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Through A Three Dimensional Mapping Derived From
Generalized AA-mKdV Equation Using Mathematica
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1 Mathematics Department, University of Lampung, Bandar Lampung, Indonesia

Abstract. Encryption-decryption algorithm using a mapping can be done for encoding a
digital text, such as two dimensional mapping AA-sine Gordon equation. In this article, we
will be given an encryption-decryption algorithm to a digital text through a three dimensional
mapping that derived from the generalized AA-mKdV equation. Implementation of Encryption-
decryption algorithm in this article using MATHEMATICA.

1. Introduction
Cryptography is an attempt to secure digital data files (etc. text and images). Cryptography, based on
security keys, can be classified into two types of keys, symmetric keys and asymmetric keys [1].

An efficient and effective encryption-decryption algorithm is a necessity in cryptography for data
security. A simple encryption-description algorithm is implemented into a computer programming and
produces a high degree of difficulty in finding the security key for opening the data is an absolute
thing in Cryptography. Encryption-decryption algorithm which involves mathematics in it can be
found in EIGamal's article (1985) and the articles in the reference [2].

Among Cryptographic encryption-decryption algorithms that use mathematical concepts, there is a
Cryptographic encoding algorithm that involves mapping. For encoding in an image for example,
Rinaldi (2012) has introduced the use of Arnold Cat Map (ACM) linear mapping [3]. Meanwhile,
Arinten and Hidayat (2017) use Logistic Map (LM). Likewise with Ronsen, Arwin, and Indra (2014),
they used ACM and Nonlinear Choatic Algorithm (NCA) in coding for an image [4,5]. Thus a
mapping can be used as a means of building cryptographic encoding for a digital data (image).

With regard to digital text data, popular cryptographic algorithms used are public key algorithms,
commonly referred to as asymmetric keys, for example the EIGamal public key [6]. While the use of a
mapping for cryptographic algorithms text data is relatively little published.

In this article, we will discuss an application of map in cryptographic algorithms for text data. The
mapping is a part of the nonlinear mapping derived from a generalized traveling wave solution AA-
mKdV [7].

This article is divided into four sections. In the first section an illustration of a descriptive
algorithm is provided for cryptographic coding of text data using a 2-dimensional periodic nonlinear
method. The second part, in the form of case studies, discusses cryptographic algorithms of text data
using 2-dimensional mapping derived from the equation of a generalized traveling wave solution AA-
sine Gordon. In the third part, the implementation of the cryptographic algorithm of text data into the
Mathematic programming language. In the fourth section, the conclusions are briefly described in the
results obtained in the previous section.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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2. Encryption-Decryption Algorithm For Digital Text Submission Using Mapping:An llustration
Consider the following nonlinear mapping:

Yo =80 (Y1) (1)
where

g,: R° — R?
(X,y) [i,nx].
Xy

It can be examined that equation (1) is a 3-periodic nonlinear mapping with the parameter values «
and 7 set as any but not zero.

Example:

Consider the following text data.
FromWolfram: Mathematica’s ex extensive base of state-of-the-art algorithms, efficient handling of
very long integers, and powerful built-in language make it uniquely suited to both research and
implementation of cryptographic number theory.

We are coding the text data using mapping (1) whose symmetrical key is selected from o and 7.

Descriptively, the encryption-decryption algorithm for example text like this can be done in the
following way.

2.1. Encryption stage

1. Grouping Text into two parts, for example parts x(n) and y(n) with ne N are the values of
numeric  data associated with text data. And assume the length of the text data I is the same that
isl(xX)=1(y)=meN.

2. Convert text data to numeric data. The ASCII code can be used or uses a self-made encoding.

3. Do the mapping iteration process as much as r times with the provisions of g° <g";reN.

4. Select the parameter value o, 77 = 0 and make it as the key value.

2.2. Decryption Stages
1. Reuse the parameter value r, 77 = O which is the key value at encryption.

2. Perform the mapping iteration process provided until it reaches the r iteration, thatisg";r e N.
3. Convert numeric data into text data.
4. Finish.
The implementation of the descriptive algorithm above using Mathematica is given in the next
section.

3. Digital Text Description-Encryption Algorithm Using A Mapping Derived From Generalized
AA-mKdV Equation

3.1. The 2-Dimensional Periodic Mapping Formulation Derived from Generalized A4-mKdV
Equation

In this section, we will follow a technique for a generalized sine-Gordon equation (see [8]).

Look at the family of four mapping parameters derived from the generalized 44-mKdV equation

follows:
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OV, o Vima — OV, oV

m+l 2V m Vidm+

=OM Vim0 i Visgmn =0 (2)

with@ =, 5,0, 6, =a,f,p, O, =a,4q and 6, =, 5,9
Using the following transformation
Vi =V, where n=2zl+z,m,
where the parameter values of z, and z, are relatively prime integers, we can reduce the form of the
current wave solution (2), namely
6)1VnVn+z2 - 02Vn+zlvn+zl+zz _93ann+zl + 94Vn+z2Vn+z1+z2 =0 3

Equation (3) is a form of traveling wave solution from A44-mKdV. It can be examined that the
equation (3) is invariant for a transformationz™ —z,,p™ —p, andz,§ Z,. Besides that it also

fulfills the periodic nature, namely(i +2,,)— zl). Equation (3) is equivalent to mapping
V Vo (03\/21 - '91sz )
L+2,-1 =
(ov,-0V,)
V'

3 +2,-2 =Vzl+zz—l ( 4)

Vll =V,
VO' =V, %
Select z,=1 andz, =2. The third order difference equation of equation (4) can be stated as
follows:
OV N, =N, Vo3 —ON N, +0V, V5 =0

which is equivalent to the following three-dimensional mapping:

_ Vn (93Vn+2 B 01Vn+l)

" (94Vn+1 - 92Vn+2 )

Vn'+l = Vn+2 (5)
Vn, = Vn+1

!

The equation in (5) is usually given a three-dimensional mapping derived from the generalized
AA-mKdV equation.

Look at equation (5). Suppose that {, is a line in R? that is defined as
Vn+2
g — Vn+l
"V

n+l
Vn
Suppose that © is a parameter vector inR*: (6,,6,,6,,0,). Therefore, three-dimensional
statements can be reduced to a two-dimensional mapping, namely:

gn+l = ge (Cn)

where
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g9,: R — R?
(xy) = (;—;—(53;(_91),x]. ©

V V
where y=V“—+1and X=—"2 |t can be checked that the mapping in equation (6) has an integral

n n+l
(there is a function S :IR* — Rso that S(¢,,,) =S(,) forall neN) [8]. If a = % p= Z—j , and
A= % then the map in equation (6) can be written as
l T R?
xy) (KM x]. "
xy (Bx-1)

3.2. Implementation of Digital Text Data Encryption Algorithms Based on 2-Dimensional Mapping
Using Mathematica
To implement a cryptographic algorithm into a computer program, a number of software can be used,
such as Matlab and Mathematica. In this article, we will use Mathematica that its rules and technical
writing of this program in full in a reference written by Shifrin (2008) [9].
Look at the descriptive algorithms presented in section two. Against the text and 4-periodic
mapping given in that section, the implementation of algorithms using Mathematica is as follows.

strl="FromWolfram:Mathematica’s extensivebaseofstate-of-the-artalgorithms,
efficienthandlingofverylongintegers, ”;

str2="andpowerfulbuilt-inlanguagemakeituniquelysuitedtobothresearchand
implementationofcryptographicnumbertheory. ;

StringLength[str1]

StringLength[str2]

A=ToCharacterCode[str1];

B=ToCharacterCode[str2];

AccountingForm[Grid[Partition[A,10]1] ;

AccountingForm[Grid[Partition[B,10]]]

x=A;y=B;r=3;a=0.0001523; 1 = = 8.1037277

THIS SECTION IS A SUBRUTIN PROGRAM NAMED codingl FOR
ITERATION PROCESSES g (A, B) TO THE r- ITERATION.

xx=SetPrecision[coding1[[r—1,2]],10];
yy=SetPrecision[coding1[[r—1,1]],10];
AccountingForm[Grid[Partition[xx,5]]1] ;
AccountingForm[Grid[Partition[yy,5]]1] ;
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THIS PART IS A SUBRUTIN PROGRAM NAMED recodingl FOR
ITERATION PROCESSES g™/ (AA, BB) TO R-ITERATION.

Flatten[FromCharacterCode[Round[recoding1[[r —1]1]]]

70 114 111 109 32 87 111 108 102 32 97 A10 100 32 132 1311 I19 101
114 957 109 58 32 77 97 116 104 114 102 117 108 32 98 117 105 108
1031 “109 97 IT1e6: 105 99 97 39: HIA5 116 45 105 110 32 108 957 110 103
32. 101 3120 16 101 110 315 105 4318 117 97 103 101 32 109 97 107 101
101 32 98 97 115 101 32 111 102 32 105 116 32 117 110 105 113 117
32 A5 FI6: 97 146 301 32 45 32 103 208 X221 320 115 117 105 E16 10od
111 102 32 45 32 116 104 101 32 100 32 116 111 32 98 111 116 104
45 32 97 114 116 32 97 108 103 32 114 101 115 101 97 114 99 104
111 114 105 116 104 109 115 44 32 32 97 110 100 32 105 109 112 108
101 102 102 105 99 105 101 110 1186 103 1097201 -110: 116 97 16 105 L1l
32 104 97 110 100 108 105 110 103 ¥10 32 Ax1 102 32 99 114 329 112
32 A1 302 32 118 101 334 121 32 116 111 103 114 957 112 104 105 99
108 111 110 103 32 105 110 116 101 32 110 117 109 98 101 114 32 116

Figure 1. Conversion results of text data A (left) and B (right) to numerical data before the mapping
iteration process is carried out (g°).

Figure 1 shows the result of the conversion of program outputs text data into numerical data using
ASCII code (based on g° ). Another output of the program, for parameter values « =0.0001523and

A= =8.1037277, we have the following numerical data.

TngForme
-000000SS08S28571)
(0.00000012€6€64203€61 ]
(0.0000001247220538)
(0.00000010873204€9)
(0.0000001211SBSEES)
(0.000000287€45€87€)

(0.00000011159341€5)
(0.0000001001542083)
(0.0000000SETELS4LE30)
(0.0000002012313€289)
(0.0000000SETOB4€E3SS5]
(0.0000002104178978S5)

(0.0000001010€647011)
{0.0000000S€01€1842S)
(0.0000001S€6SS87229]
(0.00000010SB€4€6724)
(0.0D00000D3€72€615048)
(0.0000003255940171)

(0.0000001132110082)
{0.0000001197825€€5)
(0.000001205078125)
{0.000000105S32€04S88)
(0.0000001154133532)
{0.0000001259SS€925€)

(0.00000120S07812S5)
[(0.00000008485229301)
(0.0000001€635303472)
(0.0000002515800204)
(0.000000131151025€)
(0.0000000SS83818770)

(0.00000010532€0498) (0.0000003B81B0€6S307) -00000010251508S52) (0.0000001106230390) (0.00000010983533€0)
(0.0000001035408€2€) (0.00000038180€69307) -0000003€72€15048) {0.0000001085SS031€7) (0.000000397551549€4)
(0.00000009171311780) (0.0000001120712071) -0000003€72€195048) (0.0000000SB83815€6741) (0.0000001034020446€)

(0.000000381B80€6S8307)
(0.0000001044258272)
(0.0000003780€37255)
(0.00000010€EB8SS535€S)
(0.00000012595S€S25€)

(0.0000000SS355S877€2)
(0-.0000003€672619048)
(0.0000003324353448)
(0.000000105S32€04S8)

(0.00000009412€6€€62080)

{0.00000008791€678541)
(0.00000D23€3984€74)
(0.0000002470470470)
(0.0000003707S32€S2)
(0.00000010532€0498)

{0.00000038755154€4]
(0.00000038180€68307)
(0.00000120S078125)
(0.00000085€6544944494)
{0.000000357551549€4)

(0.0000000S250374813)
(0.000000121312171131712)
(0.000000108SS031€7)
(0.0000003382€75439)
(0.0000001115S341€5)

(0.0000001154133532) (0.000000115157S089) -000000347408S099) (0.00000011159341€S5) (0.00000010€B83SB2€8)
(0.00000021063753103) (0.0000003707932€92) -0000001078200087) (0.00000005844435580) (0.0000002504058442)
(0.0000003570€01852] (0.0000001209€85325) -000000110551185S) (0.0000001197B2S€EE€ES) (0.00000010€6B83582€8)

(0.0000001074538488)
(0.0000003505€81818)
(0-000000113%133932)
(0.0000001001542083)
(0.0000001040823212)
(0.00000009588189588
(0.0000003324353448)

CurT130)

et
(0.0000000E796017857)
(0.00000001SE27€E272€]
(0.00000001529070144)
(0.000000013427523458)
({0.0000000149509€711)
(0-0000000354S54778€]
(0.00000001299723455)
(0-00000001277694244)
({0.00000001221729874]
[0-.00000004711497525)
(0.00000001288€614708)
[0.00000004€EE5306373)
{0.00000001319088704]
[0.000000015543084€62]
(0.00000001424201272)
(0-00000001312720€90)
(0.0000000440€6122685)
[0.0000000132598049S)
(0.00000004326011364]
(0.00000001424201272)
(0.000000012235902930)
(0.00000001284375843)
({0.000000011683182595)
(0.00000004102252155)

(0.0000001211S85€€S)
(0-.0000003707932€82)
{0-00000021030910610]
(0.00000011745€€914)
(0.00000005712711531)
(0.000000105913€6011)
(0.00000010532€60498)

(0.000000013770€627€0)
(0.000000012355S02530]
(0.00000001154037481)
(0.0000000125021018
(0.0000000115338244
(0-.000000012855€8594]
(0-.00000004711497525)
(0.0000000471149752
(0.00000001370€61746€
(0.0000000122€05153
(0.00000004532011505)
(0.00000004102252155)
(0.00000001259723455)
(0.000000011€61522502)
(0-.0000000142154219€]
(0.00000004575588942)
(0.000000014S2751€681)
(0.000000014950S€711)
(0.00000004575588%542)
(0.00000001272143€53)
(0.00000001449415572)
(0.00000001158548€03)
(0.0000000135€6333838)
(0.00000001285723455)

(0.00000010S32€0498)
(0-.000000114€6084548)
(0-.00000009271229€23]
(0.0000003382€75439)
(0.00000038S5202020)
(0.00000039349548S80)
(0.0000001151579089)

(0.000000012471368411)
0.00000001184835714)
0.000000024305€4240)
0.00000001355730057)
0.00000004532011905)
(0-.000000040€67150171)
(0.00000001270021€85S)
(0.00000004532011505)
0.00000004532011905)
0.000000010848983132)
0.00000002517157088)
0.000000030485€05€1 )
{0.00000004575588942)
(0.0000000125972345S)
(0.00000004287038288)
(0.000000013304598508)
(0.000000013€68€631229)
(0.00000001255723455S)
0.00000001414280€72)
0.00000001144065121)
{0.00000004174221491)
(0.000000049B0€€75253)
(0.00000004855727041)
(0.00000001421542186€)

{0.000000106B83982€8)
(0.0000001098821747)
(0.0000001065€eS30€0)
(0.000000107810S688S)
(0.0000003570€01852)
(0.00000011€63€602074)
(0.000000120S€85325)

(0.00000001397023853)
(0.0000000147811€6871)
{0.00000014870€6€40€)
(0.0000000129972345S5)
(0.00000001424201272)
(0-000000015543084€2)
(0.000000013€65088301)
(0.0000000133S510508)
(0.00000001224028542)
(0.00000004S0578€082)
(0.0000000471149752S5)
(0.00000014870€E€40€)
{0.00000010574€6949494)
(0.00000004S0578€082)
(0.000000013770627€0]
(0-000000012148032351)
(0.0000000147811€6871)
(0.0000000131840342€3)
(0.0000000135718003€)
(0.0000000132000349€7)
(0.000000013303B2€€E)
(0.0000000440€6122€68S)
(0.00000001435S68849€0)
(0.000000014S2751€91)

(0.0000000SS83721€653)
(0.000000385€250000)
(0-0000003322333230)
(0.00000010S087€945)
(0.0000001010€647011)

(0.0000000SB840S103€7)

(0.00000009751857120)

(0.00000014870€E€40€)
(0.000000011717112S€)
(0.000000020179€4484)
(0.000000031044957452)
(0.00000001€E18403€5€)
(0.0000000123200323€)
(0-.0000000135SS3€B04€)
(0.000000045S0578€082)
(0.00000001275S81230)
(0.000000011414S€6252)
(0.00000001371852252)
(0.00000001339510508)
(0.00000004174221491)
(0.000000013770€627€0)
(0-.000000013184034€3)
(0.000000030S0008117)
(0.0000000131840349€3)
(0.00000001182€31252)
(0.000000047S8€12500)
(0.000000042102252155)
(0.0000000134€142150)
(0.00000001247138411)
(0.00000001214318979)
(0.000000012033791€89)

Figure 2. The results of the conversion of text data to numeric data with the choice of parameter
values o =0.0001523and A = £ =8.1037277, after the iteration of the mapping (7) process is carried

out on g?
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3.3. Encryption-Description Algorithm For Setting Digital Text Using Mapping Generalized 44-

mKdV Equation

Review the implementation of the algorithm using Mathematica which was given in the previous
section. By using the transparent properties found in mapping (6), the periodic mapping iteration
process can be replaced by an iteration invers mapping process, namely:

THIS SECTION IS A SUBRUTIN OF NAMED recodingl PROGRAMS
FOR ITERATION PROCESSES g™’ (AA, BB) TO r-ITERATION.

Flatten[FromCharacterCode[Round[recoding1[[r —1]111]

54984308
87254614

01587254¢14

0.0001524393045
0.0001350558750
0.0001425589792

0.0001338814761

0.0001524393045 (
0.0001466320929 0.
494793180 0.
99669978 0.

001438913061 O.

0.0001480420169
0.0001587254¢14
0.0001425589792

0.0001524393045

039 0.0001338814761

8 0.0001438913061
0001571058138 0.
4 0.0001438913061 O.

50 0.0001571058138

3 0.0001587254¢614
8 0.0001438913061

.0001438913061

o

0001571058138 O

1587254614
001350558750

0.00013388147¢61
.0001350558750
.0001587254¢614

327273255

.0001480420169
.0001399669978
-0001466320929

1587254614
04811365548

.0001315929039
.0001412510987
0.0001524393045
0.

0001587254614

4811365548 O

s}

0

0
0.
.0001587254614
.0001571058138

0

0.

.0001587254614
.000131592
.0001374675871
.0001587254614
-0001272427252
.0004811365548
.0001539636975
.0004811365548
.0001480420169

.0001587254614
.0001272427252
0.
0.

.0001494793180
.0001399669978
.0001587254614
.0001338
0.0001315929
.0001438913061
.0001466320929
.0002368672270
.0003499174944

039

DO

O O OO

o

.0001350558750
.0001587254614
.0001587254614
.0001272427252
.0001524393045
.0001327273255
.0001425589792
.0001587254614
.0003347036903

o

0001327273255
0001399669978
0001571058138
0001587254614

o O

OIS &

0001399669978

Figure 3. The results of the conversion of text data to numeric data with the value of the choice
parameter 4= 0.05234, a = 0.7125, and g =6.7111, after the iteration of the mapping (7) process is

carried out on g°.

With algorithms and implementation of similar algorithms, for mapping (7) with a choice of key
values in the form of the choice parameter value 4= 0.05234, o = 0.7125, § = 6.7111 as given in

figure 3.

4. Conclusion

From the results obtained and discussed in the previous section, it can be concluded that the 3-
dimensional mapping reduced to 2-dimensional mapping derived from the AA-mKdV equation can be
used to design a text cryptography relatively easily. As the purpose of cryptography is data security,
then the choice of a reversible mapping option can be used as an alternative choice of digital text
encoding with a symmetric key selected non-zero parameter values. The results of this study, because
the statement involved is a mapping that is reversing symmetry, then for the mapping and procedure of
cryptographic algorithms used for an image, the request requires a measure preserving nature, and this
will be an interesting advanced topic to study.
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