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ABSTRACT

Cryptography is very useful in a communication system for authentication and privacy. It affects many activities in our life. In this paper, we
developed a new technique for cryptography using Elzaki and Laplace transforms. Further, we apply the method of iteration for better security.
On the other hand, we apply inverse Laplace transform and then inverse Elzaki transform for decryption. Due to the use of iterations, the level of

security increases, and the method is more applicable
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Introduction

In the world most of the peoples use the internet for the
transaction, sharing useful information using e-mail, online
payment, business, video conferencing, online shopping,
etc. and for all such activities, security is essential. For this
security purpose, cryptography is useful. Cryptography is
useful to hide private information such as documents, ATM
passwords, transaction passwords, etc. and communicate in
such a way that the only recipient understands the message.
Various methods of cryptography are found in the literature.
G. Naga Lakshmi, [3] gave the method of cryptography by
using Laplace transform, Hiwarekar A. P., [5], [6], [7]
developed various methods for encryption and decryption
using series expansion and it's Laplace transform,
MampiSaha, [10] gave the method of cryptography using
Laplace-Mellin transform, Chitra P. L., [12] defined method
of encryption using wedges algorithm, etc.

Definitions And Standardresults
A Exponential order

A function F(t) is said to be of Exponential order a, as
t — oo if there exist positive constants M and K such that

|F(t)|< Ke™ forall t>M .

B. Piecewise Continuous Function

A function F(t) is said to be piecewise continuous on the
interval | =[c,d] if it is defined and continuous on

interval | except a finite number of points, t;, t,,...,t at
each of which the left and right limits of this function exist.
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C. Laplace Transform

IfF(t)is function of t>O0then, Laplace transform of
F(t) is defined as,

L{F (1)} = f (s) = [e*F (). 0

Provided integral in (1) exists.Where L is a Laplace
transform operator.

If the function F(t) is piecewise continuous on [0, o0)
and of exponential order ¢ then Laplace transform
exists for Re(S) > « . Also,

n n!
a) L(t ):ﬁ,neN,neN. 2
S
D. Linearity Property of Laplace transform

Let F(t)and G(t) are two functions of t>0, a, bare
arbitrary constants then,

L{aF(t)+bG(t)} =aL {F(t)} +bL{G()}. (3)
E. Inverse Laplace Transform

If L{F(t)}=f(s)then inverse Laplace transform of
f(s)isF(t), denoted by
L (s)}=F(t). (4)

F. Linearity property of inverse Laplace
transforms

it L{F(t)}=f(s)and  L{G(t)}=g(s)tnen

L)) =L T ()L o) )
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G. Elzaki transform

The Elzaki transform of function F (t) is defined as,

* -t
E{F(t)} =v[F(t)evdt, t=0,k <v<k, (6)
0 p
rovided that integral in (6) exists. Where E isElzaki

transform operator.
If function F(t), t>0is piecewise continuous and of

exponential order then Elzaki transform of function
F (t) exist.

H. Inverse Elzaki transform

IfE { F (t)} =T (V) then inverse Elzaki transform
of T (V) is F(t) denoted it by

E*{T(v)j=F(t). (7)
Also,

E(t")= nIv"™, neN. (8)
. Cipher Text

It is conversion of plain text by using suitable method of
cryptography.

J. Encryption method

The method in which plain text converted into cipher text by
suitable technique called as encryption method.

K. Decryption method

The method in which cipher text converted into plain text by
suitable technique called as decryption method.

Cryptographic Technique
A Encryption

Consider the
function

t)=flte' Zf’ 9)

and let plain text be ‘TIME .To encrypt plain text ‘TIME’
we convert alphabets to numbers by allocating,

tn+l
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A=0, B=1 C=2, D=3, E=4,
F=5 G=6, H=7, 1 =8, J=9,
K=10, L=11,M =12, N =13, O =14,
P=15 Q=16, R=17, S=18, T =19,
U=20,V=21W=22, X=23,Y =24,

Z =25.

a. Firs
t iteration

For first

iteration j =0 let
T: foo :19, IZ flo :8, M = f20 :12, E: fSO :4a
nd fno =0 forn>4 and treating these number’s as

coefficients of te' and F(t) = f"'[et by iterative method.

3
F(t)= 1ot o 1o Lol
217 9 3

3 4
:19t+8t2+12%+4%. (10)

Taking Elzaki transform of F(t)on both sides,

%x(4!)u6. (11)

Now U > 0, taking Laplace transform of E { F (t)} ,

@)
@-v)

E(F(t))=19u°+8x(2!u* +%x(3!)u5 -

3! 41 12 51 4 6!

_19XS_+8X(2')XS_+EX(3I) S_G+§X(4|)XS_7
© 1
‘st,pn 0Vn>4, (12)
We
get, prl] 1114 384 4320 11520, rl' 4 14 166 443
_ P
where fl = p-(mod 26 —n_n
P ( ) 2

fnl: 10 20 4 2. (13)

Now in first iteration plain text ‘TIME’ becomes ‘KUEC’,
repeat the same procedure for fnl .

b. Second iteration

If fn1 are given then consider,
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F(t)= fte'

1 142 1t3 lt4
fot+ ft°+f, §+ f, 3

3 t4

1042082 + 4%+ 2

a.
Taking Elzaki transform of both sides of (14)

E (fote')

4 2
=10u3+20x(2!)u4+5x(3!)u5+ax(4!)u6' (15)

as U> 0 taking Laplace transform on both sides of (15) we
get,

L flu_3
n (1_u)2

41 3! 51 2 6!

X_

3! !
:leS—4+20x(2!)xs—5+4x3xs—6+ax(4!) X
2

= ZSEL, p2 =0 fornz=4, (16)

n=0

p2:60 960 440 5760,

f2:8 24 10 14,r?:2 36 55 221
and cipher text becomes ‘IYKO’.

C. Third lteration

If fnz, rn2 are given then,

24 At 2 242 2 t3 2 t4
fite' =fot+ ft°+f, Z+ f5 T
3 t4

- 8t+24t> 110 +14 (17)
21

a .
Taking Elzaki transform of fnztet
E(fote')

10 14
:8u3+24><(2!)u4+zx(3!)u5+ax(4!)u6. (18)

Taking Laplace transform of {E( fnztet )} ,
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(14)

L{ fn2u32]
(L-u)

| I | I
:8><3—4!+24><(2!)><4—5!+10X(3')X£5')+14X(4')X7(6')
S S (2!)xs (3N)xs
_ 48 1152 3600 40320
_8_4+ i + g6 + g7
_x pﬁ '
_ZSM , P, =0Vn>4, (19)
n=0

Where,
p,f’ 148 1152 3600 40320, fn3 = pﬁ(mod 26),

f3:22 8 12 20, r*:1 44 138 1550.

And cipher text is “WIMU”.

Here we apply three iterations to encrypt plain text ‘TIME’
we get cipher text “WIMU’.These results can be presented
in the form of following theorems.

Theorem 3.1

The given plain text in terms of fn0 for

n=012,..... , under Elzaki transform of fnotet and then

Laplace transform of E[ f "te']can be converted to cipher
text coefficients,

f1 = {(+D[(n+3)!] £} (mod 26)
= p:-26r' ,n =0,1,2,3........ : (20)

where P} ={(n+1)[(n+3)!]} £

Forn=0,1,2,3...... and
Key

1 gl
PPt o120 1)
26

Byrepeating the same procedure on fn1 and we obtained fn2
Similarly by Repeatingthe thisprocedure on fn2 we
obtained fn3

Its generalization is explained in the following:

Theorem 3.2

The given plain text in terms of fno, n=0,12,....., under
Elzaki transform f’te' and then Laplace transform of

E[ f °te']successively m times, can be converted into
cipher text,
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= {(n+D[(n+3)1]}" 12 (mod 26)

= p;-26r,",n=012,.., m=123...., (22)
where, = {(n +1) [(n + 3)!]}m f for
n=012,..., m=123,.... and key
P 012 (23)
B. Decryption

To obtained original text from encrypted message we apply
reverse algorithm that is we proceed in the reverse direction
which is included in the following

a. First iteration

If . and
f®:22 8 12 20, r’:1 44 138 1550, p: =26r’+ f’.

3 .
rn are given as,

Then consider,

,| d® 1 = ope

4_? N 11?2 N 36?0 N 40320 (24)
s s S s’

Taking inverse Laplace transform of both sides of (24)

we get
f 2u3 3 4 5 6

oY 48x L 11152x 2+ 3600 - + 40320 % —
(1— u) 3! 41 5! 6!
= 8u®+48u”+30u°+56u°. (25)
Taking inverse Elzaki transform of both sides of (25),

2.3 2 3 4

et U | gt iagxl 130l 45ex

(1-u) 21T T
tn+1

=0 vn>4. (26)

_ZfZ

Hence f?:8 24 10 14 and decoded message ‘TYKO’
is obtained in first iteration.

b. Second Iteration

If fn2 and rn2 are given, then apply the same procedure as
above. Let,
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) d3 2
[_fn ds 1.3 ((t 1)2)}] ;Sn+4

_ 60 960 1440 5760
SRS
Taking inverse Laplace transform on both sides of (27)

3
. u

n (1—U)2

3 4 5 6

— 60x L +960x  +1440x o + 5760 x
3l 41 51 6!

-(27)

= 10u® +40u* +12u® +8u®. (28)

Taking inverse Elzaki transform on both sides of (28)

£143 12 £ t4
E* — =10t+40x —+12><—+8><—
(1—u) 2! 3! 41

- 10420 x P +4x L +2x L. (29)
TR

We obtained f 210 20 4 2.

C. Third Iteration

1 1
If f andr, are

f1:10 20 4 2,r':4 14 166 443, p} =26r! + 1.
Let

[ (L = 3 B

given, as

(t 1) n=0 S
114 384 4320 11520
= & + 5 + o + 7 (30)

Taking inverse Laplace transform of (30),

u3 u3 u4 5 6

£ = 114x o+ 384x— +4320x — +11520x =, (31)
(1) 3 4 51 6!

Then taking inverse Elzaki transform of (31)

g1 fo_ Y
n (1—U)2

} =19u® +16u” +36u° +16u°
t? t3 t!
—19t+16><—+36><—+16x—
21 3! 41

3 t4

= 19t+8t2+12><§+4><§. (32)

Hence the coded message is 19 8 12 4, thatis ‘TIME’.
This method is summarized as following theorems:
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Theorem 3.3

The given cipher text in the form of
f3, n=0,1 2, ... and

key r Let
3

s =3P g =0 vnz4, (39

(t 1) n=0 S

then taklng inverse Laplace transform of (33)
3 n+3

( (n+3)'

and then taklng inverse Elzaki transform of (34) we get,

n=|

(1-u

where,

2 P 0,12

f = L y=uU,44,....
" ne)[(n+3)]

26r° + 2

“(n+)[(n+3)]’

We obtained fnz. Apply the above same procedure on fn2

and thenon f ', required f ° is obtained.
Theorem 3.4

The given cipher text in the format of fnj and key

r’,n=0,12,.and j=1,2,3,..converted into plain

text f 7"
Let
fj—l d3 . pr:
=t [@ (t— 1) e nzz(;s"”’ .
pl =0, vn>4. (37)

Then taking inverse Laplace transform of (37),
f jflu3 0 pjun+3
n — n
(1-u)f Z(n+3)!

and  taking inverse Elzaki
(38).

i-1,,3 o £ j-len+l
El[ fu J:an t | (39)

(38)

transform of

"= (=D (n+3)]

obtained plain text f ™"

n=0,12,... Hence we
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(34)

2.3 0 n+1
E-l[ £ 2 J ant )

n=0,12,... (36)

o 26r)+f)

“(n+)[(n+3)!]’
In our method we use three iterations. Hence for decryption
we apply above procedureon fn3 for getting

=12,.., (40)

f?, thenon f’for getting f, thenon f for getting f’.

Conclusions

Cryptographic technique is essential inauthentication,
integrity, confidentiality. In the present paper we developed
a new iterative method using Laplace and Elzaki transforms
for security purpose. In the presented method more number
of iterations implies more difficulty in tracing key which
increase level of security of message.As compare to other
cryptographic methods our method is more secure and
strong for encryption as well as decryption since we protect
the data with number of iterations..
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