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Abstract

The dynamical behavior of real-world phenomena is implausible graphically
due to the complexity of mathematical coding. The present article has mainly
focused on some one-dimensional real maps’ dynamical behavior irrespective
of using coding. In continuation, linear, quadratic, cubic, higher-order, ex-
ponential, logarithmic, and absolute value maps have been used to scrutinize
their dynamical behavior, including the characteristics of the orbit of points.
Dynamical programming software (DPS.exe) will be proposed as a new tech-
nique to ascertain the dynamical behavior of said maps. Thus, a mathemati-
cian can automatically determine one-dimensional real maps’ dynamical be-
havior apart from complicated programming code and analytical solutions.

Keywords

One-Dimensional Map, Cobweb, Orbit Diagram, Fixed Point, the Fate of the
Orbit

1. Introduction

Mathematical equations analytically reveal the idea of numerous expectations for
modeling all-natural phenomena. In this regard, dynamical systems demonstrate
a significant role and have an extensive and substantial aspect expressed by
prominent mathematicians [1]-[12].

One-dimensional maps play a crucial role [13] [14] [15] in predicting the nat-
ural behavior and physical object’s fate more precisely. The readers advised
reading [16] [17] to know the periodic and aperiodic actions in discrete one-

dimensional dynamical systems and the history of one-dimensional dynamics.
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Many studies [18] [19] [20] address real maps and dynamical behaviors with
different approaches. Clark et al prove the complex box bounds for real maps
[21]. Iwanaga and Namatame signified evacuation decision-making contagion
on a real map [22]. Jia et al proposed a mobility model based on a real map
for VANETSs to overwhelm the existing model’s disadvantages [23]. Joshi and
Blackmore effectively modeled the discrete evolution of space, biological, and
ecological sciences by exponentially decaying discrete dynamical systems [24].

Furthermore, many studies [25] [26] [27] [28] investigated one-dimensional
map characteristics under different conditions. Sushko et al discussed some ba-
sic concepts and definitions of non-smooth one-dimensional maps [29]. Some
studies [30]-[35] introduced new techniques to discover dynamical map fea-
tures. Medrano and Solis extended and improved the existing characterization of
general quadratic actual polynomial maps dynamics with coefficients [36]. Bai et
al. [37] analyze the invariant solutions of Coupled Burgers’ equations utilizing
one-dimensional optimum systems. The ground-state energy and entropy for a
one-dimensional Heisenberg chain with alternating D-terms are investigated by
Xiang et al [38].

Moreover, analyzing dynamical behaviors, such as fixed-point, iteration, orbit
under specific values, and the orbit’s fate, is challenging due to the complicated
mathematical calculation and programming codes [39] [40]. Therefore, in the
present study, one-dimensional real map-based techniques are proposed to
determine their dynamical behavior without complicated programming, com-
pressing a mathematician or physicist’s effort.

The progression of the current research work is as follows. The formulation is
thoroughly described in Section 2. Section 3 offers a numerical and graphical
discussion of the maps mentioned earlier. On top of that, we provide a detailed
comparison between numerical, visual, and DPS.exe analysis. The final words

are given in Section 4.

2. Methodology

In any research, one of the best unspoken tools is arriving at reliant elucidations
to the problems through systematic assortment and analysis. Firstly, the dynam-
ical behavior of one-dimensional stated maps is discussed using different coding
software [41]-[45]. Then, an executable FORTRAN coding system is used in the
background of the newly proposed software. In this regard, the two algorithms
are present. Finally, a comparison of graphical, numerical, and proposed soft-
ware is illustrated for the said maps. The newly suggested MS-Dos software al-
lows mathematicians to determine the above behavior of various one-dimensional

real maps except for any complicated code.

Developing Dynamical Programming Software (DPS.exe)

The first requirement is to introduce the works, for example, a flowchart to clas-

sify functions’ essence to explore the dynamical simulation framework. The dia-
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gram (Figure 1) depicts the developing technique and application of the process
of the newly proposed DPS.exe.

Case-I: One-dimensional first-degree map

The general form of the one-dimensional first-degree equation is y = f (x) =
ax+b, where aand b are the real constants, and xis the variable.

Fixed point analysis

A specific value of a,b the FORTRAN command [44] gives the output Fig-
ure 2(i). But in this case, if 5= 0 and x = 1, then f(x)=x and thus all the

Selection of the nature of equations:
for linear press 1, for quadratic press 2, for higher degree press 3

Pl

Graphical & Numerical representations and result analysis.

Figure 1. Working procedure of developing DPS.exe.

Your linear function is: f(¥)=aX + b i i i =
Pt ghe oalues of b The fixed point is at x 3.000000

And the fixed point is repelling
So the equation is: f<(X)= 2.000000 X+ -3.0A000AAA

. (i)
)
To see the orbits press 5, else press any number — —
5 IThe fate of orhit is: +Infinity
How many iteration points you want to see? (iv)
El’tsnt your initial seed Ho here:
The value of 1 th iteration is: 4.008000
Ths valnatcr 5 thiexation 331 3300000
e value o eration is: . 900006
The value of 4 th iteration is: 1i.90000 | For restart press 2
The value of 5 th iteration is: 19 .80808
The value of 6 th iteration is: 35 .00000
The value of 7 th iteration is: 67 .00000
The value of 8 th iteration is: 131 .6000 (v)

(iii)
Figure 2. Dynamical behavior of first-degree map function type (ii) value and nature of the fixed point (iii) orbit diagram (iv) fate of
the orbit (v) process of the new interface.
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points of f(x) will be the fixed points, which is x = 1L(a #1). This condition

will be (a#1) overcome using the IF statement in the first line in FORTRAN
command [44]. Again, when f (x) =y=x there is no fixed point, ie, the parallel

<—10000000 (this range

lines meet at infinity. If L>10000000 or
1-a 1-a

can be changed for more reliable calculation), the line is eventually parallel, so
no fixed point exists. Nevertheless, if —1000000 <1L<1000000 (under
—a
consideration), then there must be a fixed point presented by sct =1L. The
—a
nature of the fixed point [16] (attracting, repelling, or neutral) will be deter-

mined using the following conditions:

attracting; if | f'(x,

)|<1
x(,:sctz1 is < repelling; if|f’(x0)|>1.
)|=1

neutral; if [f'(x,

The nature of the fixed point entirely depends on the value of aas f'(x)=a,
f'(X,)=a. Therefore, the output of the FORTRAN executable (DPS.exe) in-
terface Figure 2(ii).

Orbit analysis

Let X=X, be the initial seed. Then the orbit analysis of f(x)=ax+b is
X = f(x)=ax,+b, f2(x)=f(f(x))=a(ax,+b)+b=a’x,+ab+b and
so on.

The output of this segment for f(x)=2x—3 with the initial seed X, =3.5
is presented in Figure 2(iii).

Fate of orbit

After continuing the iteration process sufficiently many more times, finally,
the fate of the orbit is presented in Figure 2(iv). Now, users may need to repeat
the process for any new function. This programming procedure automatically
returns to the initial stage Figure 2(v). This section’s output proceeds the ma-
thematician to the end of a program or the program’s initial phase.

Case-II: One-dimensional second-degree map

The general form of the one-dimensional second-degree equation is
y=f (X) =ax’ +bx+c, where a, band c are the real constants and x is the va-
riable.

Fixed point analysis

The specific values of a,b,c FORTRAN [46] give the output Figure 3(i).
—(b=1)+4/(b-1)* - 4ac

2a '

When (b —1)2 —4ac >0 then two fixed points exist, and those two fixed

points are

Fixed point of f(x)=ax’+bx+c is x=

—(b=1)++(b-1)* - 4ac ~(b—=1)-4/(b-1)° - 4ac
and
2a 2a

DOI: 10.4236/am.2023.149038

655 Applied Mathematics


https://doi.org/10.4236/am.2023.149038

M. S. Ullah et al.

Your quadratic function is: f(X)= ak2 + bR + ¢
put th: values of a, b, ¢

2 -3
So the quadratic function is: f(X)= 2.000000 K2 + -3.000000 X+
1.000000
Q)
51‘0 see orbits press 5, else press any number
The 1St fixed pOint is: 1'77137 BHtm many iteration points vou want to see?
1St fixed DOint is repelling Put your initial seed Xo here:
n.?

(it)

the 2nd fixed point is:

2nd fixed point is repelling The value of

The value of
The value of
The value of
0.2928%932 The value of
The value of
The value of

th iteration is: 1.680000
th iteration is: 1.604801
th iteration is: 1.336368
th iteration is: ©.5626559
iteration is: -5.4804396E-02

th iteration is: 1.

th iteration is: ©0.2285064
th iteration is: @A.4189110

(iii)

DU B W
-
=

The value of

Figure 3. Dynamical behavior of second-degree map (i) function type (ii) value and nature of the fixed point (iii) orbit diagram.

Therefore, the output of the FORTRAN executable (DPS.exe) file is pictured
in Figure 3(ii).

Orbit analysis

The output of this segment f(x) with the initial seed X,=1.7 demon-
strated in Figure 3(iii).

Case-III: One-dimensional third-degree maps

The general form of the one-dimensional third-degree equationis y = f (x)=
ax® +bx? +cx+d where a, b, ¢, and d are the real constants and x is the varia-
ble.

Fixed point analysis

For a specific value of a,b,c,d FORTRAN command [46] generates the
Figure 4(i).

Root process for finding fixed points

The fixed point is the point of intersection of y=f(x) and y=x. Using
Mathematica or any other programming command [41]-[45], one can find its
fixed points. As it is complicated and lengthy, the numerical procedure may help
to obtain the solution.

Numerical process for finding fixed points

The solution of finding the given equation’s solution is to set an initial value
of x. This value maybe —10,000 or less. Now choose f(x)=ax®+bx*+cx+d,
g(x)=x.

If f(x)=g(x),then xis a fixed point, start checking with —10,000. If both
f(x) and g(x) arenotequal, then do the process for x =-10000+0.00001

Similarly, if it is not equal yet, then do it again for x =-10000.00001+ 0.00001

All these procedures can be quickly done using the FORTRAN command
[46]. If any fixed point can be found, then the nature of the fixed point can be
determined by the logic of | f'(% )| .

For the specific function f(x)= x® +2x% —3x+4, the output is revealed in
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Your generalized cubic equation is here:
fOO= ak™3 + bR™2 + cX + d
put the uglues of

2 -3

a, b, c, d

So the equation is: f(X>= 1.000000 ¥*3+ 2.000000 X*2+ -3.900000
¥+  4.080000

put
-3.3
The
The
The
The
The

Not
The

()

-3.479817 is a fixed point.
This fixed point is repelling.

(i)

To see the orhit just press 5, else press any other numbep

How many orhits you wantto see?

your initial seed here:

value
value
value
value
value

of
of
of
of
of

1 th iteration is: -0.2569992
2 th iteration is: 4.886120
3 th iteration is: 153.7421
4 th iteration is:  3688759.
5 th iteration is: 4.9866912E+19

possible to go further ahead hecause,
fate of orhit is: +Infinity

(iii)

Figure 4. Dynamical behavior of cubic map (i) function type (ii) value and nature of the fixed point (iii) orbit diagram.

Figure 4(ii).

Orbit analysis and the fate of the orbit

If the iterative value for any specific function goes to <—10'" or goes to >10"
after some iterations, then the fate of the orbit goes to negative infinity or posi-
tive infinity, respectively. For the specific function f(x) with the initial seed
X, =—3.3, the output is visualized in Figure 4(iii).

Case-IV: One-dimensional higher degree maps

One-dimensional higher degree equation can be expressed in the following

form:
f(X)=a, +ax+a,x’ +ax +-+ax"

where a,,8,,8,,'-,8, are n numbers of coefficients and x is the variable. De-
veloping DPS.exe for the one-dimensional higher degree function is more com-
plicated, as described in the later section.

Equation generating technique

A glance at the development of DPS.exe for one-dimensional higher-degree

maps has been described in Figure 5.
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fix)=a Step 1: Initial value of function starts
0 from a, (named as constant term.)

| Step 2: Then update function by
| fix) =ap + a;x | adding ax.

Y

| fix)=ap+a;x + ale ‘____——{ Step 3: update function by adding a,x’.

Step n: update function by adding a,x"
and finalize function.

Y

f(xX)=a, +ax+ax’ +a,x’ +..+a,x"

Figure 5. Generating process of one-dimensional n-degree function.

Suppose anyone is interested to know the dynamical behavior of a function of
the 5™ degree. Then executing this part of programming displays Figure 6(i) and
needs to input the value of n as 5. Here the number of the variable associated
with each term depends on the desire of any individual. So there needs to build
an array of variables A Figure 6(ii) such as A (10,000). Now the focus is on the
value of those variables. Anyone needs to input the values of variables for any
specific degree function. Inputting the values of the associated variables, visual-
ize the complete process and associated programming code stored in DPS, exe
engine code. Then for particular values n=5 and coefficients, A =2,
A=-1, A=3, AA=-4, A =1, A =7, the entire function is demonstrated
in Figure 6(iii).

Numerical procedure obtaining fixed point

This procedure is identical to the numerical process of the third-degree equation,

n-1
the generalized form of f'(x) is f’(x)=2_na,x"". For the specific 5"-degree
n=0

function, the output of the following programming segment is portrayed in Fig-
ure 6(iv).

Orbit analysis and the fate of the orbit

This procedure is equivalent to the third-degree equation, and the output of
this segment of engine code unfolds in Figure 6(v).

Case-V: Experiment on Higher degree function

Here, the 6™-degree equation

f(x)=3+2x-7x*-1.5x*+2.2x* ~3.7x° +1.1x° has been considered. Then

DPS. exe exhibits the dynamical info in Figure 7(i) an Figure 7(ii). To see the
orbit for any specific initial seed, press 5, input the number of iterations (12, but
it depends on the user’s desire), and the initial seed’s value ( X, =3.1). The de-
sired interface is in Figure 7(iii).

Case-VI: Exponential maps

The generalized form of an exponential map is f (X) =ae™ +c, where a,b,c
are the arbitrary constants. The following source code asks the user of DPS.exe

for specific values of &,b,C and finally expresses the function. The process of
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Welcome to the n degree equation world.
What deqreenf equation you want to analyse?
S0, your equation is:
flo
+
ALR M
+
A2R*2
+
A3R*3
DI
A4K*4
Ly
ASK*S

Here Ao.A1.A2....are coefficients & X is the variable.
)
Now input the values of associated co-efficients:

flo =7

(ii)
So, your final equation is:
2 .000000
—;.@GBBBQ X~ 1
—;.@B@BBB R~ 2
;.@G@GGU X~ 3
;.@0@@@3 E e 4
;.06@3@3 X~ 5
(iii)

-8.6622863 is a fixed point.
This fixed point is repelling.

(iv)

To see the orhit of a point just press 5, else press other.
5
How many orbhits you want to see?
12

Input your initial seed herve:
-.5

The orhit of —0.5006000 is:

After 1  iteration the orbit is: 0.9687500
After 2 iteration the orbit is: 6.8580836
After 3  iteration the orbit is: 109180.0
After 4 iteration the orbit is: 1.0859594E+26

Need not to proceed more because,

The fate of orbit is: +Infinity.

)

Figure 6. Dynamical behavior of a" degree (2 = 5) map (i) choosing the degree of function (ii) coefficient value inputting (iii)
final equation (iv) value and nature of the fixed point (v) orbit diagram and fate.

Welcome to the n degree equation world.
6Nhat degree of equation you want to analyse?

S0, your equation is:
flo
+
ALR"M
+
A28"2
+
A3X"3
+*
A48"4
+
ASX*S
+
A6R"6

Here Ao,A1,A2,...are coefficients & ¥ is the variable.

)

5

The owrbit of 3.1008008

After 1
After 2
After 3

For restart press 2.

(iii)

To see the orbit of a point Jjust

How many orbits you want to see?
]

Input your initial seed here:

So, your final eguation is:
3 .000000
g

2.000000 ® 1
—;.00000@ ] 2
—;.SB@GBB X~ 3

5.28099@ ®* 4
—;.7@@@@3 X~ 5

I.l@B@BB X~ 6
9.6810968 is a fixed point.

This fixed point is repelling.

3.857418 is a fixed point.
This fixed point is repelling.

(i)

press 5. else press other.

iteration the orxhit is: 17.39354
iteration the orxbit is: 2.4760372E+87
iteration the orbhit is: Infinity

Need not to proceed more bhecause.
The Fate of orhit dis: +Infinity.

Figure 7. Dynamical behavior of nh degree (121 = 6) map (i) choosing the degree of function (ii) coefficient value inputting, final

equation, value, and nature of the fixed point (iii) orbit diagram and fate.
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finding the fixed point, nature of the fixed point, orbits, and fate of the orbit of
f (x) under a specific initial seed is the same as mentioned previously. The
dynamical behavior of f(X)=3e"" -2 appears in Figure 8(i). After pressing
5, the system will represent the orbit analysis for any particular seed X, =-0.9
in Figure 8(ii). Analogously, anyone can determine any exponential functions
dynamical behavior by changing the value of coefficients.

Case-VII: Logarithmic maps

The generalized form of the exponential map is f (x)=alog(bx)+c, where
a,b,c are arbitrary constants. The dynamical behavior of f (x)=2log(3x)+4
appeared in Figure 9(i) an Figure 9(ii). Here, the number of iteration is 15, and
the initial seed is 5.

Case-VIII: Absolute value maps

The generalized form of the absolute value map is f(x)=|axb|+c, where
a,b,c are arbitrary constants. The dynamical behavior of f (X) = |—2X3| -4

demonstrated in Figure 10.

3. Result and Discussions

Exploring the exactness of the obtained result using DPS.exe has to compare it

numerically and graphically. In numerical cases, the initial seed’s specific value

"General forn of exponential function is: F(x)=axe”hX+c

Pug the values of a, b and ¢ respectively.
a=?

3
h=?

1.1
c=?

-2

S0, the equation is: f(x)= 3.000000 *E*  1.100000 X+ -2.900000
-1.19652 is a fixed point

-1.196523 is attracting fixed point.

-8.9961863 is a fixed point

~-0.9961063 is repelling fixed point.

To see the orhit for any seed, press 5.

®

El‘o see the orbhit for any seed. press 5.

gow many iteration you want to analyse?

Isput your initial seed here:

The value after 1th iteration is: -0.8852699
The value after 2th iteration is: -0.8670608
The value after 3th iteration is: -0.8441391
The value after 4th iteration is: -0.8146249
The value after S5th iteration is: -0.7755895
The value after 6th iteration is: -0.7216734
The value after 7th iteration is: -0.6436849
The value after 8th iteration is: -0.5221936
The value after 9th iteration is: -0.3108940
The value after 18th iteration is: 0.13180799
The value after 1iith iteration is: 1.465383
The value after 12th iteration is: 13.83598

(i)

Figure 8. Dynamical behavior of exponential map (i) coefficient value inputting, final
equation, value, and nature of the fixed points (ii) orbit diagram of different iterations.
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General form of logarithmic. function is: f(x)=a*Log(h¥)+c

Put the values of a, b and c respectively.
a=?

2
b=?
3

c=?

So, the equation is: f{x)= 2.P0AAAA Log¢ 3.000A0A R+ 4.000000
4.6148613E-A2is a fixed point
4.6148613E-02is repelling fixed point.
10.99024 is a fixed point
10.99024 is attracting fixed point.
To see the orbit for any seed,. press 5.

@

To see the orbit for any seed. press 5.

1Eow many iteration you want to analyse?

5Input your initial seed here:

The value after ith iteration is: ?.416161
The value after 2th iteration is: 18.68287
The value after 3th iteration is: 108.93436
The value after 4th iteration is: 16.98104
The value after S5th iteration is: 10.98957
The value after 6th iteration is: 18.99112
The value after ?th iteration is: 18.99140
The value after 8th iteration is: 18.929145
The value after 9th iteration is: 18.99146
The value after 1@th iteration is: 18.929146
The value after 1ith iteration is: 18.99146
The value after 12th iteration is: 18.99146
The value after 13th iteration is: 18.99146
The value after 14th iteration is: 18.99146
The value after 15th iteration is: 18.99146
Fate of the orbit is: 18.99146

For restart press 2.

(it)
Figure 9. Dynamical behavior of logarithmic map (i) coefficient value inputting, final
equation, value, and nature of the fixed points (ii) orbit diagram of different iterations.

General form of absolute value map is:  f(x) =|a*X"b|+c

Put the values of a, h and ¢ respectively.
a=?
-2

h=?
3
c=?
-4
So, the equation is: f(x)= | -2.006000 X" 3.000000 i+ -4.000060
-1.128288  is a fixed point
-1.128288  is repelling fixed point.
1.391679  is a fixed point

1.391679  is repelling fixed point.
To see the orbit for any seed, press 5.

Figure 10. Dynamical behavior of absolute value map.

gives the following values f(x), f?(x)=f ( f (X)) , BP(x)=f ( f ( f (X))) ,

etc. On the other hand, graphical analysis shows the graph of a function,
fixed point, and orbit of the fixed point under a specific initial seed. It is more
apparent to determine the dynamical behavior from its graphical analysis. How-
ever, DPS.exe has been more straightforward for a mathematician to gather all

the information about dynamical behavior without programming knowledge.
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3.1. One-Dimensional First-Degree Map

Suppose the one-dimensional first-degree equation is f (x)=2x+1 and the in-
itial seed X, .

Numerical analysis

Therefore, f(x)=2x+1, f2(x)=4x+3, f3(x):8x+7 , f%(x)=16x+5,
-+, and so on. f(x)=x gives the desired fixed point, and the fixed point is
x=—1. This fixed point is repelling because if X, =—1.1 that is a nearby point
of the initial seed, then the orbit of the function appears as follows:

-11-5-12—>-14—>-18—>-.- andsoon.

Thus, the orbit of the function under the considered initial seed is —oo.

Graphical Analysis

The graphical representation of f(x)=2x+1 and its dynamical behavior
ensues in Figure 11.

Here, the orbit of the point for the given function is repelling, represented by
the blue staircase.

DPS. exe analysis

In this process, mathematicians need not apply any programming command,
just run DPS.exe and insert the coefficients. As f (x) is a linear function, after
clicking DPS.exe, press 1 for the linear function section, which is exhibited in
the appendix (A-I Figure Al.1).

Now for the function f (x) insert “2” as the value of “2”, and “1” as “5”. The
computer will then do the rest of the job to determine all dynamical behavior,
displayed in the appendix (A-I Figure A1.2).

DPS. exe also offers to see the orbit of the function for any desired initial seed.
For this, the user has to press “5” and enter. Then, insert the initial seed and the
number of iterations. Finally, the appendix demonstrates the interface (A-I Fig-
ure Al.3).

Finally, all comparisons of one-dimensional first-degree maps, namely, nu-

merical, graphical, and DPS.exe are presented in Table 1.

3.2. One-Dimensional Second-Degree Map

Suppose the one-dimensional second-degree equation is f (X) :%x2 —1. Then,

JI Graph of f(x) =2x + 1 ‘

1 I S e Graph of f(x) = x

\
\
2 \‘ Fixed point is at x = -1 ‘

Staircase for the iterative
-3 g
values of f(x)

-3 -2 -1 0 1

Figure 11. Graphical representation of one-dimensional first-degree map.
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as previously, the DPS.exe interface is displayed in the appendix (A-II Figures

A2.1-A2.3), and all comparisons of one-dimensional second-degree maps, name-

ly, numerical, graphical, and DPS.exe are presented in Table 2.

3.3. Higher Degree Maps

Suppose the one-dimensional higher (4™) degree map is
f (x)=2x" —3x® —4x® —=5x 7. The DPS.exe interface is manifested in the ap-
pendix (A-III Figures A3.1-A3.4), and all comparisons of one-dimensional

higher-degree maps are presented in Table 3.

Table 1. Comparison between numerical, graphical, and DPS.exe analysis.

Fixed point

Numerical analysis

-1.0 (have to solve f (X)=x

for x).

Nature of Fixed
point

Orbit for initial

Repelling (determined
from assumption).

-11-5-14—>-18—>---

difficult to continue this

seed xo = —1.1

process.

The fate of orbit

A sufficient number of

for initial seed

iterations is essential.

x=-1.1

Graphical analysis

—1.0 (additional programming
required).

Repelling (it is revealed by
taking an initial seed near the
fixed point and using a
graphical cobweb).

Values inserted in the list
variable can show using the
programming, but a little bit
complicated.

As the cobweb is heading
towards the significant negative,
assume that fate is —co.

DPS.exe analysis

—1.0 (system generated
automatically).

Repelling (the system determines this
and automatically represents its
nature to the user).

The system automatically generates
the orbitof f(X) for a given initial
seed inserted by the user.

Furthermore, the result is the same
as the numerical process.

DPS. exe automatically calculates
itself and generates the result as —co.

Table 2. Comparison between numerical, graphical, and DPS.exe analysis.

Fixed point

Nature of the fixed
point

Orbit for initial seed
x =-0.7

The fate of orbit for
initial see xo = —0.7

Numerical Analysis

—0.73205 and 2.73205
(have to solve f (X) =X

for x).

A large scale of
calculation and
assumption is required.

Complicate to continue
this process.

Same as previous

Graphical Analysis

—0.73205 and 2.73205 (additional
programming required).

—0.73205 is attracting fixed points,
whereas 2.73205 is repelling, which
arises by taking an initial seed near
the fixed point and additional
programming required for
graphical analysis.

Same as previous

Assuming from cobweb

DPS.exe Analysis

-0.73205 and 2.73205 (system
generated automatically).

—0.73205 is attracting a fixed
point, whereas 2.73205 is
repelling.

The system itself determines this
and automatically represents its
nature to the user.

Same as previous

Same as previous
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Table 3. Comparison between numerical, graphical, and DPS.exe analysis.

Fixed point

Nature of the
fixed point

Orbit for initial
seed x = 0.5

The fate of
orbit for initial
seed x = 0.5

Numerical analysis Graphical analysis DPS.exe analysis

As previously, it is complicated

as well as time-consuming. . —1.000064 and 2.774464
. —1 and 2.77447 (additional

Furthermore, various . . (system generated
programming required). -

methods have to apply to automatically).

determine.

Both the fixed points are repelling, Both the fixed points are
which arises by taking an initial seed  repelling.

Same as previous near the fixed-point and additional The system itself determines this
programming required for graphical ~ and automatically represents its
analysis. nature to the user.

Difficult to continue this . .

Same as previous Same as previous
process.

Same as previous Same as previous Same as previous

Table 4. Comparison between numerical, graphical, and DPS.exe analysis.

Numerical Analysis Graphical Analysis DPS.exe
Additional programming provides —1.991655 and 0.874379
Fixed point —-1.99067 and 0.874516 —1.99067 and 0.874516 are the fixed =~ Generated by the system
points. automatically.
One is attracting, and the other is One is attracting, and the
One is attracting, and th lling, which arises by taki ther i lling.
Nature of Fixed ne 1§ attrac 1'ng and the .rel'aé ing, which arises by ta. '1ng an other is repe' ing ‘ '
int other is repelling (from initial seed near the fixed-pointand  The system itself determines this
oin
P assumption). additional programming required for ~and automatically represents its
graphical analysis. nature to the user.
Orbit for initial . . .
Same as previous Same as previous Same as previous
seed x = —0.5
The fate of orbit for As the cobweb is heading towards DPS.exe automatically calculates
initial seed Same as previous the significant negative, the fate is itself and generates the result as
X =-0.5 -1.99067. -1.99067.

3.4. Exponential Maps
Suppose the exponential function is f () :%e2X — 2. Therefore, the DPS.exe

interface is demonstrated in the appendix (A-IV Figures A4.1-A4.3), and all
comparisons of the exponential map are presented in Table 4.
4. Conclusions

The one-dimensional real map is perceived as difference equations, iterated

maps, or recursion relations in mathematical systems that model a single varia-
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ble due to evolving over discrete steps. It has a remarkable significance in mod-
eling natural phenomena, for example, population dynamics, electronics, and
economics. However, this study has profoundly elaborated a possible one-
dimensional real maps coding system to know the dynamical behavior and pro-
posed a new technique, executable dynamical programming software in short
DPS.exe. The appropriateness of the proposed DPS.exe is then systematically
investigated graphically and numerically.

The present work conducted a theoretical, graphical, and extensive numerical
analysis to comprehensively explore one-dimensional real maps of dynamical
behavior: first-degree, second-degree, third-degree, nth-degree, exponential, lo-
garithmic, and absolute. The main focus is on one-dimensional real maps to
demonstrate dynamic behavior in the system. A sensible relationship between
the graphical, numerical, and DPS.exe has drowned. Furthermore, DPS.exe is
an effective software for determining the dynamical behavior of one-dimensional
real maps rather than general calculating, Mathematica, or other programming
languages. This analytical research suggests that the newly proposed MS-Dos
software allows mathematicians and physicists to determine various one-
dimensional real maps’” dynamical behavior without complicating programming

code. We plan to analyze the chaotic maps using the current mechanism.
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Appendix A

A-I: One-dimensional first-degree map

What kind of function you are looking for?

For Linear function press 1

For Quadratic functionpress 2

For Third degree function press 3

For miscellaneous functions press 4

And for higher degreefany?,. press any other number

il
Your linear function is: f<H>= all + b
Put the values of a. b

Figure Al.1. Identifying the desired function.

Your linear function is: f<¥d= al + h
Put the values of a. h

2
il
So the equation is: f{X>= 2.988080 A+ 1.8A88808

The fixed point iz at x= -1.0000008

And the fixed point is repelling

Figure A1.2. Identifying desired function’s fixed point.

To see the orhits press 5, else press any numbher
How many iteration points you want to see?

Put your initial seed Xo here:

The value of 1 th iteration is: -1.2000600
The value of 2 th iteration is: -—1.400060
The value of 3 th iteration is: -—1.800000
The value of 4 th iteration is: -2.680000
The value of 5 th iteration is: -4.200801
The value of 6 th iteration is: —7.4000862
The value of ? th iteration is: -—13.80068
The value of 8 th iteration is: -26.60001
The value of 9 th iteration is: -52.200801
The value of 18 th iteration is: -103.40060
The value of 11 th iteration is: -205.8060
The value of 12 th iteration is: —410.6061

The fate of orbhit is: —Infinity

Trae svmndawmd smesan~ 9

Figure Al.3. Identifying desired function’s nature of the fixed point.

A-II: One-dimensional second-degree map

What kind of function you are looking Ffor?

For Linea» function press 1

For Quadratic functionpress 2

For» Third degree function press 3

For miscellaneous functions press 4

And for higher» degreefany?,. press any other number

=2
Your guadratic function is: FlH>= a2 + hX + c
put the values of a. b. c

Figure A2.1. Identifying the desired function.

DOI: 10.4236/am.2023.149038 669 Applied Mathematics


https://doi.org/10.4236/am.2023.149038

M. S. Ullah et al.

Your gquadratic function is: F(Hd= a¥=x2 + b¥ + ¢
put the values of a, b. C

Ej

-1

80 the quadratic function is: f{¥)= 0.5000000 A2 + 0.0000000E+00X +
-1 .0868008

The 1st fixed point is: 2.732851

1st fixed point is repelling

the 2nd fixed podint is: —-8.7320583

2nd fixed point is attracting

Figure A2.2. Identifying desired function’s fixed points.

5Tn see orbits press 5, else press any number

120“ many iteration points you want to see?

gug your initial seed Xo here:

The value of 1 th iteration is: —0.7558000
The value of 2 th iteration is: —-0.7149875
The value of 3 th iteration is: —0.7443964
The value of 4 th iteration is: —0.7229378
The value of 5 th iteration is: —-0.7386811
The value of 6 th iteration is: —-0.7271751
The value of 7?7 th iteration is: —-0.73560882
The value of 8 th iteration is: —0.7294403
The value of 9 th iteration is: —©.7339584
The value of 18 th iteration is: —-0.73686525
The value of 11 th iteration is: —0.7330735
The value of 12 th iteration is: —-80.7313017
The value of 13 th iteration is: —-8.7325998
The value of 14 th iteration is: —0.7316494
The value of 15 th iteration is: -0.7323446

Figure A2.3. Identifying desired function’s nature of the fixed points.

A-III: Higher degree maps

What kind of function you are looking for?

For Linear» function press 1

For Quadratic functionpress 2

For Third degree function press 3

For miscellaneous functions press 4

nnd for higher degreeany), press any other number

)
Welcome to the n degree equation world.
What degree of equation you want to analyse?
So. your equation is:

Ao
-+
ALX™1
-+
A2R"2
+
A3X"3
+
A4X*4

Here Ao0.A1.A2....are coefficients & ¥ is the variable.

Figure A3.1. Identifying the desired function.
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Ao = 7

—7

AL = 7
—0

2z = 7
—<4

A = 7
—3

A4 = 7
2

Figure A3.2. Inputting desired function’s associated co-efficient.

Mow input the values of associated co—efficients:

-E.Eﬂﬂﬂﬂﬂ 4
—;.BBBBBB i
—g.EEBBBE -

E.EEEBEE e

[ So. Enur final equation is:
-7 .8000608

1
2
3

4

-1.0860064 iz a fixed point.
This fixed point is repelling.

2.774464 iz a fixed point.
This fixed point is repelling.

Figure A3.3. Identifying desired function’s fixed points

and nature.

5
EHnu many orbhits vou want to see?

IEput your initial seed here:

The orbit of 0.5000000 is:

Need not to proceed more hecause,
The fate of orhit is: +Infinity.
For restart press 2.

Figure A3.4. Identifying desired function’s fate of the orbit.

After i iteration the orhit is:
After 2 iteration the orhit is:
Af ter 3 iteration the orhbhit is:

To see the orbit of a point just press 5. else press other,

-10.75880
30028.77
1.6244185E+18
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A-IV: Exponential maps

What kind of function wvou are looking for?

For Linea» function press 1

For Quadratic funntiuniruss 2

For Third degree function press 3

For miscellaneous functions press 4

And for higher degree{any’. press any other number

Dynamical behavior of miscellaneous functions.

For dynamical bhehavior of axgnnantial function press 1.
For logistic function press 2.

For Absolute value function press 3.

For trigonometric function press 4.

For other function press any other number.

General form of exponential function isz: Flxd=ame"h¥+c
Pu% the values of a. b and c respectively.
a-

Figure A4.1. Identifying the desired function.

1
General form of exponential function is: F{x)=a=e“hR+c

Put the values of a, b and ¢ respectively.

a=?

B.5

h=?

2

c=7

~2

8o, the eguation is: f{x)= 0.5000000 =E*  2.000000 A+ -2.P00808
-1.99165 is a Fixed point .
-1.991655 is attracting fixed point.

0.8743794 iz a fixed point
0.8743794 iz pepelling fixed point.

Figure A4.2. Inputting desired function’s associated co-efficient and identifying fixed

points & nature.

To zee the orbit for any szeed,. press L.

How many iteration wou want to analyse?

12

Input your initial seed here:

—A.

The value after 1th iteration i=: -1.816868
The value after 2th iteration i=: —-1.986778
The value after 3th iteration is: —1.99685%97
The value after 4th iteration is: —1.998668
The value after Lth iteration is: -—-1.998678
The value after 6th iteration is: -—-1.998678
The value after 7th iteration is: —1.9986%74
The value after 8th iteration iz: —1_.97867A
The value after ?th iteration iz: —1_.97867A
The value after 1@th itewation is:- —1.9798678
The value after 11th iteration is:- —-1.7780678
The value after 12th iteration is:- —-1.9778678
Fate of the orbit is=: -1.9970867A

Figure A4.3. Identifying desired function’s fate of the orbit.
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