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Abstract: Many real-world problems are analyzed by using this generalized kind of fractional derivative such as fractal-fractional
derivative. In this essay, the detrimental effects on human life and economic considerations are illustrated through an analysis of the
militant network’s mathematical model. In order to investigate the effects of militants on society, an epidemic model with a time-
fractional order was used to characterise a militant network. The suggested model’s existence and uniqueness are demonstrated using
equilibrium analysis. A qualitative study as well as a sensitivity analysis of the fractional order system are conducted. Another method
for assessing the local and global impacts of militancy on society is the Ulam-Hyres stability. Additionally, the Lipschitz condition and
linear growth model are employed to satisfy the uniqueness of the exact solution criterion. Two-step Lagrange polynomials with Mittag-
Leffler kernels are used to find solutions, which show how the illness affects plants by examining the effects of fractional operators. To
comprehend how the militant network model behaves, simulations have been created. In order to reduce the number of militants and
the danger of terrorism, decision-makers will be able to create circumstances based on the parameters of the model with the aid of this
analysis. This research supports the United Nation SDG 16 (Peace, Justice and Strong Institutions) by developing militant’s network
model with appropriate level of policing measures.

Keywords: Fractal-fractional derivative; Network of militants; Uniqueness; Sensitivity; Local Stability; Ulam-hyers stability; Mittag-
Leffler kernel, UN SDG 16 (Peace, Justice and Strong Institutions).

1 Introduction

Fundamentalism and terrorism are serious issues that harm human beings both physically and psychologically. The attack
on September 11th, 2001 [1], demonstrated that terrorism is likely to cause losses worth more than 40bn and the death
of roughly 3,000 people, which is more than the deadliest natural catastrophe to hit the United States. To minimize
this threat, policymakers constantly attempt to do analysis [2,3,4]. Fundamentalism does not spread by carriers, blood
transfusions, or other means like the Hepatitis B virus, Aids, polio, etc. Similar to smoking, fundamentalism spreads via
direct interaction with militant groups. A person could occasionally become militant for a variety of reasons. Some turn
to terrorism because their family members are terrorists, some people are misled by militants and some are dragged,
etc. It is commonly known that mathematical models can address and offer solutions to specific issues related to the
condition being researched. For example, epidemiological models are very useful in forecasting the risk of terrorism and
the spread of infectious diseases. Statistical regression method [5] and machine learning approach [6] have also been used
in predicting the trend and behaviour of the infectious viral diseases. The community is assisted in managing the disorder
by recognizing sensitive aspects. To reduce the risk of terrorism in the affected area, mathematical modeling is extremely
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important in analyzing militant’s network and in determining the appropriate level of police presence. Both politicians
and academics working in related sectors could benefit from the education provided by mathematical models [7]. Some
impact of militant network targets can be seen in figure 1(a,b,c), which a re harm and destroy social, economical, and
human compatibility.

(a) Effect 1 (b) Effect 2 (c) Effect 3

Fig. 1: Effect of the Militant Network on Social Life

In this context, Major [1] established a specific function that provides the likelihood of a militant attack strategy and
its success. According to Pate et al. [8] a probabilistic model of potential terrorist attacks has been put forth that takes
into account the likelihood of various scenarios, the objectives of the United States and terrorists, and their combative
dynamics. A probabilistic model of the probability of terrorism and an estimate of the annual damage caused by terrorist
strikes were both published by Willis et al. [9]. Additionally, they computed the significant risk reduction. In a case study
application inside the United States, a model for estimating regional terrorist risk and its applicability, advantages, and
disadvantages is published by Chatterjee et al. [10]. The evolution of British political party membership, which directly
influences the political efficacy of such parties, was examined by Jeffs et al [11] using the mathematics of epidemiology.
We suggest [12,13] for further information.

I provide a deterministic model with fractal fractional derivatives in this research for the management and
propagation of militants.The topic of fractional calculus has garnered a lot of attention recently. At the moment,
Atangana [14] has created a novel approach for the fractal fractional derivative. The concept behind this topic is
frequently quite beneficial for resolving some challenging problems. This new approach to fractal fraction calculation
outperforms the conventional approach [15,16,17,18]. This is so that one may study both fractal dimensions and fraction
operators at the same time when dealing with fractal fractional derivatives. You can create a model that explains memory
effects in systems more precisely by using this operator, which is a substantial benefit. Furthermore, when
comprehending a system’s information capability is necessary, there are extra challenges in the real world. Reported
some advancements in the use of innovative applications and different kernels in fractal-fractional differential equations
[19,20].Fractional calculus is piqueing attention of academics throughout world due to its wide range of advantages and
useful applications to problems in physics and engineering. Heritable characteristics, memory, and crossover behavior
can only be studied using a model with a fractional-order structure [21,22].

The section titled ”Introduction” in this endeavour discusses the Introduction. Section 2 of the article covered the
fundamentals of the commonly used fractional operator. In section 3, we present a deterministic model for the spread and
control of militants with fractal fractional derivative, discussed the positiveness and boundedness of solutions, studied
the uniqueness, existence and stability analysis with related theorems. In section 4, On the basis of the fractal fractional
derivative, a numerical Atangana-Toufik scheme is presented. In section 5, the model is simulated for various fractional
order values to observe how it behaves dynamically. In section 6, We draw a conclusion on the model’s findings.
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2 Preliminaries

We have some important definition in this section

Definition 21[23] The fractional integral operator of order y > 0 in Riemann-Liouville sense for U(z) : (0,%0) € R is as
follow

_ 1 4 _
Ly (1) — m/0 (t— U (R)d(T), > 0, 1)
1 4 _
RLIE (1) = W/o (t— U (t)d(T), t > 0,
SLU() =U (1) 2)

where pt > Oand I'(.) is known as gamma function.

Definition 22[23] The fractional derivative of order p > 0 in Riemann-Liouville sense for U(z) : (0,e0) € R is as follow

A d U ), 0<i—1<u,l=
gLDﬁJU(t): {10["[(1 dtl f() (t—T)H— 1+1 ( )7 = u, “ﬂ’ (3)
dtlU(t)? IJ':IGN.

Definition 23[23] The fractional derivative of order p > 0 in Caputo sense for U(z) : (0,o0) € R is as follow

4 y(q)
1 t g _ —
Spfu(r) = { Tm o o d(0), O<i=l<pl={ul, @
TU®), pu=ILEN.
dr
Definition 24For U € H'(x,y). The Caputo-Fabrizio fractional derivative [23] is defined as
X(u) [+ d t—1
CF M
D(U:):—/—Urex [— —]dr,l—l< <1, 5
Hoo) =720 [ U @esn| —ui— u ®
where X () is a normalization function.
Definition 25[23,24] The left and right Antagana-Baleanu derivative in Caputo sense (ABC) is defined as
AB(w) [t d (=)
ABC pylt
DM (U(1)) = Ly E{— 7}1,1—1 I, 6
a Di(U()) =i ), ar (T)Ey el <p< (6)
and
AB(u) [ d (1)t
ABC 1 —
peotwn)=-"=0 [ U@ u[-u = Jav 1-1<u<t, %)
where E,, is the Mittag-Leffler function and AB(u) is a normalization function.
Definition 26[23] Atangana-Baleanu fractional integral of order u of a function y/(r) can be expressed as
l—u I ! -
ABC i 1
I'(U®) = Ut)+ /Uft—r’“‘ dr. (8)
PR WO) = 5L VO+ g | U@eE—D

3 Fractional Order Network of Militants Model

The network of militants may be analyzed mathematically, and the optimal amount of police presence in the affected area
can be determined to reduce the threat of terrorism. Politicians as well as academics working in relevant subjects might
benefit from mathematical models. The militant network is modeled deterministically in this part. This model consists of
four classes. We propose the model [7] in a modified form:

0"°Dy'P(t) = e — cP(t)M(t) — oP(1),

05D O(t) = cP()M(1) — (x +d)O(1),

07D M(1) = dro(1) — (y+e)M (1),

ABEDRO(r) = d(1 —1r)O(t) + eM(t) — 0Q(1). )
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With initial condition
P(0) >0, 0(0) >0, M(0) >0, Q(0) >0

Here P(t) represents the potential militants class. The function O(t) represents the occasional militant class, and The
function M(t) represents the militant class. The function Q(t) represents quit class.

Table 1: The parameters of the recommended model

The constant rate of potential class growth brought on by migration and births
The potential class’s inherent mortality rate
the natural mortality rate of the occasionally militant class
the natural death rate of the militant class
the natural death rate of quit class
the transmission coefficient from potential class to the occasional militant class
the transition rate from the occasional class to militants and quit class
the rate at which militants quit militancy

NN EERS ™

The positive value of parameter c increases by increasing the activities of militants.

3.1 Boundness and Positiveness of system

We start with the O(r) class. V¢ > 0, we have

O(r) > Oge~ X+, (10)

With respect to M(¢), V¢t > 0 we have the following inequality

M(t) > Mge™ Y+ (11)

For Q(¢) , the inequality is following

O(t) > Qoe™®, V>0 (12)

Norm for model is defined as

| & [l= sup [a(t)] (13)
t€Dg

where Dy, is the domain of &. we have

P=¢€—cP(t)M(t)—@P(t), Vt>0

> —(c|M|+ )P, VvVt >0 (14)
> —(csup M|+ )P, Vi >0
1€Dg
> (M. +9)P, V=0
This yeilds
P(r) > Pyexp~cIMl=+0) = gy >0 (15)

Theorem 31The recommended mlitants model solution is unique and constrained in R*, along with the initial
circumstances.
Proof. By using method given in [18], We have got

D}"°(P(1))p=o = & >0,
D"’ (0(t)) o= = cPM >0,
D"’ (M(t))y=0 = drO >0,
D" °(0(t))g=0 = d(1—r)O+eM >0, (16)
If (P(0),0(0),M(0),0(0)) € R*, then (16) states that the solution is unable to depart from the hyperplane.
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3.2 Existence and uniqueness

Here, we will use fixed point theorems to determine whether a solution to our suggested model (9) exists. We can write
kernels simply as;

=d(1—-7r)O(t) +eM(r) — 0Q(t) (17)

using Eq.(8), we have

) X [e=cP(t)M(1) — P(1)]

_o(l—u)eetu(r)
a AB(u)
e ) 0047 X PO)IM(9) ~ (x +)0(9)ld0
o(l—w)°u(r)

AB(u)
(15

U ABw) /0 (t—0)0" ") x [drO(9) — (W +e)M(9)]do

~o(1—pe°'u(r)

[ =104 x d(1-1)0(9) + eM(9) - w0(9)]a0 18)

) x [eP(O)M(1) = (x +d)O(1)]

M(1) —M(0) = ( ) x [drO(t) — (y+e)M(t)]

) x[d(1=r)O(t) +eM(t) — 0Q(t)]

uc
AB(u)

consider that P(),0(t),M(t),0(t), and P(t),0(t),M(t),0Q(t) are functions that are continuous so that

+(

1P(@) <%, [ O0) |I< %o, | M(2) || < 13, | Q) [ < K (19)

Now we will prove that the kernels G1, G2, G3, and G4 fulfil the Lipschitz condition.
Theorem 32The Lipschitz condition and contraction are satisfied by the kernel G if the following inequality is true.:
0< (ck3+¢) <1 20)

Proof: Assuming that there are two functions, P(¢) and P(t), then

1G1 (1, P(1)) = G (2, P(1)) || = || [& = cP()M(t) — pP(1)] - [€ = cP(1)M (1) — @P(1)] |
< (c|[M@) ) | P(t) = P() || +(@) [| P(1) = P(t)
<AL P(t)—P() | @
The Lipschitz conditions for G,, Gz, G4 are :
| G2(t,0(1)) = Ga2(1,0(1)) || < Az || O(t) = O(1) || (22)
| G3(t,M(1)) — G3(t,M(1)) || < Az || M(t) —M(z) | (23)
| Ga(t,0(1)) — Ga(r,0(1)) || < Az || Q(t) = O(1) || (24)
where
Ay =(x+d),As=(y+e),Aa=0 (25)

If 0 < (x+d) < 1, then G is a contraction.
If 0 < (y+e) < 1, then contraction G exist.
If 0 < (w) < 1, then contraction G4 exist.
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Theorem 33Suppose
X =max{A;} <1,i=1,2,3,4 (26)

Hence proved.
Proof: Suppose that

O1n(t) = Fryr (1) = P(1)

Binlt) = Quia (1) ~ QU @
we obtain, similarly for others
I 81 || < [‘W]x | Gy (t,B (1) — G 0, P(0) |
s [ 0=000" x| G10.P0) = Gr(e.P0) | o
< (S 1O
< (CUME Mo | 28
similarly,
18011 < (21 6t 040) - a0 |
g [ =000 | Ga(1.040)) ~ Gale.00) [ o
< (LT A0, o, - 0|
e R >
18011 < (2 Gt )~ Gate M) |
s [ =000 | Go(eMy(0) G (M) | o
< (CUZUT O,y |
<y R | o
180011 < (2 Gt 040) ~ Gal00) |
s [ =000 x| Gu(1.040) ~ Gule.00) [ o
< QUM A0 g, -]
< ("(1_(%:#;)”6)” " o-0i 61

For n = 1,2,3,4, we observe that &;,(¢) — 0 as n — oo.
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3.3 Analysis of equilibrium points

I present an analysis of equilibrium locations in this subsection. Militant free equilibrium point is
€
EO(RO,MvQ) = (67070,0) (32)

as well as the endemic equilibrium point being E; (P*,0*, M*, Q*), where

pr_ drx)lety)
cdr
. & Plety)
d+x cdr
(o] der

c (d+x)(etwy)
(p(d+x)(e+y)—cder)(e+y—yr)
cld+x)(e+y)or

M =—-—=+

Q" =

3.4 Reproductive number

To continue with our prior analysis, here we shall derive the reproductive number. Reproduction number play an important
role in the field of epidemiological modeling, as it helps to understand the stability conditions.The vectors F and V stand
in for the genesis of new illnesses and the spread of already-existing infections, respectively. Reproduction number is
calculated as

Ry = p(FV~) (33)

F= (CI:)M> V= <_dr(()x++(cl:’/)40r e)M >

The Jacobians of F and V are calculated as

_(0cP x+d 0
F‘(o 0)“”" V(—dr l//-i—e)

we have

Now

L (G v
}FV7 = x+d y+e) Y+te
(F % %)
Thus det(FV~! — A1) = —2 [L _ 4

(x+d)(y+e)
soA; =0and A, = (XJF%%

Due to the fact that Ry is a dominating eigenvalue of FV~!
cdre

Ro=RE) = ST v re)

(34)

3.5 Sensitivity analysis

Sensitivity analysis is used to evaluate how different parameters will affect a model’s stability given uncertain data. This
study may also identify the key factors.
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If we take into account the partial derivative of the threshold for the relevant parameters, we can investigate the
sensitivity of Ry as follows:

% B dre > 0
dc o(x+d)(v+e)

JRy cde

g "t S
ar o(x+d)(v+e)

Ry cdr
A
de o(x+d)(v+e)

IRy crdy 0
dd  e(x+d)>(y+e)

Ry cdre

5o = e < 0
e P> (x+d)(y+e)

JRy crde

= == s < 0
ax o(x+d)*(y+e)

dRy crde

S = < 0
Iy o(x+d)(y+e)

JRy crde

= -_ -7 @ < 0
de o(x+d)(y+e)?

We can see that Ry is very sensitive when we alter the parameters. In this work, ¢, r,d, € are expanding while ¢, x, v, e are
decreasing. Therefore, prevention is better to control the militants.

3.6 Local stability of the model

Theorem 34The suggested fractional-order model of militants has a disease-free equilibrium (DF) that is locally
asymptotically stable if Ry < 1 and unstable if Ry > 1.
proof.At Ej , we have

—cM — ¢ 0 —cP 0
T cM  —(x+d) cP 0
o 0 dr —(y+e) 0
0 d(1—r) e -0
At disease free equilibrium point, we have
-¢ 0 ’Tﬁ'e 0
Jo = 0 —(x+4d) % 0
0 dr —(y+e) 0
0 d(1—r) e -0

The DFE is locally asymptotically stable if all eigenvalues A;,i = 1,2,3,4 of the matrix Jy fulfil the requirement

o
mg&ﬂ>v5n i=1,234 (35)

arg (eig(Jo)) ‘ =

eigenvalues can be find out by solving the characteristic equation

lJo—AIl =0 (36)
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eigen values are

112—(/)
(rdryro e [rd R —4(+ay+e) - 2)
Ay = -
—(x+d+y+e)— ¢(x+d+w+e)2—4((x+d)(w+e)—““ﬁ,fr)
A3 =
2
h=-0 (37)

We observe that the real part of each eigenvalue is exclusively negative for time t if and only if Ry < 1. Hence, the model
(9) is locally asymptotically stable at point Ey if Ry < 1 and is unstable when Ry > 1.

Theorem 35The proposed fractional order model of militants’ EE point exhibits locally asymptotically stable behaviour
if Ry > 1 and unstable otherwise.
proof.The jacobian matrix at EE point is given as

— @Ry 0 —¢R—1) 0

= | PRo—1) =(x+d) @(Ro—1) ©
! 0 dr —(y+e) 0
0 d(1—r) e -

By considering the characteristic equation |J; — AI| = 0, we have the following form

(—0—2)[(=pRo—) ((=b1 = A)(—c1 = 2) —drp(Ro— 1)) = (@(Ry— 1))*dr| =0 (38)

where b) = ¥ +d and c; = y +e. It is discovered through the use of the software Matlab that, if Ry > 1, the real part of
all the eigenvalues are negative. Hence this complete the proof.

3.7 Ulam-Hyers Stability

The system’s is Ulam-Hyers stable if there are constants £2; > 0 (i = 1,2,3,4) fulfilling for every p; >0 (i =1,2,3,4).

10— (P06 p0) (RO [ 010 )61 Pl | < py

AB(u) AB(u)
_ o—1 t
00~ (PU S )Ga(1.00)) - (585 [[0-0)6 )6Galr. 00)a0 | < p
_ o—1 t
()~ (P16 M0) (s [ (=000 Ga(e. M) | < py
_ o—1 t
100~ (T 1640.00) ~ (555 [[1-0)0" )Ga(r. 00 | < py (9)

there exist P(¢), O(t), M(t), Q(t) satisfying

_ o—1 t
P) = (T 1600,0) + [ [ (- 0)0% 61 1.P0)d

_ o—1 _ it o
o) = (ZU I 1620.00)) + 5% [[ (1 910 1162.0(0)d0
_ o—1 t
() = 2016 M) + (5 [ (0= 000" 1Ga (1 W0)ao
_ o—1 o t _
0) = (P G160, 000) + s [[ (1= 0)0" 116,000 40)
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such that

=
!
~|

o) —

~

=
T
NEs)

VAN VAN VAR VAN

~

—_ — — —

4824 41)
36Consider that P(t),0(t),M(t),Q(t), and P(t),0(t),M(t),Q(t) are functions that are continuous so that

~—~ Y~~~

o(t)-0
Theorem
| P() [|< &1, || O) [[< o, | M(2) [|[< Z5, || Q1) [[< E4 (42)

If so, then Ulam-Hyers stability for the fractional model (9) exists.
Proof : We have found a solution for P(t), O(t), M(t), and Q(t). Let’s say the approximate solutions to our system are
P(t), O(t), M(z), Q(t), and they meet the following criteria.

_ o—1 t
1)~ P0) | < 20— 210 PO) + [ s [ (- 004 1) 210,70
01 B
< (R0 5 p-p)
(43)
consider &; = p; and ; = %W fori=1,2,3,4, we have
| P()~P(r) 1< P12 (@)
similarly,
- o—1 o t _
10()-00) | < [ZC 05— 22000+ 5o [ - 0004 1] 2201000
_ o—1
< (U T 5 0-0 )< pa @)
_ o—1 t
| M)~ F(0) | < [%] (M0 + gy [, (=900 ~') S50 (0)do
_ o—1
<@l ;‘;’w) RS & MW < pyy (46)
_ o—1 o t _
10()-00) | < 70— 24000) + g [~ 0)0n 1] 241000
_ o—1
<@l fg(m ) g 0T ll< pi (47)

These discrepancies demonstrate the Ulam-Hyers stability of the system.

4 Numerical scheme

In this section, The nonlinear fractional differential equation with respect to the ABC fractional derivative of order mu is
presented below, and this approach can be utilized to derive an approximation of the solution:

0" DiU() =g(r,U(r)) (48)
with the following initial conditions

Ut(0)=UP, v=0,1,23,..,[u]—1. (49)
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By utilizing the fundamental theorem of FC, Eq,(48) may be changed into a fractional integral equation as

U(t) =U(0) + 1—H g(t,U(t))+

n—1
ABC(1) ABC / g(wU(D)t—1)" de (50)

At a given point ¢, 1,n = 1,2, 3, ... the above equation can be written as

Ul(tyt1) =U(0)+ Azls%(i)g(tm Uty))+ m % /Otm g(T,U (1)) (tar1 — T)* d7 (1)
Ultn1) = U(0)+ Alls%&)g(t”’l](t”)) " WBC(“) <y / g(T.U(0) (b1 — 1) 'de (52)

Using the two-step Lagrange polynomial interpolation, the function g(z,U(¢)) with in the interval [t;,¢;1]can be
approximated as follows:

Gl®) = gl U ()~ - g, Ul )
Gi(1) = W(T—U—l)—W(T—U)
o S ) Sl oy (53

substitute the above equation into equation [52], we get

1 p

e I e m DY (B 17 ety — 0 ae

C(w)ABC(u) = S\ h

- sl Ui) [ @)t — 0 ae) (54)

Utyr1) =U(0)+

we get

1—p u
Ultns1) =U(0) + ﬁg(tn,U(tn)) +Wx

;)(hﬂr(u+2)(blb2—b3b4)—h” NI (b5—b3b6)> (55)

where

=(n—j+1*,
bz—(” J+2+u),
= (n—j)*,
b4—(n j+2+2u),
= (n—j+ D,
=(

n—j+14+u),

For model [],9 we have

B =P(0) + Ag%&)gm,m» + 5o

n i—1,Pj—
Z (l’l” 8 t]? ] ) b bz—b3b4) h“w(bs_b3b6)) (56)
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Opi1 = 0(0) + Iﬁ(‘;)g(% O(tn)) + Iﬁ(#) X

i (h“ UL )) (biby — biby) — h“g(ltf(;’sz)l)(m ~babs)) (57)
My :M(O)+Iﬁ(‘;)g(tn,M(tn))+ABg(u) x

j;) (h“i%(blbz — bsyby) — hﬂ%(bs —b3b6)) (58)
0ui1 = 0(0)+ s (1. 00) + b

,io (h’“‘r((ii’f))(b by — bsbs) — huw(bs —b3b6)) (59)

5 Numerical results sand Discussion

This section discusses how the suggested militant model was numerically simulated utilizing a fractal-fractional approach.
For model with given beginning circumstances, we thus employed the fractal-fractional derivative. A nonlinear system’s
results are derived using fractional values at given initial condition and parameters values in [5] which are . The following
are the parameters and beginning conditions:

¢ =10.00001576507,d = 0.20635,¢ = 0.0022, ¢ = 0.008, y = 0.008, y = 0.008, ® = 0.008,& = 0.015,r=0.7 P(0) =
439140, 0O(0) =9000, M(0)= 1300 and Q(0)=560.

In Figures 1 to 4, we displayed simulation results with a range of fractional order (1) values. As shown in Figures 1-4,
we graphically illustrate the network of militants model using the suggested numerical approach at various fractional order
u =0.85,0.9,0.95 values and contrast results for integer order and fractal-fractional order. The trajectories all follow the
same path and come together at actual EE point. The dynamics of the potential population of militants are shown in figure
1 for each trajectory against a particular value of p. Each graph in Figure 1 has a distinct rate of convergence (per (),
which is obvious, but each curve ends up in a steady state. Figure 1 shows that as the order u is raised, the potential
population of militants becomes less valuable. Fig.2, shows that when we increase the value of fractional order (u) ,
there is also an increase in occasional militants class to a certain point after that start decreasing. Hence the population of
the militants will grow as shown in fig.3, and after reaching the equilibrium point start decreasing. Since the population
of occasional and militants is decreasing after reaching an equilibrium point. As a result, the population of quit class is
increasing as represented in fig.4. The graphical results demonstrate how well it achieved the intended results. Exams are
conducted for particular parameters at different fractional levels in order to ascertain the impact of the fractional order
model. All of the compartments’ solutions reduce fractional values to provide the required precision and dependability.
The memory effect of the fractional derivative is illustrated graphically in order to observe the dynamic behaviour of the
model’s compartments.

as =~ 10° Simulation with Fractional operator
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%
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[e) \_
o 5 10 15 20 25 30 35 40 a5 50
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Fig. 2: Modeling of P(t) with fractional operator for proposed model
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Fig. 3: Modeling of O(t) with fractional operator for proposed model

AT T,

10 15 20 25 30 35 40 45 50

o
o

Fig. 4: Modeling of M(t) with fractional operator for proposed model
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Fig. 5: Modeling of Q(t) with fractional operator for proposed model
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6 Conclusion

In this paper, we provided a fractal-fractional derivative model of the militant network. In contrast to the classical model,
it should be noted that the fractional order model’s result have an effect on memory in the epidemic model. The
solutions’ positivity and boundedness is carried out. We decided to conduct a thorough investigation on the existence and
originality of answer. The stability analysis has been discussed using the Ulam-Hyers technique after getting
reproduction number and equilibrium points. It has been discussed how stability analysis can help with practical
problems involving the fractional operator’s memory effect. There have been built numerical simulation for various
fractional order values (u).It has been compared between fractional order and integer order to understand how the
suggested model behaves dynamically. Policymakers will find the findings from our study useful in their upcoming work.
The memory aspects of fractal fractional derivative, which are not possible with integer-order derivative, should be
highlighted since they investigate the hidden dynamics of mathematical models.
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