Journal of Discrete Mathematical Sciences & Cryptography
ISSN 0972-0529 (Print), ISSN 2169-0065 (Online)

Vol. 26 (2023), No. 6, pp. 1773-1799

DOI : 10.47974/JDMSC-1726

Generalized k-step Jacobsthal numbers coding and decoding method

Arun Kumar Yadav *
Manju Pruthi '
Department of Mathematics
Indira Gandhi University
Meerpur - Rewari

Haryana

India

Abstract

In this article, we create a coding/decoding method utilizing the generalized k-step
Jacobsthal numbers and the relation between the components of the code matrix and error
detection and correction have been established for all value of k. The method’s accuracy is
93.33 percent for k = 2, the method’s accuracy is 99.80 percent for k = 3 and the method
accuracy is 99.998 percent for 1 = 4. In general, the accuracy of the approach improves with
each successively higher value of n. We give two examples of generalized k — step jacobsthal
sequences via blocking algorithm and solve these illustrations using python.
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1. Introduction

In 1999, Stakhov initiated the theory of Fibonacci coding and
cryptography. Afterward, different authors formulated various interesting results
using Fibonacci, Lucas and Pell coding and decoding methods. On the other
hand, Basu and Prasad [2] introduced the coding theory using Fibonacci p —
numbers. Later, Basu et al. [3] developed the Fibonacci n — step number
coding/decoding method follow from Fibonacci matrices. In the same work,
Basu and Das [4] extended this theory to generalized Fibonacci n —step
polynomial. Sundarayya and Prasad [7] defined the coding theory on Pell —
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Lucas p numbers using Pell — Lucas p —matrix. Recently, Tas, et al. [9] defined
the Pell coding-decoding methods with applications and formulated the
connections between the components of the code matrix. It has been given Pell
blocking algorithm and generalized Pell blocking algorithm related to Pell G,, —
matrices. Recently, calculate higher-order derivatives of the ratio of two
differentiable functions, Feng Qi [6] used the Hessensberg determinant of
generalised Fubini polynomials to arrive at an explicit formula. Several
recurrence relations for Fubini and Eulerian polynomials were found, and a
determinantal equation for Eulerian polynomials was provided.

In this paper, In section 1 give the basic results related to Jacobsthal
sequences. In section 2, we give the generalized coding and decoding
transformations and determinant relation between the components of code and
message matrix for 2-step Jacobsthal numbers. In section 3 describe the coding
and decoding 3-step Jacobsthal numbers allows for error detection and
correction. In section 4 presents the generalized coding and decoding
transformations and determinant connection between the code matrix and
message matrix components for 4-step Jacobsthal numbers. In section 5 give
coding and decoding for k-step Jabosthal numbers correct and detect errors. Use
k-step Jacobsthal Numbers to determine message ability and finally conclude
this result in section 6.

1.1 Preliminaries

The Jacobsthal sequence is described by the following recurrence relations
Jn = Jn_1 + 2J_, with n > 2 with initial conditions /, = 0, J; = 1.

The generalized order - k Jacobsthal numbers have recently been described
via recurrence relations in [12]:

]ﬁ =]ri1—1 + 2]11.1—2 +]1i1—3 + ---+]riz—k )
Forn>0and 1 <i < k with
i 1 lf i+n=1
= 1-k<n<o0
In { 0 otherwise for =n=
where J} is the n" term of the i*" sequence.

Some number of terms of generalized order - k Jacobsthal sequences are
given in the following table:

i/n -2 -1 0 1 2 3 4 5
k=2 1 0 0 1 1 3 5 11 21
2 0 1 0 2 2 6 10 22
1 0 0 1 1 3 6 13 28
k=3 2 0 1 0 2 3 7 15 32
3 1 0 0 1 1 3 6 13
1 0 0 1 1 3 6 14 30
2 0 1 0 2 3 8 16 37

Contd...
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k=4 3 1 0 0 1 2 4 9 20
4 0 0 0 1 1 3 6 14

Forn>1, a, = lim,_ ]](% exists, called nth —Jacobsthal constant and is the
n-1

real root > 1 of the equation x¥ — x*¥=1 — 2x*=2 — xk=3 — ... —x — 1 =0.

For odd k, there is one real root, which is always more than 1, while for even k,

there are two real roots, one greater than 1 and other less than 1.Here, a; =

1,a, = 1.61803, a3 = 2.14789, a, = 2.20556, etc.lim,_,, a, = 3.

In [12], Matrix C of order k was presented in the form

/121---11\

100 - 0 0

c=lo 1 0 = 0 0] )
000 1 0

Define a k — square matrix By, to deal with the k — sequences of the generalized
k —step Jacobsthal number as follows

Ja Ji S 5
Tneterry Tn—gerny - In—ern)
using equations (2) and (3 ), we have
(2", k=2
Det(C¥) = Det(By) = 1,k is odd forn>0 “4)

—1,kiseven(k # 2)

2. Generalized k — Step Jacobsthal Coding & Decoding Method

This section introduces a novel coding and decoding theory using extended
k-step Jacobsthal numbers. and express the message in this manner as a non-
singular matrix. Consider the k — square matrix By as coding matrix and
decoding matrix (By)~1. Now, we represent transformations:

Jacobsthal Coding Jacobsthal Decoding
Transformations Transformations
MXxXB,=E EX (B) =M

2.1 Hlustration of Generalized 2 — Step Jacobsthal Coding & Decoding
Method:

m; mp
Let us suppose that M = (

+ .
ms m4) , Where m; € Z*, Where M is message

matrix.
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Consider k =2,n=1,1 < i < k, Construct the coding matrix By:
1 2
e( )
]n—l ]n—l
Putn=1,
_(t JB_( 2
BZ_(l ]5)_(1 0)

0
Then, the inverse of B, is given by

1 _ 1
(B =m(_01 12) = E(f —21)

Now,
_ (M1 My 1 2\ _ (my+m, 2m1)_ e; e
E_MXBZ_(mg m4)(1 o)_(m3+m4 2ms _(eg 64)
where e; = my; + m,, e3 = my +my, e, =2my & e, =2my

Then, using decoding transformation
_ —1_ (61 €\ 1/0 2 _1(62 Zel—e2>
M = E x (Bz) _(eg 64)'2(1 _1)_2 e, 2e3—e,
ez ey
_(2 1~ =(m1 mz)
64 6'3 - % m3 m4’ '
2.2 Determinant connections between the components of the code and Message
Matrix M fork =2,n> 0is
Det(E) = Det(M X By) = Det(M) X Det(By) = Det(M) x (—=2)" %)

2.3 The Relationship between the components of code matrix for k = 2,
1<i<?
The code & initial message matrix as follows:
_ _ (M1 My Ja ]7'21,)_ e e

B M Be= (m3 m4) 8 (]1%—1 Ja) (e3 64)
e ez) N (]31—1 _]1%>
es e X\, g
(ml mZ) 1 <e1 Jioi—e iy —edi+ ezfrlz)

= 2 1 2 1
Mz My esJa1— €1 —esfytesy

and M=Ex (B) '= (

- (2)m
We know that my, m,, m; and m, € Z*. So, we get

2 1
_ e Jn-1—€2Jn-1 >0 _ —eiJhterJi
= Y, 1”‘2 -

T e 2"

2 1
_ e Jn-1—€sJn1

L= —eslitesJh S g
2"

=0,my, = o =
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Case (i) When nis odd (n = 2t + 1)

—e; St e Jn1 20 (6)
ei —eJn 20 (7
—e3fn 1 teJn120 ®)
esJr —eyJy =0 )

From equations (6) and (7), we get

From equations (8) and (9), we get
% < :’—j < j:::—: (11)

From equations (10) and (11), we get

Z—:z aandz—iz a (12)

1+v5 | .
where a = T\/— is the “golden ratio”.

Case (ii) When n is even (n = 2t), We find the similar relationships described
in (12).

2.4 Error Detection / Correction for Generalized k — Step Jacobsthal Coding
and Decoding Process
In this section, the code matrix E may contain mistakes as a result of a few
channel-related factors. With the help of the determinant's properties, we attempt
to identify and fix these errors in this process.
Fork = 2,1 < i < 2, and the message matrix M is given by

M=oy m)

Then, Det (M) = mym, — mym,

The code matrix E = M X Bj, & Det (E) = Det(M) x (—2)" for k = 2.
From the connection between the determinant of E and M
(—=2)"Det(M) ,n is odd
(2)"Det(M) ,n is even

The process of coding and decoding, it is possible to find mistakes in a
coded message and fix them. Based on the property of a matrix determinant, the
errors are found and fixed. We are unable to identify the specific code message
component that is broken. We make assumptions about diverse scenarios, such
as one error, two errors, etc., to identify damaged elements. At this point, the
first occurrence of the code matrix E that contains a single mistake is being
taken into consideration. It is simple to determine that E contains a single error
in four different cases:

Det(E) = {



1778 A. K. YADAV AND M. PRUTHI
~ (11 €2\ .. (61 42
l) (33 64.) ”) (63 34.)
.y (€1 €2\ . 1 €
iif) (Q3 ‘34) ) (33 Q4)
Where g; are the possible damaged elements

The four separate situations mentioned before are now checked using the
relations listed below:

qie4 — €263 = (—2)"Det(M) (13)
ei1e, — qze3 = (—2)"Det(M) (14)
eje, — qze; = (—2)"Det(M) (15)
e1q4 — eze3 = (—2)"Det(M) (16)
using the above equations, we get

_o\n _o\n—1

4, = (-2) DeZ(M)+e2e3’ 4, = (-2) D:t(M)+e1e4 (17)’ (18)
4 3

_o>\n—-1 _o\n

s = (-2) Dz:(M)+e1e4, Gu = (-2) Del;iM)+e2e3 (19)’ (20)

Since the components of message matrix M are +ve integer. The equations
from (17) to (18) should have integer solutions. If these equations don't have
integer solutions, then we know that the scenarios we came up with containing a
single mistake are accurate, or else we know that there was a mistake
somewhere in the checking element Det (M). In the event that Det (M) returns a
wrong value, we check the validity of the code matrix E by applying the
relations found in (12). In the code matrix E, check each instance of a double
error in the same manner.

For example, In this instance, there are double errors in the code matrix.

(e ) ey

Where qq,q, be possible “damaged” element. Using the determinant
relation Det(E) = Det(M) X (—2)", For the matrix, we can formulate the
following equation:

q1e4 — qz€3 = (=2)"Det(M) (22)
Also, we know that the relation between q; and g, is
41 = aq; (23)

Clearly, Relation (22) be Diophantine equation. There are several solutions
to the Diophantine equation (22). We must select q;and g, solutions that satisfy
the equation (23).

In the same way, the code matrix E, we fix the triple error to make sure

that (Q1 q>

a5 64), Where g4, g, and g5 be the possible “damaged” element.
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Due to our correctness technique, we are only able to fix 14 out of the 15

scenarios. Corrective potential of our technique is defined as 14/15 =0.9333 =
93.33%

3. Illustration of Generalized 3 — Step Jacobsthal Coding & Decoding
Method:

Suppose that M is message matrix:

m; mp; Mg
M=[my ms Mg |, Where my, my, ms, my, Mg, Mg, My, Mg, Mg € Z*
m; Mg Mg

Consider k = 3, and 1 < i < k, Construct the coding matrix By,:
)R R
B; = ]1%—1 ]13—1 ]r3z—1

1 2 3
n-2 ]n—2 ]n—2

) F i 1 2 1
Bi=\J4 B 1 =<1 0)
LA T

Then, the inverse of B; is given by

1/0 1 0 0 1 0
(B:)7 = I(O 0 1 ) = (0 0 1 )
1 -1 -2 1 -1 -2
Now, we find the code matrix E.
m mp; mz\ /1 2 1
E=M><B3=<m4 msg ms)(l 0 0)
m; Mg Mo/ \0 1 0
m;+m, 2m;+m; my e, e, e3
= <m4 +mgs 2my +mg m4> = <e4 es 66>

m;,+mg 2m;+myg my €7 €g €9

Putn=1,

o

where e; =my + m, , e, =2my + my,e3 =my, e, = my +ms,
es = 2my +mg, g =My, €, =M, + Mg, €g = 2M; + Mg, €9 = M.
Then, by decoding transformation

€, € €3
M=EX(By) = (34 €s ea) .

eé; eg €9

O 1 O 63 61 - 63 62 - 283 m1 mZ m3
0 0 1) =|e es—e es—2e | =My Mg Mg
1 —1 —2 eg €7 - eg eg —_ 2@9 m7 mS m9



1780 A. K. YADAV AND M. PRUTHI

3.2 Determinant connections between the components of code and Message
Matrix M fork =3,n > 0 s
Det(E) = Det(M x By) = Det(M) x (DetBy) = Det(M).1 (3.1)

3.3 The Relationship between the components of the code matrix for k = 3,
1 <i < 3 define as

1 2 3
m; m; Mz Ja Ia Ja e € €3
E=MXxB,=|mqy ms Mg |x(J, J2_, J3_ |=|e€s € €

m m m 1 2 3 e e e
7 9 n-2 ]n—z ]n—z 7 8 9

N

[ee]

And M =E x (B,)™*

e € €3
= e4 85 86 X
€; €g €9

JaciTnea = JacaJiee —Jadaat Indeez Jada-1— JnlJia
_1111—1 1131—2 - 1121—1 1111—2 ]1%]1?{—2 - ]3]111—2 1111]3—1 - ]ﬁ ]%—1 =

Ja-rJi-a = JiciJamz —Inliz— Jada-z Jati-a— Jiaoa

m; Mm; mj
my Mms Mg
m; Mg My

Where my, m,, mg, My, Ms, Mg, M5, Mg, Mg € Z* So, we get
my = e (Ji-1Jn-2 = Ja-1Ji-2) + e2(=Jaoi a2 — JiiJn-2)  (32)
tes Unoa iz — JicaJa2) 20
my, = e (= Ji Ja-2 + JnJn-2) vt e2(UnJa—z — JaJa-2) (3.3)
tes(—Jatis — JiJn—2) 20
ms = e (JiJno1 = JaJa-) Y ee(UUntn1— JaJn-1) (34
tesUnJioi— JiJn1 20
my = ey(Jio1Jn2— Ja-1Ji-2) v es(=Jn_iJnz — JiciJn—z)  (3.5)
+eg Un-1Jp-2— Jic1Jn=2) 20
ms = ey(—=JiJn-2+ JnJi-2) tes(UnJnz— JaJa-2)  (3.6)
teg(—Jntiz — JiJn—2) 20
me = e, (J3 Ja—1 — JaJae1) +es(nJa-1 — Ja Ja-1) (3.7)
tesUntios— JiJn-120
my; = e;(Ji_1Jn-2— Jn-1J5-2) + es(—Ji—1 Jn—z — Jn-1Jn-2) (3.8)
teg Upo1 Sz = Ji1Jn2) 20
mg = e; (= Ji Jn-2 + I3 Ji-2) + es(Un iz — Jn Jn-2) (3.9)
teo(~JaJi-z = JiJa2) 20
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my = e;(Ji Ja—1 — JaJi-1) +es(Un Ja-1— Jn Ja—1) (3.10)
+eoUntioa— JiJa-120

From equations (3.2), (3.3) and (3.4), we get
es Un-1Ji—z — JaciJn=2) 2 ex(—Jac1Jnz — Jio1iJaz2)
+ei(Jio1 Ja—z — Ja-1Jh-2) (3.11)
es(=InJios = JaJh-2) 2 e;(Unns — JnJn—2) + ex(=Ji Jaa + Jn J3-2)
(3.12)
esUntio1— Felnca 2 eaUn it — JaJa-d) teUi Jioa — JaJi-)  (3.13)
Dividing both side by e; of equation (3.11), (3.12), (3.13) , we have

= U Jia = Joa Jid)
1
e
> e—j(—/,%_l Ba— PR+ Ui, — T2
(3.14)
Z—j(/,%f,%_z +J2JEL,) < Z—j(—f& Bt I+ 23— J3J2-,)
(3.15)
cUnJios = JiJa-) 2 2 Ui = S i) + Ui i = JRJR-2) - (3.16)
Let a= Ji 1 Jo o= Jailn o b=JaJi o+ Jilna c=]n]a,—

Jn Tt
Now 3% = 27 cases arise for a >=<,b >=<, ¢ >=<.

Case: a) If a, b, c all are positive, then
From equation (3.14) , we get

_1711—1 ]%—2_1121—1 ]1}[—2) (]?L—l ]%—2_]%.—1 ]?L—Z) (3 17)

1 2 2 1 1 2 2 1
Ja-1Jn-2"Ja-1Jn-2 Ja—1Jn-2=Jn-1Jn-2

From equation (3.15) , we get

2_3 < B, where f = e_z(—]rlll-,?i—z“']?zhlz—z) + (/rzz]%—z—lfzhzz—z) (3.18)
1

142 2 71 142 2 g1
e1 \ JnJa—2tJnJn-2 JaJa—2tJaJa-2

From equation (3.16) , we get

& s ¥, where y = 9_2(1111]1?1—1—]13111%—1) + (112111?{—1—11311121—1) (3.19)

12 2 1 12 2 1
ey e1 \JaJa-1—JaJn-1 Jata-1=JaJa-1

From equations (3.17) and (3.18) , we get

e e
2 > q, where a =—2(
€1 €1

e1 . (Jh Jaoa Ja2 : :
— = min {—z, > ,z—}, using equation (3.1) (3.20)
ez Jn Jn-1 Jn-2
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From equations (3.17) and (3.18) , we get

1
2 < max {]" Incy Jnoa } using equation (3.1) (3.21)

e YL LR

From equations (3.20) and (3.21) , we get

mm{]" Ja1 Jae 2} <% < max {]n Ja1 Ja 2} (3.22)

BBy T, IR e s

Similarly, for rest cases

2 2 2 2 2 2
min {]—’31,]’31'1,]’31‘2} <2 < max {]—’31,]';‘1 ,]’31‘2} (3.23)
Jn Jn-1 Jn-2 n Jn-1 Jn—2

and

1 1 1 1 1 1
min{]—" jg"l ]"‘2} <2 < max {]—" ]’3“1 ]"‘2} (3.24)

3 ) ;3 3 ) .3
Jn Ja-1 Jn-2 Jn Ja-1 Jn-2

Case:b)Ifa=0,b > 0,c > 0, then
From equation (3.17) and (3.18) we get

1
4 Zmin{]" Iy Jn-z } sincea =0 (3.24)
]

IR T s

From equation (3.18) and (3.19), we get

I3 Ji-1 Ja—2
J3 JA_ JA—s

From equation (3.24) and (3.25), we get

mm{/n Ji-1 Jae 2} <o <max{1n Jhi-1 J-2 }(3 26)

B TA-1 Ta) T e Y E R E )

e
< < max{
€2

} using equation (3.1),anda = 0 (3.25)

Case: ¢)Ifa < 0,b <0,c <0, then
From equation (3.14) , we get

e_3 < a, Wherea — ( ]n lj‘n 2~ ]n lj‘n 2) + (]121—1]'?1—2_]31—1]121—2) (327)

e T a2~ T iz Jhe1 o2 Jia Tz

From equation (3.15) , we get
e3 ez (A2t I3 ]111—2) (]121 2= J3 ]121—2)
= > = £
o 2P wheref=1 ( it g ) R R (3.28)
From equation (3.16) , we get
e3 ex (JhJa-1—Ji a1 BRI
—= <y, where =—( )+( ) 3.29
o =7 Ve JaTi-1= I3 Jn-a (3.29)

From equations (2.27) and (2.28) , we get

% > min {]" Incy Jno 2} using equation (3.1) (3.30)
2

I T JAos

From equations (2.28) and (2.29) , we get

1 1 1
4 < max {]—” In-a Jn- 2} using equation (3.1) (3.31)
n-2
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From equations (2.30) and (2.31) , we get

1 1 1 1 1 1
min {’—’;,’g-l,’—g-Z} < < max {’—;,’g-l,’g-Z} (3.32)
Jn Jn-1 Jn-2 Jn Jn-1 Jn-2

2 2 2
< max [ iz Jaza

TR JAoa ]121—2} <& { }
ez ]131’]%—1,]131—2

Similarly, min {—, ,
¥ Y I =i

(3.33)

1 1 1 1 1 1
and min {;—’3‘,]"—'1 ]"—'2} <2 < max {]—”,]"—'1 ]"—'2} (3.34)

3 73 = 3:73 13
n Jn-1 Ja-2 es Jn Ja-1 Jn—2

Similarly, in rest cases

IA
|

1 1 1 1 1 1
min{% Ina ]”—'2} L < max {]—”,jn—'l ]n—_z} (3.35)

2 72 2 2
n Jn-1 Ja-2 Jn-1 Ja-2

IA

2 2 2 2 2 2
min {’—’;,’g-l,’g-Z] 22 < max {]—’3‘,]'31'1,];"2} (3.36)
Jn Jn-1 Jn—2 Jn Ja-1 Jn-2

o
w

1 1 1
min {]—’31,]'31_1,]1;_2} N
Jn Jn-1 Jn—2

Therefore, for large value of k,

1 1 1
/n ]‘n,—l ]‘n.—Z} (337)

73173 3
Jn Ja-1 Jn—2

IA
|
IA
3
Q
=
—~

e e e
L, Lrn (3.38)

ez es es

.. e es e
Similarly, 2 = 15,2 = 15,2 =~ 15 (3.39)

=13 e €g
TRy N, R (3.40)

8 €9

3.4 Error Detection / Correction for Generalized 3 — Step Jacobsthal Coding
and Decoding Process
In this section, the code matrix E may contain mistakes as a result of a few
channel-related factors. With the help of the determinant's properties, we attempt
to identify and fix these errors in this process.
m; Mmp; mMmg
Fork = 3,1 < i < 3, and the message matrix M is given by <m4 msg me)
m; Mg Mg
Det (M) = my(msmg — mgmg) + my(m;mg — mgm,) + mz(mymg — msms)

The code matrix E = M X B), & Det (E) = Det(M) x (—1)¥
From the connection between the determinant of E and M

Det(M),nis odd

Det(E) = { —Det(M) ,n is even

The process of coding and decoding makes it possible to detect and
correct mistakes in the coded message. The error detection and correction are
performed based on a matrix determinant's property. The receiver can determine
the truth of code message E by comparing the determinants retrieved from the
channel.

We are unable to identify the specific code message component that is
broken. We make assumptions about diverse scenarios, such as one error, two
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errors, etc., to identify damaged elements. It is simple to determine that E

contains a single error in nine different cases:

q1 €2 €3 € 42 €3 €1 € (qs
i€ € €g|ii)[es €5 €| iii)|{€s €5 €¢
€; €3 €9 €; €g €9 €; €g €9

e € €3 € € é€3 €, € €3
iv) (92 € €es|v)|l€es qs €| vi)|€s € (s
€; €g €9 €; €z €9 €; €g €9

€ € €3 €1 € é€3 €1 € €3
vii) <e4 €s ee) viil) (94 €s ee) ix) <e4 €s ee)
q7 €g €9 €7 (g €9 €7 €g (9

Where q; are the possible damaged elements.

The nine separate situations mentioned before are now checked using the

relations listed below:
q1(eseg — egeg) + ex(e766 — €9€4) + e3(eseg — ese;) = det (M)
ei(eseg — eseg) + qz(e7e5 — eg9ey) + e3(eseg — ese;) = det (M)
e1(eseg — eseg) + e;(e766 — e9ey) + q3(eseg — ese;) = det (M)
qs(eseg — e269) + es(ereq — e3e7) + e3(eye; — e,eg) = det (M)
es(eseg — €289) + qs(ee9 — e3€7) + e3(eze; — ereg) = det (M)
es(eseg — €369) + es(e1€9 — €387) + qs(eze7 — e,€5) = det (M)
q7(e2e6 — eses) + eg(ese, — e1e) + eq(er65 — e,e,) = det (M)
e;(eze6 — €3€5) + qg(esze, — e1e) + eq(er65 — e,e,) = det (M)
e7(e266 — €3€5) + eg(ese, — e1€6) + go(eres — eze4) = det (M)

using the above equations, we get

_ det(M)—ez(e7es—eges)—es(eseg—esey)

! (eseg—eges)
_ det (M)—e;(eseg—egeg)—ez(eseg—esey)

z- (e7e6—€9€4)
_ det (M)—e;(eseg—egeg)—ez(e7es—e9e4)

9 = (eseg—eser)
__ det (M)—es(ejeq—ezey)—e3(eze7—eq€g)

Qs = (ezeg—ezeo)
_ det (M)—ey(ezeg—eze9)—ez(eze7—e;18)

4 = (ere9—eze7)
__ det(M)—eq(eseg—eze9)+es(e1€9—e€3€7)

6 = (eze7—eqeg)
_ det (M)—eg(ezes—e1e6)—eg(e1e5—€z€4)

a7 = (eze6—e3es)
e = det (M)—e;(ezes—€3€5)—€9(e1€5—€2€4)

(e3es—ereq)

(3.41)
(3.42)
(3.43)
(3.44)
(3.45)
(3.46)
(3.47)
(3.48)
(3.49)

(3.50)
(3.51)
(3.52)
(3.53)
(3.54)
(3.55)
(3.56)

(3.57)
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det (M)—ey(ezec—ezes)—eg(ezes—e1ep)
9= (eres—ezey) (3.58)
Since the components of message matrix M are +ve integer. The equations
from (3.50) to (3.58) should have integer solutions. If these equations do not
have integer solutions, we discover that our scenarios involving a single error
are correct or that a mistake could have occurred in the checking element Det
(M). we utilize equation from (3.38), (3.39), (3.40) to determine whether the
code matrix E is valid.
Now check each instance of a double error in the same manner. For
example, In this instance, there are double errors in the code matrix.
a1 qz €3
<34 €s ea) (3.59)
€7 €g €9
Where q,, q, be the possible “damaged” element. Using the determinant
relation Det(E) = Det(M) X (—1)¥, For the matrix, we can formulate the
following equation:

q1(eses — egeg) + qz(ese6 — egey) + es(eseg — ese;) = (—1) . Det(M)
(3.60)

Also, we know that the relation between g, and q, is

q1 = 1342 (3.61)
Clearly, Relation (3.60) be Diophantine equation. There are several
solutions to the Diophantine equation (3.60). We must select g;and g, solutions
that satisfy the equation (3.61).
In the same way, for triple error in code matrix

a1 92 g3
<e4 €s ee) (3.62)
€7 € €

Where q4, g, and g5 be the possible “damaged” element.

It's easy to see that there are 9., =36 different types of double error in the
code matrix E, and we fix them all using the same method. Hence, 9¢, + 9¢, +
9¢, +9¢, +9¢, +9¢, +9¢, +9¢, + 9¢, = 511cases of errors in E. We use the
same method to demonstrate that it is feasible to fix any triple-fold, four-fold....,
eight-fold mistakes in the code matrix E.

As a result, our approach has the potential to rectify eight situations of this

method is % = 0.9980 = 99.80% because the code matrix's nine-fold error

cannot be fixed.
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4. Illustration of Generalized k — Step Jacobsthal Coding & Decoding
Method:

Suppose that M is message matrix
myy Mqyp; Maz Myy
My1 My, Maz My,
M3y Mgy Mzz M3y
My My Myz My,

M = , Where m;; =0 fori,j = 1,2,3,4.

Consider k = 4, and 1 < i < k, Construct the coding matrix By,:
)RR AR S

Jace Jrcr Jaea T

Jn-z Ji-2 Ja-2 Jn-

Jaes Jios Ja-z Jn-a

B4_=

Putn=1,
JFSR F F \ 1 2 1 1
B4=|]& 818 Js (1000
) ST PR PR 0100
S 1% 3 1) 0010
Then, the inverse of B, is given by
L 0 -1 0 0 0 1 0 O
-1_ (0 0 -1 0)_(0 O 1 0
B)7==lo o o —1) (0 0 0 1
-1 1 2 1 1 -1 -2 -1
Now, we find the code matrix E.
my; My, Mz Mag\ 1 2 1 1
_ _ my; My, M3 Myy 1 0 0 0
E=MxB,= M3y Mgy Mgz M3y (0 1 0 O
My Myy Myz My, 0 0 1 0
myq +myy 2myy +my3 My +Myy Mgy eqq1 €1, €13 €14
[ Ma1 + My 2myy +myz Moyt My My _[| € exn €3 €
Mgy + M3y 2Mgq + Mgy M3y + Mgy Mag €31 €33 €33 €3
Myy +Myy  2Myg +My3 My + 1My, My €41 €43 €43 €44
where e;; =My + My, , €15 = 2Myy +My3, 813 = Mg + Myy, €14 = Myy,
€1 = Myq +Myy, €3 = 2My +My3, €33 =My +My,, €34 = My,
€31 = Mgy + M3y, €35 = 2Mgq + M3z, €33 = M3q + May, €34 = Mgy,

€41 = My + Myy, €4y = 2Myq + My3, €43 = Myg + Myy, €44 = Myy.

Then, by decoding transformation
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6'11 612 el3 el4
_ -1 _ 621 622 823 eZ4
M=EX(Bs)™ ' = e e e e
31 €32 €33 €34
€41 €42 €43 €44
€14 €11 — €14 €12~ 2614 €136
_ [ exs ex1—ez €y —2€ ey3—e€y
€34 €37 — €34 €3, —2€3, €33~ €3
€44 €41 — €4q €4y —2€4, €43 — €44

1787

1 0 0
0 1 0
0 0 1
-1 -2 -1
my; My, Miz Myy
_ | myy My, Maz My,
T | M3 Mz Mzz Mgy
My1 Myy Myz My,

4.2 Determinant connections between the components of code and Message

Matrix M for k = 4,

Det(E) = (DetM x By) = Det(M) X Det(By) = Det(M) x —1=—Det(M)

(4.0)
4.3 The Relationship between the components of code matrix for k = 4,
1<i<4
mqy; Myy mqi3 My, ]711 ]% 73; ]1"1;
E=MXxB, = Ymrl21 mzz zzs mu % 1711—1 ]§—1 ]12—1 12—1
31 32 33 34 ]n—Z ]n—Z ]n—2 ]n—Z
Ma Maz Tz T/ \JRs Jis Ji-s s
e;1 ez €13 €ia
_|€a ex €23 €24
€31 €32 €33 €34
€41 €42 €43 €44
and
M=Ex (B,) !=
-1
ei1 ez €13 €14 ]111 ]121 ]EL ;‘t
€1 €y €23 €24 Jaei T Jier Jnea
€31 €32 €3 € [N, JR, Jas Jao2
ar Ca2 G G/ \J1 o 2o Jis Jies
e11 €12 €13 €1s hi1 hiz hiz hy
= (~1)k 221 222 223 224 hay  hyz haz has
31 €32 €33 €34 || hy; hsy, hgy hgy
€41 €a2 €43 €44/ \hy; hyy, hys hyy
my; My, Miz Myy
_ [ M2 Mg My3 My,
M3y Mgy Mzz M3y
My1 Myy Myz My,
where hij are cofactors of By, for i,j = 1,2,3,4 and m;; = 0, fori,j =
1,2,3,4 So, we get
myq = eg1(hy1) + e12(hyr) +eg3(hgy) + e1a(hyy) 20 4.1)
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myp = e11(hyz) + e12(hgz) +e13(hay) + €14(hyy) =0 (4.2)
myz = e11(hy3) + e12(ha3) + e13(has) + ega(haz) =0 (4.3)
Myy = €11(h1a) + e12(h2s) +e13(hay) + €14(hay) =0 (4.4)
My = €31 (hy1) + €23(hp1) + €23(h31) + €34(hay) =0 (4.5)
Myy = €31(hy2) + €33(ha;) + e33(ha;) + €34(hyz) = 0 (4.6)
My3 = €31 (hy3) + €33(hy3) + ex3(ha3) + €34(hy3) =0 (4.7)
Myy = €31(hyy) + €32(has) + €33(h3s) + €34(has) = 0 (4.8)
M3y = e31(hy1) + e32(Ry1) + e33(h3y) + e34(hay) 20 (4.9)
M3y = e31(hy2) + e33(hy;) + e33(hay) + e34(hyz) =0 (4.10)
M3z = €31(hy3) + e32(Ry3) + €33(h33) + e34(hys) 20 (4.11)
Mgy = €31(hyy) + €32(has) + e33(has) + €34(hys) =0 (4.12)
Myy = €41(hy1) + €42(Ry1) + €43(h31) + €24(hgy) 20 (4.13)
Myy = €41(hy2) + €42(hay) + e43(hay) + €34(hyz) = 0 (4.14)
My3 = €41(Ry3) + €42(Ry3) + €43(h33) + €24(hy3) 2 0 (4.15)
Myq = €41(M1s) + €42(R33) + €43(h3s) + €24(hay) 20 (4.16)

From (4.1), we have

e11(hy1) + egp(haq) + eg3(hsy) +e14(hay) =0 4.17)
From (4.2), we have
e11(hiz) + e1p(hyz) +e3(hsy) +ega(hay) 20 (4.18)
From (4.3), we have
e11(hy3) + e1x(hy3) + eg3(hss) +e14(hys3) =0 (4.19)
From (4.4), we have
e11(hig) + e12(has) +e13(hss) +e14(hay) 20 (4.20)
Dividing both sides by e;; (> 0) of (4.17) to (4.20), we have
(hx) + 22 (hay) + 222 (hay) + 22 (han) 2 0 (4.21)
(hiz) + eﬁ(hzz) + eﬁ(hgz) + "1—‘*(h4z> >0 (4.22)
(haz) + 22 (hag) + 222 (haz) + 22 (hyg) 2 0 (4.23)
(h1a) + 22 (hpy) + 22 (hgy) + e (has) 2 0 (4.24)
€11 €11 €11

Now 38 = 6561 cases arise for hl-j >=<fori =3,4andj = 1,2,3,4.
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Casec): hi]- >0fori=3,4andj =1,2,3,4.
From (4.21), we have

<13 (h31) +o - (h41) = —(hy + 12 hz1) (4.25)
€11
From (4.22), we have
2 (hs2) + 32 (hyz) 2 —(haz + 2 i) (4.26)

From (4.23), we have

2 (hsg) + 3% (haz) 2 —(haz + 22 ha) (4.27)
From (4.24), we have

a3 (h34) +o- 2t (h44) 2 —(h, + ei3 ha4) (4.28)
From equations (4.25) to (4.28) and using (2.1), we have

min {]’;L’]TL 1 ]n 2 ]n 3} S& < max {]-rzz’]n 1 ]n 1121_3} (429)
I T A Tis I T A Ths

Similarly, for rest cases

1n/n1]n2/n3
1731’]7111712 ]n3

and mm{ Ji-1 1131—2’/131—3
"I T2’ s

2
mln ]_n /n 1 ]n 2 ]n 3} (430)

YL PR P

{& ]n 1 ]n 2 ]n 3} (4 31)
]%’]n 1’]71 2 ]11 3

JA g i i e A g g

B oy Jnoe Juoa) < B ooy {8 Jaot Juz } (4.32)
Jn Jn-1 Jn-2 Jn-3

PPN LD
Jh JAo1 Jhz Jies I JAo1 JAea

{E’ )RR P

Be1 T3a ]n 3
JR Ji-1 Ji-z Jh-s

R R R R
Jn Jn-1 Jn-2 Jn-3

I Jpea
Ji Ja-1 Ja-2 Ja-3
]1%']11—1 ]n 2 ]n 3

]n2]n3

=)
B i B Sl (4.3)
)

Case b): h31 = 0, h32 > O, h33 > 0, h34 < 0, h41 > 0, h42 = 0, h43 > O,
h4_4_ <0.
From (4.21), we have

o (ha) 2 —(hay + 32 hzy) (4.36)
From (4.22), we have . .
== (hsz) = —(hyz + 22 hyy) (4.37)
11 11
From (4.23), we have
s (h33) +o- . (h43) = —(hi3 + elj hy3) (4.38)

From (4.24), we have
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2 (h3a) + 2% (has) < —(hag + T2 hay) (4.39)
From equations (4.36) to (4.39) and using (2.1), we have
o (Jh Jaea Ja-z Jn-z) — en Ji Ja-1 In-z Ji-3
e e - = 4.40
n {1%’/%_1’1%_2’/%_3} S, T {1%’1%_1’1%_2’1%_3} (4.40)

Similarly, for rest cases

min {;n Ji- 1']n 2 JA- 3} S& < max {]n Jioa JAo2 ]121—3} (441)

ER PR E I N €13 ) A CIP S P
and
Ja-1 Jnmz Ja-3) o en Ji Ja-1 Jn-z Ja-s
mm{g,3 ,Ro2 I }S—S {3, } (4.42)
Jn Ja-1 Jn-2 Jn-3 e13 R AR EEPA Ei
1 1
mm{ ]n—1'12—2’12—3} <& ooy x{ Jioa Jaiz Ja- 3} (4.33)
"The1 Inz Jnes €14 ) A SR <SP
mln{ ]n—1'1§—2’1§—3} S 2 S x{]n ]n 1 ]n 2 ]n 3} (434)
" B2 s €13 J AR = ]n 3
2 2
mm{ ]n—1'12—2’12—3} <&z o x{]n i T2 } (4.35)
LV PR £ €14 Th-1' T2 ]n 3
min £ IR Jaoy Jnz ”3“3} <&z {’2,’" 1 Sz Jno sl (436)
) SR PR K €14 JER LR R P

Case ¢) : hl-]- <0Ofori=3,4andj=1,23,4.
From (4.21), we have

213 2 (hay) + 02 s “ (hay) 2 —(hay + eli hyt) (4.37)
From (4.2 2) we have
a3 2 (haz) + s 2 (haz) 2 —(haz + 32 f1z 2 h22) (4.38)
From (4.2 3) we have
2 (hge) + 3% (haz) 2 —(haz + T2 ha) (4.39)
From (4.24) we have
2 (h3a) + 3% (hag) 2 —(hag + T2 hay) (4.40)
From equatlons (2.40) to (2.43) and using (2.1), we have

(JE Jm—1 Ja—2 1111—3} €11 {1111 Jio1 Jh—z ]121—3}
mm[—, In-z <81 < max [ o1 Iz 4.41
By o o) = s B a Tios (441)
Similarly, for rest cases
Jh Jho1 JA-2 1121—3} e {1% Jio1 A2 1%_3}
, , < — < maxi=, , , 4.42
Y- AR I AR P (4.42)

mm{
€13

and
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1 1 1 1 1 1
min (& i1 Jia Jioa) o O o gy (2 s Jioa Jica) (4.43)
JEN PRSP €13 Jn Jn-1 Jn-2 Jn-3
11 1 1
min {]_21’]2—1’]n—2,]2—3} < 2 < max {]21’]11 1 ]n 2 ]n 3} (444)
Jn Jn-1 Jn-2 Jn-3 €14 S ER R A ]n 3
mln{]".]§_1,1§_2,1§_3} <22 < {’" Jno1 Jnez } (4.45)
SR CHPR CHPR S €13 I e R ]n 3
min {]2'111 Jha2 JAo 3} <z o x{ Jim1 Jh-2 Ji-3 } (4.46)
§ K SR P I €14 i T2 Thes
min {]Z']n 1 Jae2 Ja- 3} < ‘13 €13 <m {]Z']n 1 Jaz Ja- 3} 4.47)
§ R SR AP K €14 I e T2 Jhes

Therefore, for large value of k,

€11 €11 €11
. 1y 'ora ~ n,—eu =1y (4.48)
. . e e
Similarly, eﬁ ~ r4,e£ ~ 1, (4.49)
13 13
e
61—3 ~ 1, ,where 7, ~ 2.20556 (4.50)
14

4.4 Generalized Relations
Similar to this, we may define the generalized relation between the
elements of the code matrix for every k as follows:

1_ e; 1_
min{ L r=0123,.,k+ 1} <— < max{'; Lir=0123,..k+ 1}
n-r €2 n-r

4.51)
1
min {2 s 7 = 0,1,23, ..,k +1} < 2

€i3

< max {]" r:r=0,123, .., k+ 1}
3
(4.52)
. 1
min {’“ i =0123, .k +1} <2 <max (BT r = 0,123,k + 1}
In—r
(4.53)

min {0 v =023,k + 1} < 2 <max (s r =023, k1)
(4.54)

. 2
min {fn L:r=0123,..k+ 1} <2 < max {’g" cr=0123,.. k+ 1}
Jn-r
(4.55)

min {j” T =023,k + 1} <2 < max {j”" t7=0123,.,k+1}
r " (4.56)

min{iers 1 =0123 .k + 1) <2 <mar(fEr r=0123, . k+ 1]
n-r ik n-r
4.57)
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min{Br s r 20123, k+ 1) <8 <max BT r 20123, .k +1
{ ]

4 e; 4
n-r 4 n-r
(4.58)
3 . 3
min {2 1 = 01,23,k +1} <2 <max{B=: 1 = 0,123,k + 1]
Jn-r €is Jn—r
(4.59)
3 a . 3
min {8 7 = 01,23,k +1} <2 <max {5 r = 0,123,k + 1]
In-r €ik In-r
(4.60)
and so on
3 . 3
min {j’;; 7 =023,k + 1) < 25D < max {j’;—‘ T =0123,.. k+1}
n-r ik n-r
(4.61)
fori =1,2,3,..,k. For large k, we arrive at
i1 i1 i1
Hrn,2rrn, ., Lan 4.62
€i2 ! €i3 ! €ik ! ( )
Similarly, 22 ~ 1,2 x 1, .., 22 x 1, (4.63)
€i3 €ia €ik
€i3 i3 i3
Lar, Bxrn, ., 271 4.64
€ia 3 €is 3 Cik 3 ( )
€j(k—1)
G (4.65)

€ik

4.5 Error Detection / Correction Process

In present study, we begin by developing for the simplex instance 93.33%
accuracy for k = 2, 99.80% accuracy for k = 3, and above. Errors in the code
massage E may be found and fixed using the encoding/decoding procedure. In
order to spot and fix errors, scientists use a characteristic of matrices expressed
as (4.0). After calculating the determinant of the massage matrix M, we send it
to a communication channel. The code matrix E's checking elements are
Det(M). After obtaining the code matrix and confirming elements Det(M), we
construct the matrix e's determinant and compare it to Det(M) via equation (4.0).
If the relation (4.0) is true, we infer that the elements of the code matrix E were
broadcast across the communication channel without errors. otherwise there are
errors and then we try to correct these errors using the relations (4.0) , (4.48),
(4.49), (4.50).

In this section, we have single error in the code matrix E. It is clear that
there are sixteen variants of single error in the code matrix E. As an example,
one of them is

qi1 €1z €13 €1
€31 €3 €23 €4
€31 €32 €33 €34
€41 €42 €43 €4y

, Where q4 is error elements (4.66)
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Using equation (4.0), then
q11 €12 €13 €14
ez 1 622 623 624
€31 €32 €33 €34
€41 €42 €43 €44

= (=1)*DetM. (4.67)

There are sixteen equations, such as (4.66) for sixteen possible variants of
a single error, if g, are the potential destroyed elements for the elements e;; for
i,j =1,2,3,4. However, we must only select the correct variant from these
cases of the solution qij for i,j = 1, 2,3,4 which satisfies the relations (4.48),
(4.49) and (4.50). In sixteen equations don't resolve to integers, Consequently,
we know that either our assumption that there is only one error in the checking
element Det(M) is incorrect or there are several errors. We verify the integrity of
the encoding matrix E with the help of the approximation equalities (4.48),
(4.49), and (4.50).In the code matrix E, check each instance of a double error in
the same manner. For example, In this instance, there are double errors in the
code matrix.

qi1 G2 €13 €14
€y, €y, €23 €24
€31 €32 €33 €34
€41 €42 €43 €44

(4.68)

Where g1, g1, be the possible “damaged” element. Using the determinant
relation Det(E) = Det(M) X (—1), For the matrix, we can formulate the
following equation:

qi1 G1z €13 €14
321 322 623 eZ4—
€31 €33 €33 €34
€41 €42 €43 €44

= (=1)DetM (4.69)

Also, we know that the relation between q,; and q;, is

q11 = 14412 (4.70)

Clearly, Relation (4.69) be Diophantine equation. There are several
solutions to the Diophantine equation (4.69). We must select g;and g, solutions
that satisfy the equation (4.70).

In the same way, we fix triple error to make sure that

q11 G12 913 C1s
€31 €3, €23 €24
€31 €32 €33 €34
€41 €42 €43 €44

4.71)

Where q44, ¢, and g3 be the possible “damaged” element.

We use a similar strategy to repair all double faults in the code matrix E,
which has 16, = 120 variations. Hence 16¢, + 16¢, + 16¢, + 16¢, + 16, +
16¢, + -+ 16¢,, = 65535 cases of errors.
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We use the same method to demonstrate that it is feasible to fix any triple-
fold, four-fold, ... , fifteen —fold errors in E.
As a result, our approach has the potential to rectify eight situations of this

8533 _ .999980 = 99.998%

65535

method is

m2_
The likelihood of fixing method faults for k=m is typically is %

Therefore, for large value of k the possibility to correct errors of the
m2Z_
methods is # ~1=100%
2me_q1

5. Blocking Method for Generalized k — step Jacobsthal Numbers.

We develop encoding and decoding techniques here that make use of
generalized k-step Jacobsthal numbers. Our message's size is calculated by
placing it in a matrix of even dimensions and inserting zeroes between each pair
of words until we reach the end of the message. We may design a coding
scheme by splitting the message square matrix M of size 2m into block matrices,
say T; (1 < i < m?) of size 2 X 2, from left to right.

We now describe the notation that was utilized during the coding process.
Assume that matrices T; & E; are

th t el el
T, = ( . ijandEp =
t3 iy €3 €
We use the matrix Bj, and rewrite the components of this matrix to
_(Jn  x
B = 1 2
]n—l ]n—l

The no. of the block matrices T; by b. Using b, we select a number n as

follows:
{ 3,b<3
n=1{|b
={,b>3
3>
We write the following character table mod (22) after selecting n. Each

character in the table is represented by a number between n and n + 21. We
begin n for the first character.

A n G n+6 M n+ 12 S n + 18
B n+1 H n+7 N n + 13 T n + 19
C n+ 2 1 n + 8 [0) n + 14 U n + 20
D n+3 J n+9 P n + 15 0 n + 21
E n+ 4 K n + 10 Q n + 16
F n+5 L n + 11 R n+ 17

Now, we provide the following k-step Jacobsthal blocking technique
using the encoding and decoding Algorithm.
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Coding Algorithm Process

Massage matrix M divided into 2 X 2 blocks T; (1 < i < m?).

IL. Select the value of n
Il | Resolvet/ (1< <4).
Iv. Find determinant (T;) — d;.
V. Construct = [d;, ti], e (1,34} -
VL Algorithm completed.
Decoding Algorithm Process
I. Take the Matrix (By)™.
IL. Resolve J; (j € 1,2,3,4).
I Solve the relation J;t5 + Jath — el (1 <i < m?).
Iv. Solve the relation otk + J,th — el (1 < i < m?).
V. Solve (—=2)" x d; = ek(J1t! + J3x;) — el (ot + Joxy).
VI Putting for x; = t.
VIL Make T;.
VIIL Make M.
IX. Algorithm completed.

Ilustration 4.1: Examine the message matrix for the subsequent message text

A R
U N

)

“ARUN”
We write the message matrix using the above message text M = (
Solution:
Coding Algorithm
I.  Massage matrix M divided into 2 X 2 blocks T; = (3 f] )
II. Here, b =1 < 3 then n = 3. For the message matrix M, we apply the
following character table:

A R U N

3 20 23 16
III. The block T;* components are as follows:

ti =3,t3 =20,t1 =23,t1 =16

IV. Find determinant d; of the block T;:
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V. Obtain the following matrix P utilizing (3) & (4)

P =[-41232316]
VI. Algorithm completed

Decoding Algorithm

s_(Jh BN _(5 6
I.  Take the Matrix (B,)> = < ) =
Yy (3 2)

II. Here),=5],=6];=3,],=2

III. To create the matrix E; using the elements ei: el = 163

IV. To create the matrix E; using the elements e}: e} = 170

V. Find the element x; :
det(By).dy = ez(y t{ + Jsx1) —e3s(p t1 + Jaxp)
(—2)3.(—412) = 170(15 + 3x;) — 163(18 + 2x;)

= x; =20
VI. Putting for x; = t3
VII. Create block matrix T;:
_ (3 20
h= (23 16)

VIII. Create message matrix M:
_ (3 20y_(A R
M= (23 16) B ( U N )

IX. Algorithm completed.

Ilustration 4.2: Examine the message matrix for the subsequent message text:
“MAM IS BEAUTIFUL”
We write the message matrix using the above message text
M A M 0
S 0 B
E A U T
I F U L

M =

Solution:
L Massage matrix M divided into 2 X 2 blocks:

=(] 9m=( phe=( DEa=0 1)

II. Here, b = 4 > 3 thenn = |§| = |§| = 2. For the message matrix M, we
apply the following character table:
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M A M 0 | S 0 B
14 2 14 23 10 20 23 3
E A U T | F U L
6 2 22 21 10 7 22 13

III.  The component of the block T;:

t =14 ti=2 ti =10 t: =20
t? =14 tZ =23 t2 =23 t? =3
t2=6 t3=2 t3 =10 t3 =7
tf =22 t3 =21 t3 =22 ti=13

IV. Find determinant d; of the block T;:
d1 = det(Tl) = 260, dz = det(Tz) = _4‘87, d3 = det(T3) = 22,

V.  Obtain the following matrix P utilizing (3) & (4):
260 14 10 20

—487 14 23 3

22 6 10 7

—-176 22 22 13
VI.  Algorithm completed.

Decoding Algorithm
AN /3 2
L. Take the Matrix (B,)? = ( n n ) =
2 Jacr Jroa ( 1 2)
II.  Here J1=3=2]3=1],=2

III.  To create the matrix E; using the elements ef:
el =50,e2 =72,e3 =37e} =70,
IV.  To create the matrix E; using the elements e.:
e} = 60,e? =52,e3 = 34,ef =70,
V. Find the element x; :
det(By).dy = ez(; t1 + J3x1) —e3(ot + Jaxp)
(—2)2.(260) = 60(28 + x,) — 50(28 + 2x;)
= x =2
det(By).dy, = (1 tf + Jsx2) —e3(otf + Jax2)
(—2)2.(—487) = 52(42 + x,) — 72(28 + 2x,)
= x, =23
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det(By).ds3 = ei(y t] + J3x3) —e3(otd + Jax3)
(—2)%2.(22) = 34(18 + x3) — 37(12 + 2x3)
= x3=2
det(By) .dy = e (i ti + J3x4) —es(p tf + Jaxa)
(—2)2.(—176) = 70(66 + x,) — 79(44 + 2x,)
= x, =21
VI.  We rename x; as follows:
X, =ti=2,x,=t;=23,x3=t3=2,x, =ty =21

VII. Create block matrix T;:

ne G 3)n-(8 $hne(h Dne (3 1)

VIII. Create message matrix M:

14 2 14 23 M
Mo[ 10 20 23 3 )\_[1
6 2 22 21 E

I

10 7 22 13
IX. Algorithm completed.

s
T Co X
~Nw o

6. Conclusion

The generalized k-step Jacobsthal numbers coding and decoding method
are discussed in the article. It may be simplified to the familiar algebraic action
of multiplying matrices. The method's primary practical is that it targets big
information units, specifically matrix elements, for error identification and
repair. The method's accuracy for the k = 2 value is 93.33 percent, the method’s
accuracy is 99.80 percent for k = 3 and 99.998 percent for n = 4. In general, as
n rises, the method's potential to be right increases.
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