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Preface

The International Conference on Applied Sciences Mathematics and Informatics (ICASMI) is an annual
conference hosted by University of Lampung that brings together academics, scholars and researchersfrom
around the world to meet and exchange the latest ideas and discuss issues concerning al fields of sciences,
mathematics, informatics and their application. It also allows representatives of industry, government
employers and postgraduate students to have an opportunity to discuss with experts on some issues they
concern.

The theme for ICASMI 2018: “The Contribution of Sciences on Sustainable Valorization of Natural
Resources” is to highlight the role of sciences tackling problems and creating synergies with other fields
on sustainable valorization of natural resources. The conference will provide researchersand scientistsfrom
mathematics and computer science, researchers from various application areas such as physics, chemistry,
life sciences, and engineering, as well as in education and social fields, to discuss problems and solutions
in the area, to identify new issues, and to shape future directions for research.

We would like to acknowledge al of those who have supported ICASMI 2018. Each individual and
institutional help were very important for the success of this conference. Especially we would like to thank
the organi zing committee for their val uable advicesin the organi zation and helpful peer review of the papers.

We hope that ICASMI 2018 will be a forum for excellent discussions that will put forward new ideas and
promote collaborative researches. We are sure that the proceedings will serve as an important research
source of references and the knowledge, which will lead to not only scientific and engineering progress but
also other new products and processes.

Dr. Junaidi, M.Sc.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY

of thiswork must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by 10P Publishing Ltd 1
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Important Dates

Registration Schedule

Deadline for abstract submission July 22th, 2018
Notification of acceptance June 10t - July 26, 2018
Registration payment (presenter) August 2"9, 2018
>Registration payment deadline (non presenter) August 2", 2018
Conference August 9t - 11th, 2018
Deadline for full paper August 315, 2018

Conference Schedule

« August 9, 2018

Time Activities

07.30 am Registration

08.30 am Opening Ceremony

08.40 am Indonesian National Anthem
08.45am Al-Qur'an Recitation

08.55 am Traditional Dance
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The Implementationof Digital Text Coding Algorithm
Through A Three Dimensional Mapping Derived From
Generalized AA-mKdV Equation Using Mathematica

Notiragayu! and L Zakaria®
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 thiswork must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by 0P Publishing Ltd 1
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2. Encryption-Decryption Algorithm For Digital Text Submission Using Mapping:An llustration
Consider the following nonlinear mapping:

yn 1 ge (yn) (1)

where
Uy: R? R?

(Xy) > —, x.
X

It can be examined that equation (1) is a 3-periodic nonlinear mapping with the parameter values
and  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 and

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 n = 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(x) I(y) m N.

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';r N.

4. Select the parameter value 0 and make it as the key value.

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

2. Perform the mapping iteration process provided until it reaches the r iteration, thatisg";r 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 AA-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 AA-mKdV equation

follows:
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1V|,mV|,m 1 2V| 1,mV| 1m 1 3V|,mV| 1,m 4V|,m 1V| 1m 1 0. (2)

with . 4 ,P, 4 ,P, 3 ,dad , , Q.
Using the following transformation

V,

I,m

V. where n zl 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
VNV MoVans, Ve, NoVasn. O ®)
Equation (3) is a form of traveling wave solution from AA-mKdV. It can be examined that the
equation (3) is invariant for a transformationz™ z,p™ p, andz S Z,. Besides that it also

fulfills the periodic nature, namely i z,,j 1z, .Equation (3) is equivalent to mapping

VO 3\/21 1sz
7z 7, 1
4V22 2VZ1
Vz'1 7, 2 Vz1 z, 1 (4)
Vl' V2
V, V,%

Select z, 1 andz, 2. The third order difference equation of equation (4) can be stated as
follows:
1VnVn 2 2Vn 1Vn 3 3VnVn 1 4Vn 2Vn 3 0
which is equivalent to the following three-dimensional mapping:
Vn 3Vn 2 1Vn 1

Vn 2
4Vn 1 2Vn 2
Vii Vi (®)
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

<

=}

2

Z ni
n

n1l

V,

n

< <

Suppose that © is a parameter vector inR*: (,, ,, 5, ,). Therefore, three-dimensional
statements can be reduced to a two-dimensional mapping, namely:

Zn 1 ge (Zn)

where

w
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Os: R? R®
6
(X,y) = —]-L,X . ()
X o X 4

2

\Y, Vv
where Y V"—land X V” . It can be checked that the mapping in equation (6) has an integral

n nl

(there is a function S:IR*  Rso that S({,,) S(C,) forall n N) [8]. If -1, -2 and

4 4

-3, then the map in equation (6) can be written as
1

g = R R?

1 X (7)
xy) » ——— x.
Xy x 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;0=0.0001523; 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]]]

V. 1 KAl ADY YAl &y LAl 4o= a0 32 SA ARG LW TR LNA-AVL XlAav LuL
1.5 D' a0y =2 - Ve M, Loz 4N 384 I 187 A8 O ! b |
AL ROY YL Lot 1D MY 9, 39 Lik 116 A% 175K 1in 22 ~a
=t AL ALY 1SF AVl LLL LLE L0 Li= 3 T A7 20 i PEe B B SR | T
1L 31 v w - AL fu AL L0 42 1JY A1o 3 v 117
3U 4.5 1% YWY oAl% LAl 4L A gL 1J. 1J2 181 =3 Lle L) §
i RT3 I 1 OIS I T e 2J3 =¥ 1106-311 ¢ e
B o LTI EK S S SR (B " IR 4 YR £ 4 - 91473171 11931 Le
157 1A 18% 1TCA 101 195 1 472 an £ 57 110 410 2 20
192 190 190 190 58 19L 1UI 11U 1kt 492 12% 121 110 210 231
dad A9L W 1LY 190 1VE 1= Q1D 103 Y RENE 162 a2 112
43 Y2 A0 A3 18 197 219 131 3% 1€ V1 15y 111 92 53
192 13158 192 35 1Yk 13T 118 3l T2 1AR1IT 106 40 « & T

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
0.0001523and

ASCII code (based on go). Another output of the program, for parameter values

s b Pty 1 - . - .-
.:.t)O')o'etss.uu (2.C420CC LR 0202 9.2CC9303033€27CLL) €.020€202233100C s LR AL b e L
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Lo e e R L . e e e T oy PN e e
LS.f3020030cT B L FLSCCNi03080Cee S ¢.820¢8303 (SeCedoCCaaaTCnoRa
= fanTamiag IR Rl PR b PR Ao & WsAATETISIGY oATACYY (M PNV 2NAar s
L LR LLERR LIPS L b ) ANLELE R R L M By LR MI VAN Y LENLLERLLER DL B ) I 1srRIP v RN
e MV ULV datuN T delBJAV ISV S FLoALT VIV rLarUY sl LLVLuL UG B L R L Y
3 LA VR e e LR TS TP EE DI IO PR e w
<. [DafaddCint™aiom: DL HI0ICTIRCIIL G0, (Dafa3380.0020k33:
. (€ IDCCeIDECa e [D.¢edDC002 EEE T (6 IDCCAIDCLTITT LD
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L ; LF LR A e " . J L RN LY raa e
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8.1037277, we have the following numerical data.

. V-UB «ULWVeUL LY. -'\ :

ATACACT 2NCPARTAL :

BEVIE 4100 L A HIse
PNAVL UL LTI A T
-

soczocioto:s

QIocTocsozec
LR L )
AACTACT 22482200

MRy AL A
PNLULLVUL LAY 3Rt
SNVl LUV L D0

AL rI I T RL

= 43N
NN AATAE 8 ST 3
LR RN R R R
JANLN IS Lee IaT
VWL NNV ATIT AN
JHALNILENE c X E WD)
ASCCHIDENAIII 00N
{ B
I AR RNt eI A
M rErRITT Nl &L W)
IV ALV IAS e AT .U
IZCCren
e,
€ 3OS 323 .33 L8
I »-:cn:u--::cu:;
oM E Ry taar a
I AR YIS NN T
LRI Y AL
R S R S
L AN I Mad i a0

P AL R ILUL LRI SUNE
P ves e D
(D.¢#32E0¢s2
P e e
ERLE I
(M reYWALK
prrRry L
el R IAULeTaaVE
[ CeVwAre
R T
[S.¢e33C0C30373 07204
Lt e s voas
N AAVWASANTRONATG )
LR RO R e
| ol N JAUL 30S "L JBeDE!
oo '

L JVaUL |

(DaCad22082E2D

|:.¢t’x0<&!l¢¢)°"“1
Lr v s A Ay
[N faV W AcdITeT e
L ERTRE N A TN
I N IAUL IS0 kTl
el B I UL et iniut

VUL IULUL e LS e
-
€.0Z0¢303wC "0
" o e
.0C20Z0CLazul
O ACWTAC I T4
UL LLER LERR L LA L2 LR LN B
VUl U UL dat o dwit
A ACAATAL T IYar Iy
VUL JVLUL LG
C.0C3020¢aT
A A e s aw
WATACANIANTARC LGS
LLBR LA LERRLLEL A BTl B

O e e

VUL JULUL LAt vt
TR TR TN ) e
0.943020¢50
G.0¢30z0ct0zm
O e
O ACWITACTITAI NI,
LLBLLLES LSRR BN Ll B
VoL JULVL LY O R dat
VoUlJU UL LG s L.

LR S TR

R DR R R
€ IDCCHIDaCLTE 10N,
R N e R
L L R R

10 AW AR YMIZ WA r
I IR IRITII AN BRI
W JALNINYN D BN D
LAl Bl b P 1.‘"!\
R
I R L R
oNE R LAY e NN
AR ENRE AT Y
IR ImR T NLT O
IV JAMNIMEN YA IS
IV JAANR I\ Y I AL L
woreaw oo s
& 3338 e
" )xeu:vuucn:
O
Rl R LY L I'I.
IR ERITILACA a1
L L L
S N LR = R

Figure 2. The results of the conversion of text data to numeric data with the choice of parameter
values 0.0001523and 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 AA-
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]

LAENL-
A LI
CIE°55040)e aoantasy

142 TALLA

= AMMICATNESGT A
(NS AEE RN 1OV FI U SR [T
CAS T ANASTAE i S VTINE AN D
LA M 2
9. ‘ _l' m
W4T 0 AN R L35RA874°
SOAL 1SRAT aoanne (R Rl CTRQIEITAN CLCON TTICNANNY RN AT

SCIASEEI0IET 0,020 A 2023080 D ODILE0TIEAE L] L0 E0ISE0ITY € 20T2347026003

Figure 3. The results of the conversion of text data to numeric data with the value of the choice
parameter 0.05234, a = 0.7125,and  =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 = 0.05234, =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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