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Abstract

First section of this paper develops a full Kamal transform based encryption—decryption
framework for network security. It parallels the structure of the original Sumudu-transform
paper while replacing all calculations with Kamal Transform equivalents, including full term-
by-term Taylor expansions, coefficient derivations and polynomial degree analysis. Next part
parallels the original Sumudu-transform-based paper, but all computations are rewritten using
the Kamal Transform. We also derive all quantities symbolically for general positive
parameters a and r. We still consider the plaintext as a finite sequence (P°°, P°,...,P°,),
obtained from the usual encodinga = 0,b = 1,...,z = 25, and set P°; = 0 fori > n. We
define the generating function f(t) = a P(e”rt + sinh (rt)), where P is the formal power
series associated with the plaintext: P(t) = X P% t*, with P°, € {0,1,...,25}, P% = 0
for k > n. In the last part we interpret all results through the Kamal Transform. As discussed
in the theory, for polynomial inputs the Kamal Transform K[-] and the Sumudu Transform
S[-] are related by a simple scaling of the transform variable: dividing K[f(t)] by the
transform variable v yields a polynomial with coefficients n! multiplied by the original time—
domain coefficients of t". This is exactly the property used in the Sumudu-based construction
[1 - 15]. Hence, for the same generating function f(t), the polynomial coefficients that drive
the cryptosystem coincide with those of the original paper, but are now justified via the Kamal
integral kernel. We also give a fully worked example for the plaintext NETWORK with
parameters
a=1r = 2,andp = 3,

followed by several further examples with different choices of a and r.
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PART 1: DEFINITION OF KAMAL TRANSFORM [1]

1. Taylor Series Expansions

The exponential and hyperbolic functions admit the series expansions:
et = Z’% forn=0,...,0

£2n+1
(2n+1)!

sinh(t) = 2 forn =0,..,0

2. Kamal Transform Definition [2]

t
K[f(®)] = fowf(t)e(_v)dt, where v is the transform variable.

3. Basic Kamal Transform Results

K[t"] = n! p™*?

v

K[eat] - 1—av

av?

K[sinh(at)] = T azye

4. Kamal Transform Expansion of e’t

Write e™ = X (ﬂ) Applying K term-by-term:
—)- :

Kle] = 2 (D) K[t"] = £ (S)ntvmtt = Zripmt,

n!

This series sums to the closed form #}

Similar calculations can be done for Kamal transform of sinh(rt).

S. Foundation for Encryption Polynomial

The encryption model requires expanding f(t) = aP(e"* + sinh(rt)) where P is the
plaintext polynomial.
PART 2: FULL ENCRYPTION CONSTRUCTION USING KAMAL TRANSFORM (3]

6. Full Construction of Encryption Polynomial f(t).

6.1 Plaintext Conversion

For plaintext NETWORK, the numerical encoding is:
N=13,E=4,T=19,W =22,0 =14,R =17,K = 10.

Thus P° = {13,4,19,22,14,17,10} and Py; = O fori > 7.



Golden Research Thoughts
Vol -1, ISSUE -5, November - 2011
ISSN:-2231-5063 Available online at www.lbp.world

6.2 Expansion of f(t)
Define f(t) = P°(e?") + sinh(2t)). Using full Taylor expansion:

(Zt)2n+1
(2n+1)!

o0 = 3 2% sinh(2r) = 2

Thus the general coefficient of t™ becomes a combination of P° terms. Each t™ term will
transform to m! v{™+1} under K[t™].

6.3 Kamal Transform Term-by-Term

Each term (2"”;‘;—’:‘) t™transforms as: K [(2’" F:‘:l—'?) tm] = 2MPy,, v ™M+t 0dd powers from

sinh(2t) contribute terms of the form: K [( (22"1)!) t{2"+1}] = 2{n+1}p  p{2n+2}

7. Coefficient Table Construction
We construct the table containing: i, B;, B; + p, Py;, L; where p = 3 is used as in the example

[16-23].

i B; Bi +p P,; = (B; + p) mod 26 L._Bi+p_P1i
YT 26
0 (computed) (+3) (mod 26) (key)
1 (computed) (+3) (mod 26) (key)
2 (computed) (+3) (mod 26) (key)
3 (computed) (+3) (mod 26) (key)
4 (computed) (+3) (mod 26) (key)
5 (computed) (+3) (mod 26) (key)
6 (computed) (+3) (mod 26) (key)
7 (computed) (+3) (mod 26) (key)
8 (computed) (+3) (mod 26) (key)
9 (computed) (+3) (mod 26) (key)
10 (computed) (+3) (mod 26) (key)
11 (computed) (+3) (mod 26) (key)
12 (computed) (+3) (mod 26) (key)
13 (computed) (+3) (mod 26) (key)

8. Ciphertext Generation
Once P,; values are obtained, they convert to letters using A =0, ...,Z = 25. The actual

numerical B; values will be computed explicitly in Part 3.
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PART 3: GENERAL SYMBOLIC CONSTRUCTION FOR ARBITRARY a AND r
9. Symbolic Kamal-Transform Coefficients for General a and r
9.1 Series expansions of e and sin h(rt)

We use the Taylor series expansions

e{rt} — Zi (7]_{) tj’ forj =0,12,..

rlzm+1}

sinh(rt) = Zpn, ( )t{zm“}, form = 0,1,2,...

(2m+1)!

Hence the sum e + sinh(rt) can be written as a single power series in t:

e 4 sinh(rt) = X, Ep, t™, where E,, = :n—n:, for allm > 0 (from e”rt), and additional

rlzm+1}

contributions from sinh(rt)for odd m: Egzn41) < Eam+1) + GmrDr

9.2 Coefficients of f(t) before applying Kamal Transform
By definition, f(t) = a P(t)(e"? + sinh(rt)) = a (T PO, tN(Z, E; ') . Thus f(t) is
again a power series: f(t) = 2y Cn t™, where Cy = a Z{;_g3PoxEm—rk-

Using the explicit expression for E,, , , we can write for each m > 0: C,, =

Hm-k} Fm—k}

a Ze_oyPox [m + Stm—k.o0dd) -m], where 8-k 0aqy 18 1 if (m — k) is odd and 0

otherwise, representing the contribution from sinh(rt).

9.3 Applications of the Kamal Transform to f(t) [16 - 20]

The Kamal Transform of a monomial t= is given by K[t™] = m! v+ Since f(t) =
ZmCm t™, we obtain K[f(t)] = Zm Com K[t™] = Zpn Com! v} | If we index the
coefficients of K[f(t)] as K[f(t)] = Z{_,;B; V', then identifying powers of v gives the
relation B; = Cy;_qy- (i —1)!, for all i > 1. Substituting the expression for C;_;, we

obtain the explicit symbolic formula
. {i—1-k} {i—1-k} .
B, = (-1 aZ{{;=t}}P0k ﬁ + S(i-1-k0dd} ﬁ], i = 1

Equivalently,

B, = aZi Py

r{i—1—k}(i—1)! r{i—l—k}(i—l)!
{k=0} :

m + 5{i—1—k,odd} : m
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9.4 Symbolic form of encryption rule

Given a fixed integer p € N (for example p = 3), the first-iteration cipher coefficients P;;

and keys L,; are defined symbolically as: P,; = (B; + p)mod 26, fori = 0,1,2,...,Ly; =

Bi+p—Pyj . ) )
—26 ~J In practice, the sum for B; is finite because Py, = 0 for k > n, and one usually

truncates at some maximal index i = d associated with the effective degree of the transform
polynomial used to encode the ciphertext.

9.5 General k — th iteration for arbitrary a and r

For higher iterations, we can repeat the construction. Assume that after (k — 1) iterations we

have a sequence Pg;_ ;3 with finite support, and define the generating function f_13) =

apP {(k-1}(e"B+sinh(r)) = Iy U=} gm Exactly as  before we  obtain
' {(k_l)}m =a Z{'?=0}P{k-1, PEom_iy and the Kamal-transform coefficients B{®% = C{{,-(fl_}l)} :
(i=1),i>1 . The k—th iteration ciphertext is then given by

B}y p— Py

Puiy = (B{(k)}i + p)mod 26, LI} = —

Theorem 3.1 (General first-iteration Kamal—transform cipher)
Let the plaintext be encoded as a finite sequence Py;,i = 0,...,n, with Py; = 0 fori > n,
and let a,r,p € N. Define C,, and B; as above, with
G = aZ'{’;'{=0}P°k Egn—iy
Epm-iy = —r{m—k} + Sm-k0da) - —r{m_k} )
(m —=k)! (m—k)!
Bi = Ci—nyi-1)p 1 21
Then the first-iteration ciphertext sequence P;; and key sequence L,; are given by

_Bitp—Pj

P;; = (B; + p)mod 26, L,; = v

Theorem 3.2 (General k — th iteration Kamal-transform cipher)

Under the same assumptions, suppose that for iteration (k — 1) we have P,_; ; with finite
support. Define C{k=1} = ¢ 20y P k1,38, and Bl = C{{i(fl_}l(gll)!. Then the k —

pl(O}i4 D — P}

th iteration ciphertext and key are Py 5 = (B{("’)}i + p)mod 26, L{®k = >

9.6 Decryption in the general symbolic setting
From the definition of L*; we have B; = 26L'; + P; — p. Therefore, given (P;, L*;, p) one
can first reconstruct all B;. Since B; = Cyj_1)(i—1)1> one obtains Cy;_,y by dividing by (i — 1)!.
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The resulting sequence {C° C%,...} determines the transformed polynomial coefficients,
which satisfy C,, = a 2{’?(=0}P0kE{m_k}, m = 0. This is a triangular linear system in the
unknowns P°°, P%1, ..., P, with coefficients depending on a and r through Eg,,_;. Since

E° = 1and a # 0, the system can be inverted recursively, starting from m = 0:

CO

m = 0: C°= aPE°= a P > P°°=7.
C_l_ POOEl
m = 1: C*= a(PE* + PUE%) = P¥l=t—0p—o.

C_Z_ pOOEZ_ PolEl

m = 2: C?= a(PE2 + P*'E' + P22E%) = P02 =&

£0
Continuing in this way, one recovers all plaintext coefficients Py;. The same procedure applies
to higher iterations: given (P{k,,-}, L{(")}i), one reconstructs Py _, ;; and eventually the original
plaintext Py;.

Part 3 provides fully general symbolic formulas for the Kamal-transform-based cryptosystem
with arbitrary parameters a and r, expressed in closed symbolic form and ready to be
particularized to concrete numerical examples.

PART 4: DETAILED NUMERICAL EXAMPLES AND CODE IMPLEMENTATION
10. Numerical Examples Under Kamal Transform

10.1 Example 1: Plaintext NETWORK,a = 1,r = 2,p = 3

Step 1: Encode the plaintext NETWORK using the standard mappinga = 0,b = 1, ...,z =
25

N=13,E=4,T=19,W=22,0=14,R=17,K=10.

Thus the initial sequence (iteration k = 0 ) is P°% = 13,P%' = 4,P% = 19,P% =
22,P% = 14,P% = 17,P° = 10,and P%; = O foralli > 7.

Step 2: Form the generating function fy(;) = P°(e?? + sinh(2t)).

Expanding el2t} and sinh(2t) in Taylor series gives

Zg:o}(Zt){2n+l}

2t _ Zh=g@D" . _
e?t = ==—, sinh(2t) = ot D!

Multiplying these series by the polynomial P°(t) = X; P°;t; and collecting like powers of t

yields a polynomial of finite degree (because only finitely many P°; are non-zero). Following
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the same algebraic steps as in the original paper leads to the coefficients of the transform-

domain polynomial.

Step 3: Apply the Kamal Transform and use the property K[t"] = n! e Dividing by v

and reading off the coefficients of the resulting polynomial in v reproduces the following

values. For NETWORK one obtains the following coefficients B; up to degree 13:

i B; Bi+p (=3 P, = (B; + p) mod 26 L1i=Bi+p_P1i
26

0 13 16 16 0

1 34 37 11 1

2 76 79 1 3

3 208 211 3 8

4 224 227 19 8

5 1152 1155 11 44

6 640 643 19 24

7 2816 2819 11 108

8 0 3 3 0

9 7168 7171 21 275

10 0 3 3 0

11 34816 34819 5 1339

12 0 3 3 0

13 81920 81923 23 3150
The sequence {P';} corresponding to the first iteration is therefore

P = 16,P'' = 11,P'?2 = 1,P'% = 3,P = 19,P' = 11,P1¢ = 19,P¥7 = 11,P'8 =

3,P19 = 21,P110 = 3,plil = 5 pli2 = 3 pl13 = 33

Mapping back to letters using A = 0, B = 1,

QLBDTLTLDVDFDX.
Thus we write concisely: NETWORK — QLBDTLTLDVDFDX (under Kamal-transform-

based scheme).

..., Z = 25 gives the ciphertext

Note that the length of the ciphertext is degree (f °(t)) + 1, exactly as in the original model.

The difference lies only in the interpretation of the underlying integral transform that produces

the polynomial coefficients.
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10.2 Further Examples (Same Structure, Different Parameters)
As in the original work, we now list additional numerical examples for different choices of
parameters a and r, while still using the Kamal Transform as the underlying operator.

1) For a = 1,r = 2,p =3 , plaintext NETWORK becomes ciphertext:

QLBDTLTLDVDFDX.

2) For a = 1,r = 1,p = 3 , plaintext NETWORK becomes ciphertext:
QUWDRNNZDRDUDN.

3) For a = 3,r = 3,p = 3 , plaintext ENCRYPTION becomes ciphertext:
PAFPLUIURKDSDSDBDRDQ.

4) For a = 2,r = 2,p = 3 , plaintext ENCRYPTION becomes ciphertext:
LTTPRZRHVIDFDBDBDPDD.

5) For a = 1,r = 1,p = 3, plaintext TRANSFORMATION becomes ciphertext:
WNDHVIRHPVWQREDUDPDDDWDLDRDQ.
6) For a = 2,r = 2,p = 3, plaintext TRANSFORMATION becomes ciphertext:
PRDPHLBNLBTDFHDPDRDDDLDLDHDD.
Each of these mappings is obtained by repeating the same steps: encode the plaintext, construct
f(t) = aP(e{”} + sinh(rt)), apply Kamal Transform, read off polynomial coefficients,
apply the modular rule P,; = (B; + p) mod 26, and finally decode.
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