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Abstract: This paper reveals a nonlinear mathematical Fisher-Kolmogorov-Petrovskii-Piskunov (F-KPP) equation in a
biological system. This model has much importance in population genetics as well as nematic liquid crystals, explaining
the reaction-diffusion system through traveling waves in population genetics as well as pattern formation in bi-stable
systems. We use a fractional derivative to improve accuracy as well as understand the dynamics of the model. By utilizing
the modified simplest equation method, we investigate the distinct kinds of exact wave solutions involving trigonometric,
hyperbolic, and rational functions. To obtain and verify the solutions, we use the Mathematica software. We demonstrate
the obtained solutions through 2-D, 3-D, and contour plots with the use of the Mathematica tool. The main contribution
of this paper is to analyze the qualitative analyses, including stability analysis, modulation instability, and asymptotic
analysis. At the end, the gained solutions are fruitful in different areas, like ecology, gene mutation, combustion theory,
phase transition, and many others.
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1. Introduction

The study of nonlinear partial differential equations assists in modeling and understanding physically complicated
problems such as wave motion, fluid dynamics, plasma physics, and light propagation in certain media. These equations
become useful because they quantify and explain the movement, interaction, and dynamic change of waves in time and
space. Fractional derivatives are a mathematical concept that extends the traditional derivative to non-integer orders.
They are used to model complex systems and phenomena that exhibit memory or hereditary properties. To improve the
accuracy and understanding of the model, different kinds of fractional derivatives are utilized, such as the Caputo fractional
derivative [1], the B-time fractional derivative [2], the Riemann-Liouville fractional derivative [3], the Conformable
fractional derivative [4], the Caputo-Hadamard fractional derivative [5], and many others.

The concerned space-time F-KPP model is given in [6]:
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8+ V(gur +28xy + 8yy) — (8x + &) +3(g) =0. 1)

Here g is a wave function that denotes the chemical concentration depends upon the spatio variables x and y and the
temporal variable r. While v represents a positive diffusion coefficient. Eq. (1) is a type of reaction-diffusion system
that may be utilized in population growth and wave propagation models. This model is used in population genetics as
well as nematic liquid crystals, explaining the reaction-diffusion system through traveling waves in population genetics
as well as pattern formation in bi-stable systems. Eq. (1) is named the Fisher-Kolmogorov-Petrovskii-Piskunov model by
Ronald Fisher, Andrey Kolmogorov, Ivan Petrovsky, and Nikolai Piskunov. This model has been discussed by different
researchers and mathematicians with the help of different methods, including the modified direct algebraic technique
[6], the wavelet collocation scheme [7], the generalized extended direct algebraic technique [8], the (1/G)-expansion
scheme [9], the regular perturbation technique [10], the modified extended direct algebraic scheme [11], the generalized
Sinh-Gordon equation technique [12], etc.

Our concerned scheme is the Modified Simplest Equation (MSE) scheme. This scheme is a mathematical approach
applied to obtain exact solitons for nonlinear partial differential equations as well as nonlinear partial fractional differential
equations. This method was developed by Nikolay K. Vitanov and others; this methodology has undergone significant
developments and extensions. Many models are solved by utilizing this method, including the Whitham-Broer-Kaup
equation [13], the Schrodinger-Hirota equation [14], the coupled Boussinesq equations [15], the Konopelchenko-
Dubrovsky equation [16], the new Hamiltonian amplitude equation [17], the Radha-Lakshmanan equation [18], etc.

The motivation of our research is to explore the new exact wave solitons of a (2 + 1)-dimensional truncated M-
fractional F-KPP model by utilizing the modified simplest equation technique. The concerned model in the concept of
truncated M-fractional derivative is helpful to understand the phenomenon. This definition of fractional derivative satisfies
the properties of both fractional and integer orders, while the other definitions of fractional derivatives (e.g Caputo or
Riemann-Liouville) do not. The truncated M-fractional derivative provides solutions close to the numerical solutions of
the concerned model. In the future, the obtained results can be compared with the numerical results of the concerned
model given in [19]. Moreover, different analyses, including the stability analysis, modulation instability, and asymptotic
analysis of the concerned model, are performed.

There are distinct sections in this paper; technique is explained in Section 2, mathematical analysis and exact wave
results are mentioned in Section 3, graphical interpretation is given in Section 4, stability analysis is explained in Section
5, modulation instability is performed in Section 6, asymptotic analysis is described in Section 7, and we conclude in
Section 8.

1.1 Truncated M-fractional derivative

Definition 1 Suppose g(y) : [0, ) — R, so Truncated M-Fractional Derivative (TMFD) of g of order € is given in
[20]:

, E
Dy "8 (y) = lim === . £€(0, 1], p>0, 2)

here, E, (.) shows a Truncated Mittag-Leffler (TML) profile [21].

i Zj
E,(z) = ———, p>0and zeC. 3

Co iporary Math tics 5506 | Asim Zafar, ef al.




Theorem 1 Suppose a, b are the real numbers and g, f are e-differentiable for y > 0, from [20]:

(a) Dy 5, (ag(y) + b (y)) = aDy; 5 8(v) +bDy P f ().

(©) Dy 5 (8(0)-f(9) = 80Dy P, f () + F()Dy; P g ().

g(y) - 0Dy Pe(y) — gDy A f ()

)DL P =
© Di sy GOk

(d) Df{,}ff +(C) =0, where C is a constant.

yi7e dg(y)

£ p _

4)

®)

(6)

)

®)

Like Riemann-Liouville derivative, the truncated M-fractional derivative has a more straightforward definition and

is easier to apply in certain contexts. Like Caputo derivative, the truncated M-fractional derivative has a different kernel

function, which can be beneficial in certain applications. The truncated M-fractional derivative provides more flexibility
in modeling systems with different types of behavior. This definition of fractional derivative is used for many models,
including the generalized Kudryashov’s equation [22], the Kuralay-II equation [23], the Davey-Stewartson-Kadomtsev-

Petviashvili equation [24], etc.

2. Modified simplest equation technique

Some of the steps are given as.
Step 1: Consider a NLPD equation:

S(h, h*hy, he, hyy, hea, hye, ...)

|
e

Supposing a traveling wave transformation:

h(y, ) =H(U), U=y—A80.

Putting Eq. (10) into Eq. (9), yields;
Z(H,H*H ,H , ..)=0.

Step 2: Assuming the result of Eq. (11) mentioned is:
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H(U) =bo+ i b, ¥/ (V).
j=1

Where b;(j =1, 2, 3, ...) are to be found where b,, # 0.
A novel function ¥(U) fulfills this:

!

¥ (U) = P2 (U) +A,

where A is a constant.
Consider the solutions of Eq. (13) based on A:
Case 1: when A < 0;

¥(U) = —/—Atanh(v—A U).
¥(U) = —v/—Acoth(vV—A U).
W(U) = vV—A( —tanh(2v/—A U) +i sech(2v/—A U)).

¥(U) = vV—A( —coth(2v/—A U) £ esch(2v/—A U)).

Y(U) = —@ (tanh <\/2_7A U) + coth (\/? U))

Case 2: when A > 0,
¥(U) = VAtan(VA U).
¥(U) = —VAcot(VA U).
¥(0) = VA(tan(2VA U) + sec(2VA U)).

¥(0) = VA( —cot(2vVA U) +csc(2VA U)).

Y(0) = g (tan (\/ZZ U> —cot <\£K U)>

Case 3: when A =0,

Co iporary Math tics
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@
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Y(0) = - 24

1
ik

Step 3: Putting Eqs. (12) and (13) in Eq. (11), and collecting the coefficient of each power of W(U). Putting each
equal to zero, a system is obtained involving b; and others. Solve a given set to obtain values.

Step 4: By using Eq. (13) along with the above obtained solutions into Eq. (12), attain the exact solitons for Eq. (9).

There are many merits of the Modified Simplest Equation (MSE) method. Instantly, this method provides a direct
and efficient way to find exact solutions of nonlinear PDEs, reducing the complexity of calculations. This method can
be used for a broad range of nonlinear PDEs, including those with variable coefficients and nonlinearity. This method
can provide insight into the structure of solutions, including the relationship between different terms and the role of
nonlinearity. Unlike some numerical methods, this method does not require initial guesses, which can be advantageous
in certain situations.

3. Mathematical analysis

In our research, we consider 3(g) = g> — g given in [25] in Eq. (1), we get:

8 V(g +28n +8yy) — (8x+8) +8 —g=0. (25)

By using the concept of truncated M-fractional derivative, Eq. (25) can be written as:

, %, P %, , ,

Dy he+v(Dy Pe+2Dy, P (D5, h8)+ Dy Pe) — (D Pg+ Dy ) +8° —g =0. (26)
T(p+1

gy ) =6), o= ey ey @)

Where, @ represents the wave velocity.
By applying the Eq. (27) into Eq. (26), we get:

(0—2)G +G*+4vG" -G =0. (28)

Applying the homogeneous balance technique and balancing the terms G” and G>, we achieve m = 1. Now, we will
find the exact wave solutions with the use of the modified simplest equation method.

3.1 Exact wave solutions

Eq. (12) becomes for m = 1:

G(3) = by + b1 P(V). (29)

Inserting Eq. (29) in Eq. (28) with Eq. (13) yields.
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Set 1:

1 1
bp=0,b)=—, =2, v=—7>%.
{ 0 s U1 \/TA’ [ , V 8A}
According to the Egs. (30), (29), (27), and (14), we get:

glx,y,t)= :F%A(\/—iAtanh(\/—iA 0)).

ﬁ

By applying the Eqgs. (30), (29), (27), and (15), then:

g(x, y, 1) = F——(v/—Acoth(v/—A U)).

E_

From the Egs. (30), (29), (27), and (16), we obtain:

1

g(x, y, 1) = £——(v/—A((—tanh(2v/—A U) + i sech(2v/—A U)))).

V—A
By using Eqgs. (30), (29), (27), and (17), then:

1

glx,y, 1) = iﬁ(\/—iA((—coth@\/—iA U) +esch(2v/-A U)))).

By utilizing Egs. (30), (29), (27), and (18), authors gain:

N e (YLD (D))

A\~ 2

According to the Egs. (30), (29), (27), and (19), authors obtain:

g, 3. 1) = £ —=(VAun(VA D))

ﬁ

By using Egs. (30), (29), (27), and (20), then:

g(x7 Vs t) = :Fi(\/ZCOt(\/K U))

D_

From the Eqgs. (30), (29), (27), and (21), we get:
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glx, y, )= :t\/%(\/l(tan@\/& U) £sec(2VA U))). (38)

By using Egs. (30), (29), (27), and (22), then:

glx, y, 1) = i\/%(\/g( —cot(2v/A U) £ csc(2vVA U))). (39)

By utilizing the Egs. (30), (29), (27), and (23), then:

o502 (B an (B ) oL ) v

Where © = (xf +y° +21%).

Set 2:

I(p+1)
£

1 1 3 1
bo=4-,bj=t—— O=2F—— v=— . 41
{0 27 T A T oA 32A} “1)

According to the Egs. (41), (29), (27), and (14), authors gain:

glx, y, 1) = j:% <1 + \/%j(\/jAtanh(\/—iA U)) : (42)

From the Egs. (41), (29), (27), and (15), we get:

glx, y, 1) = i;<1+¢1_j(\/—7coth(\/—? U)). (43)

By using Eqgs. (41), (29), (27), and (16), then:

glx, y, 1) = j:% (1 - \/%(\/TA( —tanh(2v/—A U) +i sech(2v/—A U))> . (44)

By utilizing the Egs. (41), (29), (27), and (17), authors obtain:

g(x, y, 1) = i% (1 — \/%j(\/—?( —coth(2v/—A U) +esch(2v/—A U))) : (45)

According to the Egs. (41), (29), (27), and (18), we get:
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o=t (1L (Y (a0 eon (2 0) )

2 2

V—-A

By using Egs. (41), (29), (27), and (19), then:

1 1
glx, y, 1) =+5 (1 — ﬁ(\/&an(\/x U)).

From the Eqgs. (41), (29), (27), and (20), authors gain:

glx, v, t)= :I:% (1 + \/%(\/Kcot(\/g U))

By using Egs. (41), (29), (27), and (21), then:

1

5 ﬁ(\/x(tan(%/l U) +sec(2vVA U))) :

g(xv Y, t) = :l:l <1 -
According to the Egs. (41), (29), (27), and (22), we obtain:
glx, y, 1) = i% (1 - \/%(JZ( —cot(2VA U) £ csc(2VA U))) .

By utilizing the Egs. (41), (29), (27), and (23), we achieve:

=4 (1 o (B an (L 0 e L))

F(p+1)< ( 3 ) )
Where U= ——= [ xf +)F 2 £ ).
ere e X +y"+ 424\/1

4. Graphical interpretation

C

(46)

47

(43)

(49)

(50)

(1)

In this section, the gained results are demonstrated through two-, three-dimensional, and contour Figures 1-7. The
2-D graphs are shown at € = 0.4, 0.8, 1 to represent the effect of TMFD on the gained exact solitons. Moreover, we
added the importance of the solutions.
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Figure 1. Graphical representation of g(x, y, 7) appearance in Eq. (31) for A= —1 and p = 1. (a) demonstrates the kink-like 2-D graph when
—10 < x < 10 for € = 1 and y = 0 at different values of 7. The purple color represents the graph at r = 0, the orange color denotes the graph at 7 = 1,
while the green color demonstrates the graph at r = 2. We can observe that the wave solution is time-dependent because the phase of the wave solution
is shifted with time. (b) displays a 2-dimensional graph if —7 <x < 7 for t = 0 and y = 0 at different values of €. The red color shows the graph at
€ = 0.4, black color denotes the graph at € = 0.8, and blue color represents the graph at € = 1. We can observe that the wave solution is € dependent
because the width of the graph changes with the change in the value of €. (c) demonstrates the 3D plot when —10 <x < 10and —10<y < 10ate=1
with ¢+ = 0. This shows that the wave solution has a symmetric property because the wave solution has a sharp transition in both x-direction and the
y-direction. (d) indicates a contour graph when —10 < x < 10 and —10 <y < 10 at € = 1 along with # = 0. Kink-like solution has many applications
in different fields such as physics, materials science, biology, cosmology, etc
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Figure 2. Graphical representation of g(x, y, #) appearance in Eq. (32) for A= —1 and p = 1. (a) demonstrates the singular wave 2-D graph when
—10 < x < 10 for € = 1 and y = 0 at different values of t. The purple color represents the graph at r = 0, the orange color shows the graph at 7 = 1,
while the green color denotes the graph at # = 2. We can observe that the wave solution is time-dependent because the phase of the wave solution is
shifted with time. (b) displays a 2-dimensional graph if —4 < x < 4 for# =0 and y = 0 at different values of €. The red color shows the graph at € = 0.4,
black color denotes the graph at € = 0.8, and blue color represents the graph at £ = 1. We can observe that the wave solution is € dependent because the
width of the graph changes with the change in the value of €. (c) demonstrates the 3D plot when —10 <x < 10and —10 <y < 10ate =1 withr =0.
This shows that the wave solution has a symmetric property because the wave solution has a sharp transition in both the x-direction and y-direction. (d)

indicates a contour graph when —10 < x < 10 and —10 <y < 10 at € = 1 along with # = 0. Singular wave solution has many applications in different
fields such as optics, materials science, biology, ecology, etc
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Figure 3. Graphical representation of g(x, y, ¢) appearance in Eq. (33) for A= —0.06 and p = 1. (a) demonstrates the soliton-like 2-D graph when
—12 <x < 8 for € =1 and y = 0 at different values of 7. The purple color represents the graph at t = 0, the orange color shows the graph at r = 1, while
the green color denotes the graph at = 2. We can observe that the wave solution is time-dependent because the phase of the wave solution is shifted
with time. (b) displays a 2-dimensional graph if —10 < x < 10 for t = 0 and y = 0 at different values of €. The red color shows the graph at € = 0.4,
black color denotes the graph at € = 0.8, and blue color represents the graph at £ = 1. We can observe that the wave solution is € dependent because the
width of the graph changes with the change in the value of €. (c) demonstrates the 3D plot when —10 <x < 10and —10 <y < 10ate =1 withr =0.
This shows that the wave solution has a symmetric property because the wave solution has a sharp transition in both the x-direction and the y-direction.
(d) indicates a contour graph when —10 < x < 10 and —10 < y < 10 at € = 1 along with = 0. Soliton-like solution has many applications in different
fields such as communication systems, nonlinear dynamics, biology, optical fibers, water waves, quantum field theory, etc
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g,y 1)

g, y, 1)

Figure 4. Graphical representation of g(x, y, 1) appearance in Eq. (34) for A= —1 and p = 1. (a) demonstrates the complexiton solution 2-D graph
when —12 < x < 12 for € = 1 and y = 0 at different values of 7. The purple color represents the graph at ¢t = 0, the orange color denotes the graph at
t = 1, while the green color shows the graph at # = 2. We can observe that the wave solution is time-dependent because the phase of the wave solution
is shifted with time. (b) displays a 2-dimensional graph if —10 < x < 10 for# = 0 and y = 0 at different values of €. The red color shows the graph at
€ = 0.4, black color denotes the graph at € = 0.8, and blue color represents the graph at € = 1. We can observe that the wave solution is € dependent
because the width of the graph changes with the change in the value of €. (c) demonstrates the 3D plot when —10 <x < 10 and —10 <y < 10 at
€ = 0.8 with t = 0. This shows that the wave solution has a symmetric property because the wave solution has a sharp transition in both the x-direction

and the y-direction. (d) indicates a contour graph when —10 < x < 10 and —10 < y < 10 at € = 0.8 along with = 0. Complexiton solution has many
applications in different fields such as nonlinear optics, quantum mechanics, fluid dynamics, etc
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Figure 5. Graphical representation of g(x, y, r) appearance in Eq. (36) for A= 1 and p = 1. (a) demonstrates the 2-D graph of periodic solution when
—15 <x < 15 for € = 1 and y = 0 at different values of t. The purple color represents the graph at r = 0, the orange color shows the graph at# = 1,
while the green color denotes the graph at # = 2. We can observe that the wave solution is time-dependent because the phase of the wave solution is
shifted along with time. (b) displays a 2-dimensional graph if —15 < x < 15 for f = 0 and y = 0 at different values of €. The red color shows the graph
at € = 0.4, black color denotes the graph at € = 0.8, and blue color represents the graph at € = 1. We can observe that the wave solution is € dependent
because the width of the graph changes with the change in the value of €. (c) demonstrates the 3D plot when —10 <x < 10and —10 <y < 10ate =1
with # = 0. This shows that the wave solution has a symmetric property because the wave solution has a sharp transition in both the x-direction and
the y-direction. (d) indicates a contour graph when —10 < x < 10 and —10 < y < 10 at € = 1 along with # = 0. Periodic wave solution has various
applications in many areas such as economics, biology, engineering, physics, etc
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Figure 6. Graphical representation of g(x, y, ) appearance in Eq. (38) for A= 1 and p = 1. (a) demonstrates the 2-D graph of dark soliton solution
when —5 < x < 10 for € = 1 and y = 0 at different values of . The purple color represents the graph at ¢ = 0, the orange color denotes the graph at
t = 1, while the green color shows the graph at = 2. We can observe that the wave solution is time-dependent because the phase of the wave solution
is shifted with time. (b) displays a 2-dimensional graph if —5 < x < 12 for r = 0 and y = 0 at different values of €. The red color shows the graph at
€ = 0.4, black color denotes the graph at € = 0.8, and blue color represents the graph at € = 1. We can observe that the wave solution is € dependent
because the width of the graph changes with the change in the value of €. (c) demonstrates the 3D plot when —5 <x < 8 and —5 <y < 8 at € = | with
t = 0. This shows that the wave solution has a symmetric property because the wave solution has a wave-like structure in both the x-direction and the
y-direction. (d) indicates a contour graph when —5 < x < 8 and —5 < y < 8 at € = 1 along with 7 = 0. Dark soliton solution has various applications in
many areas such as nonlinear optics, fluid dynamics, physics, etc
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Figure 7. Graphical representation of g(x, y, ) appearance in Eq. (40) for A= —2 and p = 1. (a) demonstrates the 2-D graph of topological soliton
solution when —20 < x < 20 for € = 1 and y = 0 at different values of . The purple color represents the graph at ¢ = 0, the orange color shows the
graph at r = 1, while the green color denotes the graph at# = 2. We can observe that the wave solution is time-dependent because the phase of the wave
solution is shifted with time. (b) displays a 2-dimensional graph if —10 < x < 10 for = 0 and y = 0 at different values of €. The red color shows the
graph at € = 0.4, black color denotes the graph at € = 0.8, and blue color represents the graph at € = 1. We can observe that the wave solution is €
dependent because the width of the graph changes with the change in the value of €. (¢) demonstrates the 3D plot when —20 < x <20 and —20 <y < 20
at € = 1 with 7 = 1. This shows that the wave solution has a symmetric property because the wave solution has a sharp transition in both the x-direction
and the y-direction. (d) indicates a contour graph when —20 < x < 20 and —20 <y < 20 at € = 1 along with # = 1. Topological soliton solution has
many applications in different areas like nonlinear optics, condensed matter physics, field theory, etc
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5. Stability analysis

It has much significance in many fields of science and engineering. Stability analysis is done by applying the
characteristics of the Hamiltonian function is checked for some achieved results to find the stability of concerning equation.
In the literature, the stability analysis of various equations has been explained [26-28].

Here, we discuss the stability of the solutions. For this purpose, we define the Hamiltonian function as,

= %/:ogz dx, (52)
for dissipative terms g> — g, above Eq. (52) becomes:
:%/_ngﬁ/_i(%—g;)dx (53)
or
L= 4
_Z.ng dx, (54)

where, momentum factor is denoted by .. We present prerequisites for a stable soliton.

07

5>0, (55)

here w is a wave speed, using Eq. (31) into Eq. (54) provides;

/ . FF tanh(V—4 (x+y + 01))))*dx, (56)

by using the criterion given in Eq. (55), we obtain

%(—t(seez(\/l(Zt +y—10)) —4)sec’(VA(2t +y — 10)) +rsec’(VA(2t +y + 10))

(secz(\/K(ZI +y+10))—4) +2ttan2(\/g(2t+yf 10)) sec (\/K(Zter— 10)) (57)
—2ttan®(VA(2 +y 4 10)) sec> (VA(2t +y +10))) > 0.

By putting the values: A= 1, y =0, and # = 1 in the above expression (57), we obtain 0.00341 > 0.
Hence, Eq. (31) satisfies the above-mentioned condition, so the solution mentioned in Eq. (31) is stable. Similarly,
we can check the stability of the remaining solutions one by one.
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6. Modulation instability

Modulation instability is a phenomenon where a small perturbation in a continuous wave grows exponentially, leading
to the breakdown of the wave’s stability. This instability can occur in many nonlinear systems, including optics, fluids,
plasmas, etc. By performing modulation instability analysis, researchers can gain insights into the stability and nonlinear
behavior of the system, which is helpful for understanding the complex phenomenon easily.

Assuming a solution of the (2 + 1)-dimensional Fisher-Kolmogorov-Petrovskii-Piskunov model is represented in
[29, 30].

g(x, v, 1) = (VT+G(x, y, 1)) e, (58)

here 7 denotes an arbitrary real constant, and G(x, y, f) is a complex-valued function of x, y, and ¢. Eq. (58) represents
the periodic complex backgrounds, which can be used to study the emergence of patterns in reaction-diffusion systems,
including stripes, spots, or more complex geometries. It can provide insights into the mechanisms underlying pattern
formation in reaction-diffusion systems.

Putting the Eq. (58) into Eq. (1), we obtain an equation for G by linearity given as:

TG + Gy — Gy 4 VG +2VGry — Gy + VG — G+ 172 — /T = 0. (59)
Now consider a new transformation given as:
G(x, y, 1) = G P 014 4 Gpet(PrtOv=ih), (60)

here p, and 0 are real disturbance wave numbers, A represents a frequency while G| and G, are the coefficients of linear
combination. By using Eq. (60) in the Eq. (59), we get homogeneous equations given as:

G (—6*v—01-20vp —1A —1p+1T—vp?—1) =0,
(61)
G (—6*v+01-20vp +1A+1p+1T—Vvp?—1) =0.
Determinant of system of Eq. (61) is taking to 0: we get the following relation:

(—0*v—01-20vp —1A —1p+1T—vp>—1)(—602v+01—20vp+1A +1p+1T—Vvp>—1)=0. (62)

Assuming Eq. (62), we can discuss types of Modulation Instability (MI) of Eq. (1) given as.

A=—p—-0+ \/—64v2 —483v2p —602vZp2 —20%v —40VvZp3 —40vp — v2p* —2vpZ + 72 1. (63)

A steady-state stable solution is found by Eq. (63).
If A has an imaginary part, then the steady-state solution is not stable because the perturbation increases exponentially.
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If A is not an imaginary part, then the steady-state solution is stable because the perturbation is small.
Hence, MI of Eq. (63) occur if

—0*v2 —403v?p —60%v2p? —20%v —40v3p> —40vp — v pt —2vpi + TP -1 <0. (64)

Therefore, we obtain the MI gain spectrum given as;

Glp) = 2Um(2.)

(65)

= 21m<—p S CE= \/—94v2 —403v2p —602v2p2 —202v —40Vv2p3 —40vp — v2p* —2vp2 + 12 — 1).

7. Asymptotic behavior

Asymptotic analysis has many advantages. Instantly, this analysis helps simplify complex mathematical models by
focusing on the dominant behavior as a parameter approaches a limiting value. This analysis provides valuable insights
into the behavior of functions or systems. Asymptotic analysis can be used for a wide range of mathematical and physical
models, including differential equations, integrals, and algebraic equations, etc. Asymptotic analysis is applied to study
various physical phenomena, such as fluid dynamics, quantum mechanics, and optics. Now, authors demonstrate the
asymptotic behaviors of the obtained solutions. We describe the x-asymptotic, y-asymptotic, and z-asymptotic with the
use of 2-D graphs.

8. Conclusion

It is concluded that the MSE scheme was utilized for the concerning model in obtaining distinct kinds of exact wave
results for the truncated M-fractional Fisher-Kolmogorov-Petrovskii-Piskunov model equation. The gained results are
demonstrated by 2-D, 3-D, and contour graphs in Figures 1-7. The gained solutions were not studied earlier. The benefit
of the used new definition of derivative is that it provides solutions closer to numerical solutions. The obtained solutions
are helpful in ecology, gene mutation, combustion theory, phase transition, etc. The stability of a governing system is
checked by applying stability analysis. By using the modulation instability analysis, steady-state solutions are obtained.
The modulation instability analysis is also explained through Figure 8. Moreover, asymptotic analysis is explained for the
obtained solutions with the use of 2D graphs in Figures 9-13. At the end, this research is helpful in the further development
of the governing model.
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Figure 8. Gain spectrum of modulation instability for p =2, 4, 6, 8 and 7 = 35 and v = 0.001 in Eq. (65). (a) represents the 2D graph; the red curve
is for p = 2, the purple curve is for p = 4, the blue curve is for p = 6, and the green curve is for p = 8. (b) shows the 3D graph when 6 € (0, 1)
and p € (—4, 4). (c) denotes the contour graph when 6 € (0, 1) and p € (—4, 4). The gain spectrum of modulation instability can inform the design
of systems such as optical fibers or lasers to optimize their performance and stability. By modulation instability gain spectrum, researchers can gain
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