The
University
s Of

)

2" Sheffield.

This is a repository copy of Abundant soliton solution for the time-fractional stochastic
Gray-Scot model under the influence of noise and M-truncated derivative.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/210492/

Version: Published Version

Article:

Baber, M.Z., Ahmed, N., Yasin, M.W. et al. (4 more authors) (2024) Abundant soliton
solution for the time-fractional stochastic Gray-Scot model under the influence of noise and
M-truncated derivative. Discover Applied Sciences, 6 (3). 119. ISSN 3004-9261

https://doi.org/10.1007/s42452-024-05759-8

Reuse

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the
authors for the original work. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

\ White Rose -
| university consortium eprints@whiterose.ac.uk
WA Universiies of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/




Discover Applied Sciences

Case Study

Abundant soliton solution for the time-fractional stochastic Gray-Scot
model under the influence of noise and M-truncated derivative

Muhammad Zafarullah Baber' - Nauman Ahmed'*® . Muhammad Waqas Yasin? - Syed Mansoor Ali* -
Mubasher Ali® - Ali Akgiil**>” - Murad Khan Hassani®

Received: 23 December 2023 / Accepted: 27 February 2024
Published online: 11 March 2024

©The Author(s) 2024 OPEN

Abstract

In this study, we investigate the abundant soliton solutions for the time-fractional stochastic Gray-Scot (TFSGS) model
analytically. The Gray-Scot model is considered under the influence of M-truncated derivative and multiplicative time
noise. This is a reaction—diffusion chemical concentration model that explains the irreversible chemical reaction process.
The M-truncated derivative is applied for the fractional version while Brownian motion is taken in the sense of time
noise. The novel mathematical technique is used to obtain the abundant families of soliton solutions. These solutions
are explored in the form of shock, complicated solitary-shock, shock-singular, and periodic-singular types of single and
combination wave structures. During the derivation, the rational solutions also appear. Moreover, we use MATHEMATICA
11.1 tools to plot our solutions and exhibit several three-dimensional, two-dimensional, and their corresponding contour
graphs to show the fractional derivative and Brownian motion impact on the soliton solutions of the TFSGS model. We
show that the TFDGS model solutions are stabilized at around zero by the multiplicative Brownian motion. These wave
solutions represent the chemical concentrations of the reactants.

Article Highlights

e TheTFDGS model is considered to find the exact solitsary wave solutions under the random environment.
e The new MEDA method is used to obtain the different form of solutions.
e The different graphical behaviour are drawn to show the effects of noise and fractional derivatives.
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1 Introduction

The complex characteristics of dynamical systems are modeled with the help of nonlinear differential equations. The
nonlinear evolution equation problems ascend in innumerable fields of the real world such as biology, engineering,
medicine, chemistry, physics, astrophysics, electromagnetism, mechanics, kinematics, geo-chemistry, bioengineering,
rheology, etc. [1]. In non-linear science, the main challenge is to gain the analytical and exact solution of the system
of equations that represents the dynamical system [2, 3]. The theory of derivatives and integrals of non-integers
made tremendous progress in the study of nonlinear dynamics because it can describe physical phenomena in a
more generalized way. In the last three decades, the exact and solitary wave solutions of nonlinear fractional partial
differential equations (NFPDEs) have attained a prominent role due to their importance in explaining the physical
system [4-6]. Scientists have used various analytical techniques to gain the solutions of NFPDEs and these types of
solutions help the community to understand the physical behavior of each model and are used for the betterment
of human life [7].

Reaction-diffusion systems have been increasingly important in recent years in a variety of chemistry and bio-
chemistry domains, including the glycolysis model [8], the lattice Boltzmann model [9], the Brusselator model [10],
the Lengyel-Epstein model [11], the Schnakenberg model [12], and others. The Gray-Scott model is a widely used
and effective chemical reaction model that explains the irreversible chemical reaction process [13, 14]. In the 1980s,
P. Grey and S. K. Scott of the University of Leeds proposed the Gray-Scott model [15]. The way it works is described as

{ U+ 2V — 3V, rate = k,uv?, )

V — Q,rate = kv,

where U, V are represents the reactants while Q is the product of the reaction, u, v are represents the chemical concen-
trations of the reactants U, V respectively. Also, the k, and k, are the positive constants that represent the reaction rates.
Numerous patterns, including self-replicating patterns, the annular pattern emerging from circular spots, self-replicating
spots, stationary spots, growing stripes, labyrinthine patterns, spatial-temporal chaos, stripe filaments, travel spots, and
many more, have been thoroughly studied in relation to the Gray-Scott model. The dimensionless Gray-Scott [15] model
is given below:

U, = aqUy, — uv? +A(1 —u), )

V, = @,V + uv? — (A +B)v, 3)

where a;and a, are the diffusion constants, Aand B are the reaction rate and feed rate for the system (2-3) respectively.
An extension of ordinary partial differential equations (PDEs) to account for randomness or stochasticity is known as a
stochastic partial differential equation (SPDE). Systems affected by random processes are described by SPDEs in physics,
engineering, economics, and biology, among other domains. The It6 calculus, a stochastic process extension of calculus,
is a popular method for describing SPDEs [16-18]. On the other hand, a particular mathematical model that depicts the
kinetics of chemical reactions and diffusion in a two-dimensional spatial domain is the Gray-Scott model. This deter-
ministic model was created to investigate how patterns emerge in reaction-diffusion systems. | believe that when you
speak to a“stochastic Gray-Scott model," you are referring to a version of the model that adds stochastic influences. One
way to achieve this is by adding noise or randomness to the Gray-Scott model’s parameters. Molecular fluctuations and
external environmental noise are two examples of the many elements that can cause stochasticity in chemical reactions
and diffusion. The behavior of such systems under unknown conditions can be understood using stochastic simulations
of the Gray-Scott model. The 1-D coupled Gray-Scott model under the influence of the multiplicative time noise as given
below [19, 201:

Uy = aqUy, — uv? + A(1 — u) + vy uredB(t), (4)

Vy = @,V + Uuv? — (A + B)v + vyvredB(t), (5)

where v,, and v, are the Borel functions, stand for the noise strengths. B(t) is the standard Brownian motions, while B(t)
is the white noise time series. The state variables are independent of the state of the Brownian motion.
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In an effort to find both approximate and accurate solutions, many researchers have been working on SPDEs
recently. Igbal et al., [21] conducted a numerical investigation into the nonlinear stochastic Newell-Whitehead-
Segel equation. Meanwhile, Yasin et al. focused on the stochastic Fitzhugh-Nagumo model [22] and the stochastic
predator-prey model [23]. The reliable numerical analysis was developed by Raza et al. for the stochastic gonorrhea
epidemic model [24]. The soliton solutions for the stochastic Konno-Oono system were constructed by Shaikh et al.
[25]. Mohammed et al. worked on the stochastic Ginzburg-Landau equation [26] the (2 + 1)-dimensional stochastic
chiral nonlinear Schrédinger equation [27] the stochastic exact solutions of the Nizhnik-Novikov-Veselov system [28],
the stochastic Burgers’ equation [29], and so on.

The authors considered the stochastic Potential-Yu-Toda-Sasa-Fakuyama for the analytical study. They used differ-
ent techniques to gain a variety of solutions [30]. Hamza et al. considered the fractional stochastic shallow water wave
equation. They used He's semi-inverse method and modified extended tanh-function method to gain the rational
and trigonometric solutions [31]. Mohammed et al. analyzed the stochastic Korteweg-De Vries equations and gained
various families of solutions [32]. The authors worked on the solution of coupled Fokas system [33]. Rehman et al.
used the Sardar-subequation method on the strain wave equation to gain the families of solutions [34]. Awan et al.
scrutinized the chiral nonlinear Schrédinger’s equation with techniques namely: the functional variable method
and first integral method and gained solitons. [35]. The authors used the generalized Kudryashov method for the
resonant nonlinear Schrédinger equation. They obtained the bright, dark, kink, and singular soliton solutions [36].
The authors worked for the analytical study of physical systems [37-39].

On the other hand, a novel differentiation operator has emerged that combines the ideas of fractal derivative and
fractional differentiation. As a result, numerous mathematicians proposed various types of fractional derivatives. The
ones put out by Marchaud, Riesz, Caputo, Hadamard, Kober, Erdelyi, He's fractional derivative, Atana-Baleanu’s derivative,
Grunwald-Letnikov, and Riemann-Liouville are the most well-known. The majority of fractional derivative forms do not
adhere to standard derivative formulas such as the product, quotient, or chain rules. The M-truncated derivative (MTD),
a novel derivative created by Sousa et al. [40, 41], is a logical progression of the classical derivative. So, using the MTD
we convert the system (6-7) into the fractional version as;

D,u = a;DXu — uv® + A(1 — u) + v,uB(t), 6)

Dv = a,DXv + uv? — (A + B)v + v,vB(1), @)

where ¢ is the fractional operation which lies between [0,1]. Obtaining the analytical stochastic solutions of the SFS
(1) is the aim of this investigation. The stochastic solutions of SFS (1) in the form of rational, elliptic, hyperbolic, and
trigonometric functions are obtained by means of a modified mapping approach. Since nonlinear pulse propagation
in mono-mode optical fibers is explained by the Fokas system, the derived solutions can be utilized to analyze a wide
range of important physical processes. To help with the interpretation of the multiplicative noise effects, the dynamic
performances of the different found solutions are represented using both 2D and 3D curves.

This method offers a versatile method for obtaining exact solitary wave solutions. This approach is based on the
concept of a auxiliary equation, which is a first-order nonlinear ordinary differential equation. Researchers can generate
exact solutions by linking them to particular kinds of nonlinear equations and taking advantage of the intrinsic qualities
of the auxiliary equation. A wide variety of nonlinear systems, including those defined by integrable, non-integrable, and
partial differential equations, can be investigated thanks to the schemes unified structure. Studying soliton solutions
with unique characteristics, such as combine solitons, dark solitons, bright solitons and exact solitary wave solutions, has
shown this method to be especially helpful. With the use of this method, scientists can investigate and examine a broad
variety of intricate nonlinear events in diverse physical systems. By using this method, researchers can get a wide range
of Several soliton solutions displaying a range of behaviors, including dynamics of interactions, amplitude modulation,
stability, and propagation properties. The analytical study of factional stochastic Gray-Scot model under the effect of time
noise with the help of M-truncated derivative is under-consideration. As it is concentration model and it can be used to
examine the concentration of different species. An efficient new MEDA technique is applied to gain abundant solutions
such as shock, complicated solitary-shock, shock-singular, and periodic-singular types of single and combination wave
structures. The rational solutions are also obtained. The effect of time noise and M-derivative is analyzed. 3D, 2D, and
their corresponding contours are plotted for various values of the parameters.
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2 Basic definitions
The MTD is consider as [40, 41]

Definition 1 Forthe unknown function ¢ : [0,inf] — R for the order a € (0, 1], the M-truncated is taken as.

B(tE, 5(dt=")) — (1)

p , fort>0, (8)

B T
D,f’,’t P(t) = (Ijl_rg

where E; ; is defined such as
i S
E =) ——, f 0,andz € C.
5@ FZ;' ST or > 0,andz €

The following properties for the MTD are as.

Theorem 1 If there are differentiable function ¢ and w and the real constants are as s, t and v, then the following properties
are as follows [42]

o D;f;ﬂ (r¢ + sy) = rDI‘.f;ﬂ () + sDI‘.f;ﬂ (w)red.

a,f} vV — v v—a
. D,.'t (rgp + syt _F(ﬂ+1)t .

o D (bw) = ¢D; () +wD (red.

a,ﬁ _ t1—a d_‘i’
* DO = 5w

o D (doy)(t) = ¢ (w)D (w (1),

Suppose a non-differentiable Wiener process B(t) with the following properties [43]:

ATABO =0 ©)

i (BB _ f 1,n=2
at=0 At | 0,n=23,4,-

Definition 2 Stochastic process B(t),, is said a Brownian motion if the following conditions are satisfied [44];

B(t) is continues function ift < 0.

B(0)=0.

For z; < 7,, B(z,) — B(7;) is independent.

B(z,) — B(r;) has a Gaussian distribution x(0, 7, — ;).

where B, = % is the time derivative of Wiener process B(t).
3 Stochastic Wave transformation

Here, in order to obtain the solitary wave solutions, we select the wave transformation [41-43].

u(x, t) = U(p)e" B340 vix, t) = V(p)e P03, where p = L nt, (1)
&
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where U(p) and V(p) are the deterministic function while / and n are the speed and amplitude of waves. We take the
derivatives of Eq. (11) and substituted in the Egs. (6) & (7) and get

—nU + o, PU" = Uv2e?:BO-t L A1 = U) =0, (12)

2

—nV + a2V + UV2eBO-3vitenBO-3vt _ (4 4 B)y = 0, (13)
Now, we take expatiations on both sides, we get

—nU' + oy PU" = UV2E(e22B®)e™3t 4 A(1 = U) =0, (14)

—nV' + a2V + UV2E(e"B®)e 3T E(e"B0)e™3't — (A + B)V = 0. (15)
B(t)is the time noise, then E(e8®)) = e:”tand E(e2rB®)) = er’t So, Egs. (14) and (15) turns into

—nU' +a,PU" = UV2 + A1 - U) =0, (16)
—nV' +a,?V"' + UV2 — (A+B)V = 0. (17)

4 New MEDA technique

Now, we consider the solution of Egs. (16) and (17) in the form of polynomial as follows [45-47],

N

U(p) = Y’ b (p), (18)
i=0
N

V(p) = Z ¢ (p). (19)
i=0

where b;, ¢(i=0,1,2,3,...N) are the constant that can be found to be later, here w(p) satisfies the Egs. (16) & (17) and given
as,

w!(p) = In(C) (8, + 8,0(p) + 5,(p)*), (20)
Now, putting N = 1in Eq. (18), then obtain the expression as,

Ulp) = bo + b1a)(p), (21)

V(p) = ¢g + ¢y(p). (22)

A system of equations can be created by taking the derivatives of Egs. (21) and (22), substituting in Egs. (16) and (17), by
the help of (20), and then gathering the term in the power of w(p) and putting all of the polynomials’ terms equal to zero.
Solve this system of equations with the help of Mathematica and get the family of solutions as follows,

Type 1: If 6'-45,6,<0 and §,#0 then we obtained the trigonometric solutions as, where

2
—Ab2—b2 2522 2 2 p2 25212 2
( Ab1 b1 B+8a2boz>zl In(C) ) /flb1 +b18+4n2b0()21 In(C)
andg = \|—

428 (A+AC+4a cocﬁglzln(C)z)2 1622626252 *In(C)* b2 2In(C)2
A 4a28214(A+c2) In(C)" s
2 2 22 2 252)2 2 P 5 2 5
vt = A% + A + 4a,¢o¢; 52 PIn(C) N (2a,c26217In(C)?) A2+ Acg + da 666, 53 2In(O)
e 2 2 252 2
(A+<2) (A+¢c?) 40,282 12In(C)
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h(A + 2 t(A2 + Ac2 — 4a,c,c, 5212 In(C)? 2
—( > O)tan \/E ( 0 120 Lo ) + 1y e PO, (23)
226, 2 254(A+c2)In(C) €

Case Study

—Ab? — b2B + 8a,b252/2In(C)°

2 2
v, t) = Ab% + b%B —4a2b§5§/2|n(C) ~ (zaz(g%/zln(c) ) )
2b0b$ b1 8(12[30[)1 5§I2|n(c)2
b, (A+B)t | 5)
+ -x ,
— itan < 4byd,In(C) € eét+sz(t)l o)

V2 V2

U (x, ) = A% + Ac] + 4y o6 831°In(C)° N (2a,282PIN(C)?) [ A% + Ac? + 4a, ¢, 8217In(C)?
2\ - —
(A+c)’ (A+c2)’ 4, 26212In(CY?
- —h Ghi) cot h H(A? + Acg — 4a1cocy 55/2'”(02) + ixe eéfﬁnB(r) (25)
2c75, 2 26,(A+2)In(C) P '
vt = | OO~ AN (205N ([ Al — b8 + Bupbi5iin(C)"
a 2b,b7 b, 8a,byb, 5212In(C)?
( by (A+B)t ixg) ,
_ 9 cotf| D\ H2In© e @3 LB 26)

V2 V2

A? + Ac? + 4a, ¢y, 6217In(C)?
us(x, t) = " + Y.
(A+c) (A+c)

h(A+c?) (tan(\/ﬁ(t(/\z +Ac — 4a;coc; 822IN(C)?) . i)(g))
&

(2,¢282In(C)?) A2+ A + A Gocy 827In(C)?
4a,c26212In(C)?

235, 264 (A + ¢2)In(C)
t(A% + Ac} — 40,606, 81PIn(C)?) :
+/pgsec( Vh 0 0 + —x* e 0, 27
pa < ( 264(A+ c2)In(C) € .

o= | Ao 40,6282PIn(C)*  (20,6217In(C)?) [ —Ab? — b2B + 8a,b25217In(C)?
w 2bob} b, 8a,b,b;6212In(C)?
—Ab? — b2B + 8a,b2622In(C)%)° / b (A + B)t
9 |tan 45,5, — (=Ab? — b7 2383 12In(C)?) < 1 ) Lx5>
2 16a2b2b252/4In(C)* 4by5,In(C) €
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b,(A+B)t ?% t+1,B(0)
v (e )|

A? + Ac? + 4a;, ¢y, 6217In(C)? .\ (2,282 In(C)?) A +AC + 4a, ¢o¢; 822In(C)
(A+c)’ (A+c2)’ 4a,€1852In(C)?

h(A+c?) t(A% + AcZ — 4a;coc, B217In(C)?)
T t Vh Lye
225, cotf Vh 264(A+c2)In(C) X

t(A2 + A2 — 4a,¢oc; 82PIN(C)?)
h 0 0 T e 7t+v1B(t)
i\/pqcsc(\/’< 7 (A " cg)ln(C) + Ex e (29)

Ab? + b2B — 40,0222 In(C)*  (20,6217In(C)?*) [ g <Cot < < b,(A+B)t Ix5>>
2b,b? b, 2 4by8,In(C)

w@0=l

V4(X, t) = l

b,(A+B)t —Ab? — b2B + 8a,b25212In(C)? 2
+\/_csc<gl< ( ) + /X£>>> _ 179 2909 i ( 2B 30)
4b,6,In(C) 8at,b0b; 8212In(C)

—Ab?—b2B+8a,b25212In(C)*)’
hereglz\/45250—( +8a, n()).

16a2b2b26214In(C)*

"o lAZ +AC + 40,60, 82PIN(CY (20,€28217In(C)?) ( A% + Ac? + 4a,¢o¢, 8217In(C)?
us(x, t) = + —

(A+c2)? (A+c2) 4a, 282PIn(C)

1 h(A+c2) <tan<l\/ﬁ<t(A2 +AcZ — 4a,¢o6, 82 2In(C)?) ) iX£>>

2 25, 2 254(A+c3)In(C) £

t(A%2 + Ac2 — 4a,c,c, 5212 In(C)? 2
—cot l\/E ( 0 120 16517In( ))+Lx5 3B 31)
2 254(A+¢)In(C) €

Ab? + b7B — 40,6353 7In(C)*  (20,837In(C)?) 1 anf( Lo (B1A+BY 1
2b,b2 b, 291 4b,5,InC) €

vs(x, t) = l

b,(A + B)t . —Ab2 - sz + 8a2b252/2|n(C) v 2 g0t
—/pqcot < <4b 5,0 X )>> - ' 32

8a,b,b,622In(C)?

16a§b§bf5214ln(C)

—Ab?—b2B+8a,b25212In(C)*)”
here g, = \/45250— ( b))
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Type 2:If 5" — 45,6, > 0and 6, # 0, then we extracted five different types of solutions as,
The Shock solutions are extracted as,

A? 4+ Ac? + 4a, 6o, 8217IN(0)* (2a1¢2821In(C)?) ( A? + AcZ + 4a, ¢y, 8217In(C)?
+ -

It =
et l (A+ CS)2 (A+ cg)2 40:1c125§/2In(C)2

2 2, a2 212(n(C)2
h(A+co)tanh \/E t(A2 + Ac2 — 4a,¢¢; 6217In(C)?) e eé“”m),
2c25, 2 265(A+c2)In(C) €

Ab? + b7B — 4a,b353PIn(C)*  (2a,631In(C)*) <_ —Ab? — b2B + 8a,b252/2In(C)°

ve(x, t) =
6 l 2b,b? b, 8atybyb; 6212In(C)>

b, (A+B)t | e
92<4t;5| C +'X)
% _tanh 00aln©) ¢ e

N V2

3
2 t4v,B(t)
2 7

. \J (—Ab? — b2B + 8a,b25217In(C)?)’
, =

—46,6,.
2424252 4 2%
16a5b5b75651*In(C)
The singular solutions are extracted as,
D) A? + A2 + 4a,¢oc, 21PIN(C) [ A2 + A + 4at, o6y 821PIN(C) h(A+¢c2)
u,(x, t) = — _
(A+ c§)2 4 (uagrInG?) 4a,c26212In(C)? 2c25,

(A+c2)’

coth h t(A2 + Acg — 4w GG 63I2|n(C)2) + ixs e§t+V1B(t)
2 254(A+ cZ)In(C) €

Ab? + b7B — 40,6553 °In(C)*  20,63PIn(C)* ( —Ab] — bTB + 8a, 635317 In(C)?
2byb? b, 8a,byb;6212In(C)>

vo(x, t) = l

b, (A+B)t | 8)
= 4 ox 2
B g coth gZ(4bo§2|n(C) £ e?ZH—VZB(t)

V2 V2

The complex dark bright solutions are extracted as,

"o A? 4+ A2 + 40,60, 8217IN(0)* (2a1c28212In(C)?) ( A% + Ac? + 4a,¢o¢, 8217In(C)?
ug(x, t) = + —

(A+c2)? (A+c2) 4a, 282PIn(C)
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h(A+q )<(tanh<\/_G>+l pqsech(\/ﬁG))) eTHWB“) (37)

2c1 o

where G = <t(AZ+Ac§—4a1c0c15(2)I2In(C)2) ixf >
&

255 (A+c2)In(C)

Ab? + b2B — 4a,b28217In(C)? (2a25§/2|n(C)2) (_ —Ab? — b?B + 8a,b2522In(C)?

Vg(x, t) =
s l 2b,b? b, 8at,byb;6212In(C)?

biA+Bt | 1 . . biA+Bt | 1 .
g3<tanh<g1 <4b052|n(c) +ox )) +iy/pgsech (91 (4b0§2|n(C) T X ))) e—t+sz(t) (38)
— 2

V2

The mixed singular solutions are extracted as,

A? + Ac? + 4a, ¢y, 6217In(C)? . (204¢282PINC)*) | | h(A+¢2)
(A+c§)2 (A+c§)2 2c75,

Ug(x, t) =

A2 + Ac? + 4a;c,c,8212In(C)? i
<_ 0 10T 02 - (coth(\/ﬁG) + \/pqcsch<\/EG)> ez ™0 (39)

4a,2521PIn(C)

where G = (t(A2+Ac§—4a1coqéglzln((f)z) Lye )
£

264 (A+c2)In(C)

Ab? + b2B — 4a,b2522In(C)*  (2,6212In(C)?) (_ —Ab? — b2B + 8a,b25217In(C)?

Vo(x, t) = -
° l 2byb? b, 8a,byb; 6212In(C)?

T byAB | [ e /pg biA+Bt | I ye
592 (COth (g ! <4b05zln(C) X ) ) gesch (g1 (4b s X ) ) ) Zen B(t).
. ez "7 (40)

V2

The shock solution is extracted as,

- A2 + A2 + 4a, o0, 82PINC) (207 2822IN(CYY) [ A2 + A2 + 4ary o€, 6212IN(C)?
Upo(x, t) = + -
(A+)’ (A+c)’ 4,3 In(CY
h(A + Cg) 1 1 4
A2 h(- hG th(- hG) FHHB0,
2c25, <an 2\/— >ic° 2\/_ > €’ 1)

t(A2+Ac2—4a, ¢y, 5212In(C)?
whereG=<( Pl LA iXE).
E3

254 (A+c3)In(C)

Ab? + b2B — 4a,b25212In(C)*  2a,8217In(C)? <_ —Ab? — b2B + 8a,b252/7In(C)?

Vio(X, t) = _
10 l 2b,b?2 b, 8atybyb;6212In(C)>
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1 1 biA+BYt | | . 1 biA+B)t | 1 .
5292<tanh<zg1 <4b052In(C) X )) * COth(zg1 <4b062In(C) T X ))) ﬁt+v23(,)

' €: (42)
V2
Type 3:1f 6,6, > 0and §; = 0, then we obtained the trigonometric solutions as,
25212 A+ 2
A2 + A2 + 4ay o€, 8212IN(C)? 20,2521 2 In(C)
up(x, t) = - n i
2 2
(A+c) (A+c2)
252 2 2 22 2
aan 252 ((t(A? + A — 4a; ¢y, 21PIn(0)?) AN 7% st -
A+c 26,(A + c2)In(C) e
2 Ab$+be+4a2bg5§/2|n(C)2 5 2
Ab? + b2B — 4a,b28217In(C)? (%52\/ %,62PIn(C)’ IFIn(C)
vy (x,t) = 1 1 0“2 _
ZbObf b,
anl 1 Ab? + b2B + 4a,b2522In(C)° < b,(A+B)t L XE) eé B0 ”
2 a,b212In(C)? 4by5,In(C) ' € '
22 A+c? 5
A% + AcZ + 4a, ¢, 8217In(C)? 20,7557 ﬁln(C)
U12(X, t) = — —
(A+c3) (A+c2)
252 2 2 _ 272 2 .
ot c 502 t(A2 + AcZ — 4o, czoc1 8217In(C)?) . L. e, -
A+c 254 (A + ¢2)In(C) €
5 Abf+be+4a2b(2)5§/2|n(c)2 2 5
Ab3 + b2B — 4a2b(2)5§/2|n(C)2 0{252\/ B In(C )’ I“In(C)
v (x, t) = S _ .
2b,b; 1
ol Ab? + b2B + 4a,b25212In(C)>? < biA+BYE | Xg> JTa 6
2 a,b22In(C)? 4b,6,In(C) € '
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25212 A+ 2
P+ AC + 4ayco0,82PIn(C 2060l 75 In() 252
Uqz(x, t) = > - > tan| 24| ——
(A+c2) (A+c2) A+
t(A2 + Ac2 — 4a, o, 821PIn(C)? 2682 2
( 0 1€0€195 ) +LX5 + \/pgsed| 2 1 OzG o3 tH1BO. 47)
254(A + ¢2)In(C) £ A+c]
[ (A HAQ =4 o6, PINC) | |,
where G = < 2;0(A+c§)lnfC) + X )

Ab? + b2B — 4a,b28212In(C)*  (,62,/*In(C)?)
V13(Xl t) = 2b b2 + b
0% 1

b,(A+B)t I . b,(A+B)t I éngm
<tan<J<4bo52|n(C) " 5X >> * \/p_qsec<J<4b052|n(C) " EX >>>]e 8

Ab2+b2B+4a,b25212In(C)?
where J = 1 02 .
ereJ \/ a,b22In(C)?

A2 + A2 + da,cyc, 8212In(C)? 252
Uy (X, t) = 0 1o 12 0 - hy|cot| 24| —5
(A+c}) A+
255 2 o 800
++/pqcsc| 2 G| ez B0, 49
pa A+ (49)
_ (HAHAG 406 53PINCO?)
where G = < 220(A+c§)ln?(_') ZX£>'
_ Ab% + b?B — 4a2b(2)5512|n(C)2 (a25§g4l2|n(c)2)
Vig(x, t) = > + 5
2byb? :
b(A+Bt | by(A+Bt | 2
tJ| ——— + —x° \/ J 2 4 Iy +2B(0),
<co < <4b062|n(C) e ) EVPISE N Bbys,in0) T e € (50)

Ab2+b2B+4a,b25212In(C)
where J = \/ b RIn(C)? .

A+ AC + 40,606 82PIN(CY 1| a%
Uys(x, 1) = 5 + —h;|tan| = 3
(A + CS) 2 2 A+ <
262 2
1 1% L t4,B(t)
—cot| = e2 ", GD
2
2\ A+

t(A2+Ac2—4a, ¢y¢; 8212In(C)?) Lye >

Where G = ( 26,(A+c2)In(C) e

@ Discover



Case Study Discover Applied Sciences (2024) 6:119 | https://doi.org/10.1007/s42452-024-05759-8

2 [ Ab}+b3B+4a, 6353 2In(C) 5 2
2, 12 25272 2 0‘252\/ a,b2/2In(C)? Fin(©
Ab1 + b]B — 40!2b0521 In(O) =

2b,b? 2b,

1,(/bA+Bt |, 1,(bA+Bt | . 2 40800
(on(3(sanie * ) (@ (@gmes * )70

Ab2+b2B+4a,b25212In(C)?
where J = 1 02 .
ereJ \/ a,b22In(C)?

Vis(x, ) =

Type 4:1f 5,6, < 0and 6, = 0, then we extracted different types of solutions as,
The shock solutions are extracted as,

A% + A + 4ay ¢y, 8217In(C)°

(A+c§)2

2¢2 2 2 2/2 2
_/hrtanh| 4| - 252 ((t(A? + A2 — 4a, ¢y, 821PIn(0)?) + I e eét+v13(t)' (53)
‘ A+ 264(A+¢2)In(C) €

Ab2+b2B+4a,b2522In(C)?
2 [T 2%9% 2 2
“252\/ 0,62PIn(CY? Fin(C)

Ujg(x, t) = l

Ab? + b2B — 4a,b252/%In(C)? s (

Vigx, t) =
2b,b3 b,
2
canh 1 _Abf + b?B + 4a,b36512In(C) ( b,(A+ Bt N 1X6> eétﬂzgm 54)
2 ’
a,b37In(C) 4b,5,In(C) €
A? + A2 + 4a, ¢y, 6217In(C)?
Uy, (x, t) = 2
(A+c)

252 2 2 _ 22 2 ,
o] 1| 1% HA + A~ 46, 33PIN) 1 || e 55
A+c 260(A+c2)In(C) €

8} \/_ PPt T ey 2

2

Ab% + be — 40‘2b§5§/2|n(C)2 2 b7 PIn(C)
+

2b,b? b,

vy (X, t) =

1 b;(A+Bt | 2t B(t)
th( 2gs( 2220 4 Lye) ) |edteso,
e <295<4b052In(C) )¢ (56)
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A? + Ac? + 4a, ¢y, 6217In(C)? 252
Uqg(x, t) = 3 — 4/—h;|tanh| 2 _A+ch
(A + CO) 0
N 7 T v B(0)
+iv/pgsech| 24 | — sG|]le? Bl
A+ ¢y

[ (A2 +ACE—4a; o, 8217IN(C)?) I e
where G = < 2;0(A+cg)ln?C) eX >
2 | AbI+bIB+4a,b353RINC)? o 2
Ab? + b2B — 4a,b26212In(C)> (azéz\/ ;b7 2In(C)* Fin(©)
Vigx, t) = ! ! 5 902 +
2b,b2 by
ot _Ab? + b1B + 4a,b3572In(C)* < biA+BY | XE)
a,b%2In(C)? 4by5,In(C) €
2 2 2522 2 v
+ix/pasech _Ab1 + b1B+4a2b0522I In(C) (b1 (A+B)t ixe> eérwfﬁ(r),
a,b22In(C) 4by5,In(C) €
A% + Ac? + da;c,c,8212In(C)? c252
Uig(x, t) = 0 10 12 0 —4/—h;|coth] 24| - ! OZG
(A + Cé) A+ S
i, T v, B
++/pgcsch| 24| - Glllez 8O,
Pa A+c
[ t(A+AQ -4y coc, 82PInC)) | |
where G = ( 220(A+c§)ln?C) X )
2 [ AbI+bIB+4a,b353RINC)? o 2
Ab? + b2B — 4a,b28217In(C)> <a252\/ ;b7 In(C)* Fin(©)
V19(X, t) — 1 1 072 +
2bobf b,

Ab? + b2B + 4a,b28212In(C)? / b, (A + B)t
coth| 4| ——— 2 022 © < 1€ ) +Lx£>
a2b$/2|n(C) 4by6,In(C) €

2 2
_Abf +b7B + 4a,b76317In(C) ( bi(A+B)t + ixe> o2 tH12B(0)
a,b%2In(C)? 4by5,In(C) €

++/pgesch \

(58)

(59)
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A% + AcZ + 4a, 6o, 8217In(0)* 4 1 262
Uso(X, 1) = — —+v/—h;|tanh| =4 | — G
(A+ cé)2 2 2\ A+¢
262 2
1 cso 2 e
—y/pqcoth A\ "2 L_ 2_2 G||lez "B, (61)
0

t(A2+Ac2—4a, cyc; 8212In(C)? |
0 1-0*1% Lxe

where G = < 26,(A+c2)In(C) e

a,b?2In(C)?

Ab2+b2B+4a,b2522In(C)?
55\/— e IIn(Cy?

)
Ab? + b2B — 4a,b252/2In(C)° . (

Voo, t) =
2bobf 2b,

1 | Ab2+b2B+4a,b28212In(C) [ b,(A+B)t |
tanh| — - 2 < + _XE>
4 ab7/In(C) #00%,In(C) ¢

2
—\/p_qcoth 1 _Ab? + be + 4a2bé5§/2|n(C) ( b,(A+ B)t Lx“) eéthB(t). 62)
4 a,b212In(C)? 4by5,In(C) &
Type 5:1f 5, = 6,and §; = 0, then we extracted the periodic and mixed periodic solutions as
. A% + AcZ + 4a, 60, 8217In(C)? 2PPIn(C)*c2a, 87
Uy (X, t) = +
(A+c2)? A+c)
2 2 2/2 2 2
tan( 5, t(A2 + A3 — 4a;¢oc; 5317IN(C)?) AN sy )
260(A+c2)In(C) £
Ab? + b2B — 4a,b28212In(C)*  (2a,6217In(C)?)
Vo (X, 1) = -
2b,b? b,
b,(A+Bt | 2 B
t V- +v, (t)‘
an <96<4b052In(C) ) (64)
- A2 + A + 4a; o6, 6212IN(C)° 2PPIn(C)*cRary 52
Uy (X, t) = -
(A+c) A+’
2 2 _ 22 2 ,
ot 5, t(A2 + A2 — 4a,¢oc; 5217In(C)?) . i - . 72 o) )
260(A+c2)In(C) €
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Ab? + b2B — 4a,b26212In(C)? N (22,8212In(C)?)
2byb? b,

bi(A+Bt | 23 t,B(0)
t —_— + —X* PR
° <g6<4b062ln(C) X ))]e (66)

A% + Ac? + 4a, ¢, 8217In(C)? N 2P2In(C)* e, 83
(A+c) A+’

anl 25 t(A% + AcZ — 4a;coc, 8217In(C)?) e
° 264(A+¢2)In(C) £

t(A2 + Ac? — 4a,c,c, 5217 In(C)?
i\/pqseC<26o< ( o210 ) Ly e TR0, (67)

260(A+c2)In(C) €

Vyr(X, t) = l

Uys(X, t) = l

Ab? + b2B — 4a,b252/2In(C) 2a25§/2|n(C)2< < 5 <b A+BE | >>
- 0

Vas(X, 1) = ARSIl
2 l 2b,b?2 b, 4by5,In(C)

b(A+Bt | , ét+sz(t)
+\/_sec<250<4b 50 +ox >>>]e . (68)

A% + Ac? + 4a, ¢, 8217In(C)? N 2P2In(C)* e, 83
(A+c) A+’

—cotl 25 t(A% + Ac? — 4a, ¢, 5212In(C)?) >
0 264(A+c2)In(C) €

t(A2 + Ac2 — 4a,c,c, 5212 In(C)? 2
i\/quSC<25o< ( o210 ) o L o3 1B, (69)

260(A+c2)In(C) €

U24(X, t) = l

Ab? + b2B — 4a,b2522In(C)*  (2a,6212In(C)?) (_Cot <2 < biA+Bt | >>

Vou(X, ) = - 2n R
24 l 2b0b$ b1 4b052|n(C)

byA+Bt | ., §r+vzs(r)
+\/_csc<2g6<4b062|n(c)+ —x >>>]e ) (70)

A? + A2 + 4a ¢y, 6212IN(C)? L1 212In(C)* 2, 52
2 2 2
(A+¢c?) A+

Uys(Xx, t) = l
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t(A2 + Ac? — da,coc;8217In(C)?
tan 160 ( 0 120 1o ) L
2 254(A+ c2)In(C) £

2 2 212 2
_ —pqcot<150<t(A +AcZ — 4a,¢o¢; 827In(C)?) +ixe>)>] e§t+V1B(t>_
2

254(A+ c2)In(C) €

Ab? + b1B — 40,353 7In(C)  (e,83In(C)?) < < 1 < by(A + Bt
2b,b? b, 27°

1 biA+Bt | . 2 t4v,B00)
— t| — - - — 2 2 .
VPqco (296<4b052In(C) X )))]e

Type 6:If 6, = —5,and §; = 0, then we extracted the different hyperbolic solutions as,

Vys(X, t) = l

A%+ Ac? + 4a,¢¢, 8217In(C)? 2PPIn(C)’c2a, 82

(A+c) A+’

tanh( §, A +Ac] - 4 o0, B3 In(CY) + 1y e§t+w3(r>
° 265(A+2)In(0) p :

Ab? + b2B — 4a,b26212In(C)? . (2a,6217In(C)?)
2byb? b,

b;(A+Bt | EP B(0)
tanh( gg [ oot 2 4 Lye ) ) |ed B,
an <96<4b052|n(C)+eX ¢

A% + Ac? + 4a, 60, 8217In(C)? 2PPIn(C)*c2a, 87

(A+c2)? A+ c2)?

2 2 _ 22 2 2
coth( &, HA” + A — 6o B In(CY) + Lye oLt B(@O)
260(A+c2)In(C) £

Ab? + b2B — 4a,b252/2In(C)? . (2,8212In(C)?)
2b,b? b,

Uyg(X, ) = l

Voe(X, 1) = l

Uyy (X, 1) = l

V27(X, t)= l

coth Ab? + b?B + 4a,b252/2In(C) < b,(A+B)t L XE) eé th,80)
4a,b212In(C)*5, 4by6,In(C) €

A? + A + 4a; o6, 6212IN(C)° 2PPIn(C)*cRary 52
+

(A+c) A+’

Uyg(x, t) = l
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t(A2 4+ Ac2 — da,cyc;821PIn(C)?
—tanh|{ 24, ( 9 L[0T ) +1x5
264(A+¢c2)In(C) £

t(A2 + A2 — 4a, ¢y, 821%In(C)?
J_ri\/pqsech<250< ( 0 107170 ) 4 Lye ezt+v1B(t)‘

2564(A+c2)In(C) €

Ab? + b7B — 40,6553 In(C)*  (20,831°In(C)?) (1o (DAFBE
2b,b? b, 2 4b 52In(C)

_ 1 [(bA+Bt | Leruso
h(1 AT oER e 2 TR
+iy/pgsec <296<4b052|n(c) T >>>]e

A% + Ac? + 4a, ¢, 8217In(C)? N 212In(C)* 2y 52
2 232
(A+<2) A+c)

t(A2 + Ac2 — 4a,c,c, 5217 In(C)?
—coth| 24, ( 0 1077 ’) + Ly
254(A+ c2)In(0) £

t(A% 4+ Ac2 — da; ¢y, 8217In(C)? 2
J_r\/pqcsch<250< ( 0 " 1907% ) +Lye oLt

Vyg(X, t) = l

Uyg(X, 1) = l

250(A+c2)In(C) €

Ab? + b2B — 4a,b28217In(C)*  (2a,622In(C)?) <_coth < 1, ( byA+Bt
2 6

Voo(X, t) = - i
29 l ZbObf b, 4b 52|n(C)

1 b,(A+Bt | 2 t4v,B(0)
Vpgesch( Lg, [ 2RETOR L Lye 2B,
EVPacsc <296<4b052In(C)+sX >>>]e

A? + A2 + 4a, o€, 6217IN(C)? L1 212In(C)* 2, 52
2 2 2
(A+c) (A+c)?

t(A2 + Ac? — 4a,c,c,8212In(C)?
/pqcoth 150 ( 0 1%0%1% ( ))+LX‘E
2 254(A+¢)In(C) €

2 2 22 2
+tanh<1—50<t(A + A2 — 4a;¢o¢; 82PIn(0)?) N x5>>>] e§t+v18(t)'
2

260(A+c2)In(C)
b,(A+ B)t

Vpacoth (296 <4b 5,0

Usp(x, t) = l

[N

Ab? + b1B — 4a,0557 7 In(O)” (a252/2|n(o ) (

Vaolx, t) =
[ 2b,b3

(77)
=)
—X
(78)
(79)
=)
-X
(80)

I, ))
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b;A+Bt | 5
hi 2 1 e S t+sz(t).
sonn (a0 e+ ) ) )|

Ab2+b2B+4a;b25217In(C)

where Js = 4a2bf/2|n(c)252

Type 7: If512 = 46,6, there is one solution is extracted as,

A? + Ac? + 4a, 6o, 8217In(C)* 2PPIn(C)*c2a, 82

Uz (X, 1) = Uyg(x, B) = l -

(A+c2)? A+’

tan| & t(AZ + Acg — 40,CoCy 5312"](02) + Lxs eéwa(r)
0 264(A +2)In(C)

L)

A% + A + 4ay ¢y, 8217In(C)

(A+c3)2

V3 (x, ) = l

t(A2+Ac2 ~4a1 cgcq 621 In(C)2
(A2+AC+4a, coc; 52 PIn(C)?) ( (Frig-tmcocrig7nO?) +Ix”>

3 20506 5 250 (A+c3 )In(©)
(16a7c;55/°In(C)°) 2a,6,/2(A+2)In(C) +2
5 5 2 212 ( t(A2+AC2—4a, ¢y¢; 5212In(C)) .
(A2 + A2 + 4a; cy¢; 6217In(C)?) < RGNS + Ix

Type 8:1f6, = y,6, = r y(r # 0)andé, = 0O, there is one solution is extracted as,

2,42 2210002
t(A2+Ac3~4ay cocy 212In(C)? ) IX€>
— r

udnn=h2¥< AT

2 2 22 2
+A + A2 + 4a, ¢4, 82PIn(C) ]eét”

(A+c2)°

Ab? + b2B — 4a,b252/2In(C)
2b,b?

Vi (X, t) = l

by

22 2 ) 2
_ (208 (Bxuz;;zr:z;wxc) _ ,)]

Type 9:If 6, = 0 = 4, there is one solution is extracted as,

1B0).

e

2
2 B(t)
5+, ( .

t(A2+AC2 4o, 6o 3212IN(CY) | |
h, (( 26,(A+c2)In(C) X >) A? + At + 4ay o, 8212In(C)? | 2
Uss(x, t) = 3 + 3
In(C) (A+c2)
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VD)= AbT + b1B — 4a,05577In(C)*  (8,In(C)? (Ab + bTB + 4a,b3531In(C)’) )
= 2b,b? 263
b,(A+B)t 3irvp
Ix¢€ 5 v, (r)‘
<4b052|n(c) i )]e #8)

Type 10:If 5, = 0 = §, there is one solution is extracted as,

A% + Ac? + 4a, ¢, 8217In(C)?
U34(X, t) = 5 >
(A+c})
2 v
3 2a, 6/ 6712t+v1 B(t). (89)
(A + Cz) (<t(A2+Acg—4a1coqéglzln(C)z) + ixé) >
0 26, (A+c2)In(0) £ :

_ | Ab] + 638 — 4a,b3522In(C)? 24,6, 12 2 s

V34(X, t) = b b2 + o AT e 2 . (90)
e €
o by <4b052|n(C) +Ix )
Type 11:1f 6, = 0Oandé, # 0then we extracted the mixed hyperbolic solutions as,
A? + Ac? + 4a, ¢y, 6217In(C)?
Uss(x, t) = 5
(A+c2)
~ p(A? + Ac? + 4a;¢oc, 8217In(C)?) . 2 et on
2\ 2 . (A2 HAG—4a 6o, 831PINCY) | 1, ) )
(A+c) (—5|nh<h3<( 2;0(A+c§)ln?C) +2x ) ) + cosh(J) + p)
2a,8,1%peln(C)>
vis(x, t) = — @,6,1°peln(C) —
H 1(A+B)t 1 (A+B)t ¢
b, <_S'nh (97 < 2ot T IXE) ) + cosh <g7 ( om0 T X > ) * p)
2
+Ab$ + be - 4a2b§5512ln(C) eéthB(t) o)
2b0b$ '
A% + Ac? + 4a; o, 8217In(C)?
Usg(x, t) = e
(A+c)
2 2_ a 22 2
2a, 5OI2In(C)2<h3sinh(J) + cosh<h3<t(A +A2CZ (‘L:g;:?é)'“(c) ) o Lxg>)> vz

— 0 0 3 e%HW B(r)’ (93)

> t(A2+AC2—4a, o, 6212In(C)?) Ioe ) ) >
(A+c2) (2cosh<h3( G +-x7) ) +q
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—Ab2—b?B+8a,b262/In(C)?
4a,byb, 6,2In(C)?

t(A2+ACE—40, o, 8217In(C)?)
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5 Graphical behavior under the effect of noise and M-truncated derivative

This section describes the graphical representations of the obtained results for the TFSGS model. These solutions are
successfully gained by using the new MEDA method. The obtained results have randomness and fractional effects in the
wave structures. It would be necessary to express the two chemical reactants, u, and v, in a physical description of the

Fig. 1 The 3-dimensional,
2-dimensional, and contour
representations for the solu- 0.5
tion u,(x, ) under the noise e
effect using the different |

lua () L
values of constants such as k
A=02,€=07a,=2,B=19, 0l 3
¢=0.9,¢,=1,6,=0.5h=0.6,
1=2
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Fig.2 The 3-dimensional,
2-dimensional, and contour
representations for the solu-
tion ug(x, t) under the noise
effect using the different
values of constants such as
A=22,e€=0.8a,=27,B=1.99,
¢,=0.3,¢,=1.9,6,=0.5,
h=10.001,/=1.2

Fig.3 The 3-dimensional,
2-dimensional, and contour
representations for the solu-
tion u;4(x, t) under the noise
effect using the different
values of constants such as
A=1.2,€=0.90a,=27,8=13,
€,=0.03,¢,=0.5,8,=0.3,
h=1.1,/=1.2

Fig.4 The 3-dimensional,
2-dimensional, and contour
representations for the solu-
tion u,,(x, t) under the noise
effect using the different
values of constants such as
A=12,€=05a,=07B8=13,
¢=0.3,¢,=0.9,6,=0.5,
h=1.1,1=0.2

lug (x, ]
7 2.0
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luge(x, 1)
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1, e (x.9)11.0
Jo 0.5

10

lugz(x, I
A

o/
/1.5
4 |

x

stochastic Gray-Scott model. These reactants might be conceptualized as many kinds of substances or particles found
in an actual system. The two chemical reactants, u and v, would need to be represented physically in order to create a

stochastic Gray-Scott model. Reactants are several kinds of substances or particles that are found in a real-world system.
There is an additional component of unpredictability in the stochastic Gray-Scott model. The study of pattern genera-

tion and complex dynamics in reaction—-diffusion systems is a common application of the stochastic Gray-Scott model
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Fig.5 The 3-dimensional,
2-dimensional, and contour
representations for the solu-
tion v;(x, t) under the noise
effect using the different
values of constants such as
A=02,e=07a,=1,0,=2,
b,=0.9,b,=0.5,B=1.9,
5,=0.6,1=2

Fig.6 The 3-dimensional,
2-dimensional, and contour
representations for the solu-
tion vg(x, t) under the noise
effect using the different
values of constants such as
A=12,e=05a,=1,0a,=2,
b,=1.4,b,=0.9,B=1.4,
6,=0.2,1=3.2

Fig.7 The 3-dimensional,
2-dimensional, and contour
representations for the solu-
tion v;(x, t) under the noise
effect using the different
values of constants such as
A=19€=0.01,0a0,=1,0,=2.9,
b,=0.9,b,=0.9,8=3.9,
6,=09,/=0.2
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and its physical representation, which finds value in chemistry, biology, and materials science. This could be illustrated
by displaying random noise or fluctuations in the system, possibly by varying the reaction or diffusion rates at various
times. In the stochastic Gray-Scott model, constructing physical representations of solitary wave solutions is a challenging
and computationally demanding operation. Proficiency in data visualization, numerical simulations, and mathematical
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Fig.8 The 3-dimensional,
2-dimensional, and contour
representations for the solu-

A=12,e=05a,=1.7,B=13,
5,=0.9,1=0.2

Ivas(x, )
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N
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tion v,4(x, t) under the noise T | 1.0
effect using the different os | UG g
values of constants such as O . y 0.5
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(c) For v=0.8 (d) For v =0.9

Fig. 9 The subfigures (a-d) show the 3-dimensional behaviors under the different noise strengths

modeling will be required. The different solutions are plotted in the 3-dimensional, 2-dimensional, and their correspond-
ing contour representations respectively. The Fig. 1 is plotted for the solution u, (x, t) while Fig. 2 for the solution uy(x, t).
Figures 3,4 are plotted for the solutions u,4(x, t) and u,,(x, t) respectively. Figures 5,6,7,8 are drawn for the solutions v, (x, t),
Vve(X, ), v5(x, t) and v,4(x, t) respectively. Moreover, Fig. 9 shows the different behaviors of the noise which shows that if
we increase the values of v the noise increases in the physical system. Figure 9a is drawn for the v = 0 which is a classi-
cal solution without randomness so the solution provides us the dark soliton solution. Further, we increase the value of
v = 0.3in Fig. 9b which disturbs the shape a little much and involves the randomness in the behavior. Figures 9c and 9d
are drawn for the values v = 0.8 and v = 0.9 respectively. To, show the effects of fractional order we dispatched Fig. 10
for the different values of ¢. Figures 10a,10b,10c,10d are drawn for the e = 0.1,0.3,0.7,0.99 respectively.
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09
via(x, t t
lvaal LI b
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(c) For € = 0.7 (d) For € = 0.99

Fig. 10 The subfigures (a-d) show the 3-dimensional behaviors under the different fractional effects

6 Conclusions

In this research, we look into the abundant families of soliton solutions for the TFSGS model. The Gray-Scott model
is analyzed under the M-truncated derivative and multiplicative time noise. This is a reaction-diffusion chemical
concentration model that explains the irreversible chemical reaction process. The different abundant families of solu-
tions are obtained by using the newly modified extended direct algebraic method. These solutions are explored in
the form of shock, complicated solitary-shock, shock-singular, and periodic-singular types of single and combination
wave structures. These are the exact traveling wave solutions that carry the chemical concentrations for the reactants
under the reaction and diffusion process. Additionally, we plot our solutions and display many two-dimensional,
three-dimensional, and contour graphs using MATHEMATICA 11.1 that demonstrate the capabilities of the influence
of Brownian motion and fractional derivative on the soliton solutions of the TFSGS model. We show that the TFDGS
model solutions are stabilized at around zero by the multiplicative Brownian motion. These wave solutions represent
the chemical concentrations of the reactants. Further, this study is very helpful for the researchers to analyze this
model for the dynamical study. The obtained results are very useful for examining and verifying the analytical solu-
tions using numerical and experimental work in nonlinear dynamics. In future, such work can be applied to take deep
insight of the stochastic fractional reaction-diffusion epidemic models, the stochastic fractional reaction-diffusion
prey-predator models, stochastic fractional reaction diffusion nutrient algae models.
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