 10! 12! 14!
£16 £18 £20 £22 £24 £26
27840 — + 32130 — + 37620 — + 48510 — + 53544 — + 71500 —
16! 18! 20! 22! 24! 26!

4 ¢6 ¢8 £10 £12 14 £16 £18 £20
=77t>+ 97—+ 116—+104—+ 101— + 109— + 97—+ 116 — + 105— + 99— +
2! 4! 6! 8! 10! 12! 14! 16! 18!

£22 24 £26
105—+97—+110—.
20! 22! 24!

2 tZ t4 t6 tS th t12 t14 t16 t18
= (774975 + 1165+ 1045 + 1015 + 1095 + 975 + 1165 + 1055 + 995 +
2! 4! 6! 8! 10! 12! 14! 16! 18!
105 4 9755 4 1105]
20! 22! 24!1]"

= t2G cosht
= f(®.
Consider the polynomial f(t) coefficients as a finite sequence now.

Go =77,G, =97, G, = 116 ,G5 = 104, G, = 101,Gs = 109, G5 = 97 ,G, = 116 ,Gg =
105,69 :99,610 = 105,611 :97and611 = 110

Finally, finding the original plain text by converting the numbers in the finite sequence above to
alphabets as Mathematician.

Ilustration 2: Further we extend our findings by double encryption and decryption.

Method of encryption

Let the message, M, to be sent be convert it to ASCII value. Let the length of the message be n.
The plain text message is arranged as a finite sequence of numbers.

Let the message be BELIEVE. Here, n = 7. Based on the above steps ASCII values of the message
are B=66,E=69,L=76,1=73,E=69,V =86, E=69.

Therefore, plain text finite sequence coefficients are givenas G, = 66,G;, = 69,G, = 76,
G;=73,G,=69,G5 =86,G5 =69.

Write these numbers as the coefficients in t et
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Let f(t) = X5 ,Git et

3 4 t5 t6 7
t3 t* t> t® t’
f(t)=66t+69t2+76§ +73 30 +69z + 863 + 695

Apply Elzaki transform
3 4 5 6 .
E(f(0} =E{66t+69t2+76 = +73 2 +69 = + 86 = + 69 =],

=66 u® +69 (2% +76 (3D + 73 (4D + 69 (51) 2+ 86 (61) %+ 69 (7) %

= 66 u3 + 138 u* + 228 u® + 292 u® + 345 u’ + 516 u® + 483 u° .

Now, find r; such that r; = f; mod 255

Here, 1, =66 ;r, =138 ;1, =228 ;13=3; 1,= 90, 15 =6; 1, = 228.

Treating *u’ as a variable, apply Aboodh transform

A[E{f()}] = A[66 u3 + 138 u® + 228 u5 + 292 ub + 345 u” + 516 u® + 483 u°].
= 66 — + 138 — + 228 — + 2927 + 345 5 +516-7 + 483 0.

396 3312 27360 210240 1738800 20805120 175271040
+==+ + + .

p5 p6 v7 p8 9 p10 pl1

Now, find r/ such that vy = f; mod 255
Here, r ; : 141 ,252,75,120,210,180,105
The ASCII values for the above remainders is the encrypted message.

Hence, the sender sends the cipher text which is DiKxO’i and the key which arel, 12, 107, 824,
6818, 81588, 687337.

Method of decryption:

Consider the sender’s cipher text and key.

Translate the cipher text to finite sequence of numbers.

LetG'y =396,G"; = 3312,G", = 27360,G'3 = 210240,G’, = 1738800,
G's = 20805120,G’¢ = 175271040

Using the given key k;and assuming f;' = 2551/ + G;

Now consider G(s) = Y¢_, -2

n=0 s2n+3

396 3312 + 27360 + 210240 + 1738800 20805120 175271040

G(s) = A[EF (D) =2 + 22

1. For the above polynomial sequence apply inverse Aboodh transform

7 v8 ) 10 pll
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A_l 396 3312 27360 210240 1738800 20805120 175271040
v5 16 + v7 + ) + 9 + 10 pll

u3 u* us u® u’ u8
= 396 ;+ 3312 I-I_ 27360 ;+ 210240 ?+ 1738800 7-}- 20805120 E-{-
9
175271040 %

= 66u> +138u* +228u>+ 292 u® +345u” + 516 u® + 483 u°.
Now apply inverse Elzaki transform

E7'[66 u® + 138 u* + 228 u® + 292 u® + 345 u” + 516 u® + 483 u°] .
t t2 t3 t* ts t6 t7
=66—+ 138 —+ 228 —+ 292 —+ 345 —+ 516 — + 483 —.
11 21 31 41 51 6! 7!
2 3 4 5 6 7
= 66t+69= +76 = +735 +69 = + 86 % + 69 L.
11 21 31 41 5! 6!

=f(®

Hence, we have the coefficients of the above as G, =66,G, =69,G, =76,G3 =73,G, =
69165 = 86,66 = 69.

Finally, on converting the coefficients to ASCII values we get encrypted text as BELIEVE.
5. Discussion

In the current paper, we present a novel method that encrypts data using Laplace transform and
decrypts it using the private key, which is under modulo255. Further more, to safeguard the
information in the second illustration we used two stages of encryption and two stages of decryption.
The two integral transforms are used to increase the message's level of security during decryption by
selecting a new function and altering the other elements.
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