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1 Introduction

Measles virus is a paramyxo virus, genus morbilivirus. It transmits through person to per-
son with 90% secondary attack rates among susceptible persons. The virus initially infects
immune cells in lungs and spreads in the whole body. As it travels in blood, it infects the
capillaries in the skin, which results in red rashes on the skin. It is one of the primary
causes of serious and fatal complications including pneumonia, diarrhoea and encephali-
tis, blindness, deafness, and impaired vision. To control this disease, health institutions
recommend children to get measles vaccine. There are three types of vaccines that are
commonly used: MMR (measles, mumps, and rebulla), MR (measles and rebulla), and
MMRYV (measles, mumps, rebulla, and varicella). All those vaccines consist of two doses.
According to Center Disease Control and Prevention (CDC), the vaccines are 95% effec-
tive against the disease [1-6]. Some mathematical models of the measles spread have been
introduced by several authors [5, 6]. The measles spread model with three vaccines is given
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W= A1 -q) - yv—pu— pyu - Bu(w +x) - d1u,

L= Alq) + pau + dru—yv—pv—ov,

L = Bu(w +X) — 4w — aw — oW — oW, (0
% = QW —8x — UX — [U3X — PoX,

% = oW + OV + 3K — LY + P3x + PaW,

where u represents susceptible, v represents vaccinated, w represents exposed, x repre-
sents infected, and y represents recovered individuals. ¢, is the first vaccine, ¢, is the
second, and ¢j3 is the third vaccine. A is the recruitment rate, § is the transmission rate,
w is the natural death rate, y is the vaccine wane rate, g is the proportion of new born,
«a is the progression rate from exposed to infected individuals, w is the rate at which vac-
cine works well, § is the death rate induced by disease, 111 is the vaccination rate, 1, is the
measles therapy rate of exposed individuals, and pu3 is the recovery rate.

It has been evident that fractional calculus is increasingly used by for mathematical mod-
eling of different real-life problems. Normally, integer order derivative does not accurately
explore the dynamics as compared with fractional derivative. On the other hand, a vari-
ety of concepts have been introduced by different researchers to describe the aforesaid
derivatives. The most famous definitions have been given by Riemann and Liouville, Ca-
puto, Hadamard, etc. (see [7—10]).

Caputo and Fabrizio in 2015 introduced a new concept about fractional order derivatives
based on non-singular kernel [11, 12]. Some remarkable observations have been recorded,
Caputo—Fabrizio fractional integral is the fractional average of the function itself and its
fractional integral in Riemann—-Liouville sense. Recently, existence results on the human
liver model have been investigated by using the definition of the Caputo—Fabrizio deriva-
tive. Also, mathematical models of tumor immune-surveillance using non-singular deriva-
tive have been discussed. Many different mathematical models for medical diseases (such
as models of dengue fever, diabetes, and tuberculosis) have been studied with the help of
Caputo—Fabrizio derivative [13—-20]. In recent time, some significant work has been pro-
duced. The respective work has been carried out to investigate mainly the existence of a
solution, or series-type solutions, by using various tools of applied analysis, for details,
see [13, 21-23]. In an attempt to contribute to the existing literature on mathematical
tools to handle similar problems, we propose the use of LADM, which is used to find an-
alytical approximate solution to many nonlinear problems. This technique has been very
well explored for ordinary as well as for fractional differential equations [15, 24—28]. Re-
cently, a biological model of dengue fever has been investigated for qualitative theory by
using fixed point theory and for analytical study via LADM, see [29]. Therefore, we utilize
LADM for the series type solution of measles spread model (1) under CFED to obtain a
satisfactory results. We consider model (1) and take the CFFD of the model of order o
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such that o € (0, 1] as given below:

FDVu=A(l-q) - yv—pu— piu— Bu(w +x) — ¢,
CEDIv = A(g) + i + pru— yv — uv — wv,
CEDCw = Bu(w + x) — uw — aw — oW — oW, (2

CFD;’x =AW — 86X — UX — 43X — P3X,

CEDTy = pow + wv + 3x — 1y + p3x + dow
subject to the conditions
uw(0)=0, v(0)=0, w(0)=0, x(0)=0,  »0)=0.

We obtain the solution in the form of series for the considered problem. Also, we display
the results against different values of fractional order o € (0, 1] that are numerically solved.
Also, we provide results about the existence and uniqueness of solution for the concerned
model. Here, we remark that some qualitative work, which addresses existence of solution,
computation of series solutions, etc., has been framed in the last few years (see [30-33]).

The structure of the rest of the paper is as follows. In Sect. 2, we recall some definitions
and basic ideas of the Caputo—Fabrizio derivative. In Sect. 3, we present the results of
existence and uniqueness of the concerned model. In Sect. 4, we find the analytical solu-
tion of the model by using the Laplace Adomian decomposition method for the fractional
order. In Sect. 5, we present and discuss the numerical results. In Sect. 6, we discuss the

conclusions and some future directions.

2 Preliminaries
Definition 2.1 ([14]) Let ¢ € H'(0,a) be a space such thata > 0, o € (0, 1), then the CFFD
is recalled as follows:

CF’D§r ((p(t)) = %/0 o' (t) exp[—a %} dg,

M(o) is the normalization function with M(1) = M(0) = 1. If the function fails to exist
in H1(0,a), then the derivative can be redefined as

=02 60) = S0 [0 gie x| - 1 | .

Definition 2.2 ([14]) Let o € ]0, 1], then the integral of fractional order ¢ of function ¢
is defined by

(1-0)
M(o)

CF7o _ o ! >
T[] = S v0+ s [ e, 1zo

Definition 2.3 The Laplace transform of CFFD CFD‘t’x(t) is given as

oC[CFDfx(t)] = %, s>0,0 €(0,1].
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3 Existence and uniqueness results for measles disease model of fractional
order

In this section, we investigate existence results for model (2) using the fixed point theorem

due to Banach. In this regard, applying the Caputo—Fabrizio fractional integral operator

on both sides of (2), we obtain the following:

u(t) —u(0) = FIT[A(L - q) — yv — pau — pyu — Buw + %) — u],

v(t) = v(0) = FI7[A(g) + pau + pru— yv — pv — wv),

w(t) = w(0) = I [Bu(w + x) — uw — aw — pow — gow], 3)
x(t) = %(0) = “FI7 [aw — 8x — pux — pax — axl,

¥(8) = ¥(0) = FIT [uaw + wv + pax — 1y + dax + owl.
Further, we define the functions as follows:

ky(t,u) = A(L—q) = yv—pu — pau - pu(w +x) - $1u,

ka(t,v) = Alg) + piu + pru—yv— uv — ov,

ks(t,w) = Bu(w +x) — uw — aw — pow — ¢aw, (4)
ka(t,x) = aw — 8x — X — 43X — P3x,

ks(t,y) = aw + @V + f3x — LY + P3X + oW,

(1-0) (©)
"o 2 My

@ (o) (5)

We note here that the u, v, w, x, y are nonnegative bounded functions such that ||u(¢)|| < p1,

VO < o2, W@ < p3, IO < pa, (@) < p5, where p1, p2, p3, P4, p5 are some positive
constants. Now, we define the following variables:

m=p+ 1+ Bps + Boa+ @1, M=y +U+o,

(6)
N3 =Pp1+U+a+ s+, Na=p+¢s+pu+s, N5 = .
Applying the Caputo—Fabrizio fractional integral on (3), we get the following:
t
u(t) = u(0) + @ (o )k (t, u) + @(o)[ ki(&,u)dé,
0
t
v(t) = v(0) + @ (0)ky (L, v) + @(a)/ ko(&,v)dE,
0
t
w(t) = w(0) + @(o)ks(t, w) + @((7)/ k3 (&, w) dE, (7)
0

x(t) = x(0) + P (0)ka(t, %) + @(0)/ ky (&, %) dé,
0

20) = 3(0) + B0 )ks(1,3) + o) /0 ks(£,) .
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Theorem 3.1 Under the condition M = max{n1, N2, N3, N4, N5} < 1, the functions ki, ky, ks,
ka, ks satisfy Lipschitz conditions.

Proof We consider the function k; and let # and u; be the two functions
ka6 0) — ko (6 ) | = [ =gt — 02) — g (i — )
— Bw(u — uy) — Bx(u — uy) — 1 (u — uy) |
= | =un)| + =)
+ ][ Bwl = )| + [ Bt = )| + 2 (u - )|
< (4 pa+ Blwl + Bllxll + ) llu — |

< (e + 11+ Bllosll + Bllpall + 1)l — ua |

< mullu—w. ®)
Similar results for ks, k3, ks, ks can be obtained using {v,v1}, {w, w1}, {%, %1}, {y,91}:

”kZ(t’ V) - kZ(tr Vl) ” = 712||V - ”’
||k3(t’ W) - k3(t; Wl)” = 773||W - Wl”;
|kat, %) = ka(t, 20) | < mallx—211l,

”kS(try) _kS(t’yl)” < 775||J’_J’1|| O

Using (3), we introduce the following recursive formulas:

0,0 = 20Vt ,) + 00) [ K& ) d,
(0= @attv) + 00) [ Kot v
w0 = 2(stt 4, + 00) [ Kol W), ©)
5.0 = (@ )alt5,) + (o) Kol m) i,
In(®) = D@k (b3 1) + O () /0 ko6, ) .

The initial components of the above recursive formulas are determined by the given initial

conditions as follows:

uo(t) = u(0), vo(£) = v(0), wo(t) = w(0),
(10)

%0(t) =x(0),  yo(2) = ¥(0),

On(t) = tn () — tn-1(8) = P (0)k1 (¢, 1) + @(0)/ k(& up-1) d§,
0

Yn(t) = vu(t) = Vi1 (8) = @ (0)ka(t, V1) + @(o)/ ky(§,vn-1) dE,
0

Page 5 of 15
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Dul8) = W(t) — W 1(6) = D0Vt W 1) + O(0) / €, W 1) (1)
0
10() = 28) = 501 (8) = D (ke 501) + O(0) / €601 dE
0
£a(0) = yu(8) = ynr(2) = B(0Vhs 6y yut) + O(0) /0 ks(E2ynr) dE,

Lt,,(t) = Zen(t): Vn(t) = Z Wn(t)r Wn(t) = Z ﬁn(t)r
i=1 i=1 i=1

(12)
80=3 10, 0= 200
Next, we formulate the recursive inequalities for the differences
16,01 = [10s® - 0 0]
= H @ (o) (k(t, 1) — ki (t, thn2))
+6(0) fo (ka6 ) — Ko 10,2)) H
< @) (ki(t, tn-1) = ki (£, ) |
+6(0) /O 1 (ka6 ) = K6 ) ] (13)
Jon] < 0@ |60 + mO@) [ 16,10 .
In a similar manner, we get
[4a0] < @@l ¥a(0] + 1000) [ [ @)] e,
19,0 < ®(@)ns|| 91 (®)| + na@(a)/otﬂl‘/‘n-l(é)n dt, (14)
0] < @il os@] + 10600 [ s
I2:@®) | < ®(0)ns | cua )| + 775@(0')/0t||§n—1(€)H d§. (15)
For existence of a solution, we give the following result.
Theorem 3.2 If there exists a time to > 0 such that the following inequality holds:
Qo)+ O(o)nitg <1 fori=1,2,...5, (16)

then the considered fractional order measles spread model with vaccination has a

solution.

Proof Since functions u(z), v(£), w(t), x(¢), y(¢) are assumed to be bounded and each func-
tion satisfies a Lipschitz condition, the following relation can be obtained using equations
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(13), (14) recursively:

[ @] = [u@][¢@

(2020) 2020:171

o) +mO(o)t]",

[vn@] < [v©) |[@ ()02 + n20(0)t]",

[#:@] = [wO)] [

o)ns +n30(0)t]", (17)

[xa@® | < [%0)|[[@(0)na + naO(0)t]",

|&@] = [yol[e@

o)ns + 050 (o)t]".

Equation (16) shows the existence and smoothness of the functions defined in (12). To

complete the proof, we prove that the function u,,(t), v,,(£), w,(¢), x,.(¢), y,(£) converges to
a system of solutions of (3). We define B,(t), C,(t), D,(t), E,(t), and F,(¢) as the remainder

terms after # iterations, i.e.,

u(t) — u(0) = u,(t) — B,(2),

w(t) = w(0) = wy(t) — Du(2),
x(t) = %(0) = x,(£) — En(2),
y(t) = y(0) = y(t) — Fy(2).

(18)

Then, using the Lipschitz condition for the k;, we have

|B.(8)] = H‘P(G)(kl(t,u)—kl(t,un_l)) +@(0)/0 (ki (€, ) = K1 (&, 1)) ” d§

< 0(0)| (ki(t,1) ki (6, 1050)) | + O(0) /0 (k€ 10) = k(8 100 |

< @(@)mllu—wprll + mO©@)u - u,llt,

applying the process recursively, we get

1

1B.@)|| < [®(0)n + mO©@)E]"™" pr. (19)

Then at #y we obtain

|B.0)| < [®(0)m + mO©@)]™ pr. (20)

Taking the limit on equation (20) as n — oo and then using condition (16), we obtain

IB,.(£)|| = 0. Using the same process as described above, we have the following relations:

c.o] <o

[@(
D] < [¢> (0)n3 + 130(0)t0]"" 03,

|E«@] = [2()
[

|E@] =

N2+ N20(0)ty

N4 + 14O (0)ty

D(0)ns + 150 (o)t

]n+lp2’

n+l (21)

] P4
]n+l

Ps5-

Page 7 of 15
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Similarly, taking the limit on (21) as » — oo and then using condition (16), we have
1C,(®)] = 0, IB.(®)| = 0, |E,(®)]l = O, ||F.(t)|| = 0. Therefore, the existence of the
system of solutions is proved. We now give conditions for the system of solutions to be

unique. ]

Theorem 3.3 System along with initial conditions has a unique system of solutions if the

following conditions hold:
1-®(0)n;—nO(0)t>0 fori=12,...,5. (22)

Proof Assume that {u;(£), v1(2), wi(2), x1(¢), y1(¢)} is another set of solutions of model (3) in
addition to the solution set {u(t), v(¢), w(£), x(t), y(¢)} proved to exist in the above theorems.

u(t) = 11 (8) = D) (ki (6, 1) — ki (8,1 1)) + O(0) f (ko€ 1) = ko (&, 10 1)) %,
0
) = )] = H ®(0) (ki (t, ) - ke (2, 14,1))

+0(0) t(kl(é,u) - ki(§, 1))
0

’
< ®(0) | (ko (£ ) = ky (&, ) |
+0(0) / (k&) — ko8 1)) |
0

< @(o)mllu = up-a1ll + mO©)lu — - |2. (23)
Rearranging equations (23), we get

|u(@) - w1 ()| (1 - @(6)m - mO(0)t) <0, (24)

|u(e) = (8)] =0, (25)

and therefore u(t) = u;(¢). Repeating the similar procedure to each of the following pairs
(v(8), v1(2)), (w(t), w1(t)), (x(£),x1(2)), and (¥(¢),y1(¢)) with inequality (22) for i = 2,3,4,5,

respectively, we obtain
v(e) =vi(e),  w()=wi(®),  x()=x:(),  y()=y1(0). (26)

Thus, the uniqueness of the system of solutions of the fractional order system is proved.
In summary, the existence of the solutions of the model described in system (3) can be
obtained by requiring that M = max{n1, 12, 3,14, 5} < 1, where 11, 12, 3, na, 75 are the
Lipschitz constants of the functions ki, ks, k3, k4, k5, respectively. Moreover, the unique-
ness of the solutions of the considered system can be established using the inequalities in

equations (22). d
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4 Analytical solution of measles spread model (2) by Laplace Adomian
decomposition method
In this section, we compute a series solution for the suggested problem. To achieve this

goal, taking Laplace transform of (11), we have

LIu(t)] = 4O 4 909 LIAQ — q) — yv — it — oy — Bulw + x) — prul,

LIv(6)] = 12 4 329U L] A(g) + s + pru— yv — pv - wvl,

LIw(e)] = “2 + ”““‘”ﬂﬂu(wm) W = aw = pw = o, (27)
£

= 3@ + ”"(S;S)£[u2w+a)v+,ugx—pcy+¢3x+¢>2w].

(@) = 22+ =20 Llaw - 5x — jux — psx — axl,
]

Now, assume the solution in the series form as follows:

wt) =Y wp®), V=Y v,  wt)=) w(t)
p=0 p=0 p=0

Xe)=Y %) yO =)y
p=0

p=0

Furthermore, decompose the nonlinear terms u(£)w(t), u(£)x(t), etc. in terms of Adomian

polynomials as follows:

[e¢]

u(B)w(t) = ZAP(”’ w), u(t)x(t) ZB (u,x), (29)

p=0

where the Adomian polynomial A, (i, w) can be defined as

Ap(u,w) = o W [Zx ui(t) Zx w,(t):|

=0

In a similar way, the other polynomials B, can be defined.

Hence, in view of (28) and (29), system (27) becomes

LI ()] = 2+ 2009 LIAL —q) —y 000 vp — (1 + 1+ b1) Yoo tp
B0 Al w) — B Y% By, ),
L2 vp(0)] = X2 4 U LIA(G) + (11 + 1) Yoo thp — (v + 11+ @) Y520 V),
LI Zowp(t)] = @ + ES ”‘71 =5) LIBY oo Aplu,w) + B3 %0 By(u, %)
—(u+a+uz+¢z)2p=0wp,
LI 2 xp(0)] = 2 4 U Ll 370w, — (84 s + 11+ $3) Yy X,
L5 Yp(8)] y% 2009 Ll Y2 vp
+ (12 + §2) 320 Wp + (B3 + 13) D220 %p = 1 D)0 V-

(30)

Page 9 of 15
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Now equating terms on both sides of (30), we have

L[uo(t)] = L[vo(t)] =2, L[wo(t)] = =2,
L[xo(2)] = Ly ()] = %2
Ly (8)] = SWSH) LIA(L = q) = yvo — (1 + py + P1)uo — BAo(u, w) — BBo(u, x)],

LI ()] = 228 L] A(g) + (11 + p1)uo — (v + i+ w)vo),
Lw(8)] = 228 L[BA(u, W) + BBo(u, ) — (1 + & + iy + pa) o),
xl(t)] =z 1_S)<=C[O”/Vo — (8 + p3 + p + ¢P3)x0],
Ly (1) = moC[CUVo + (12 + @2)wo + (U3 + ¢3)x0 — 14Y0),
[uz(t)] = 2009 PIA(L - q) - yvi — (0 + 1 + d1)us — BAL(, W) — BBy (1, %)),
Lvy(8)] = ”"ﬁ—“)o@[/\(q) +(p1+@)ur — (v + u + 0],
LIwy(8)] = 29 LIBA — 1, w) + BBy (4, %) — (1t + 0 + 1 + ) wi ],
xz(t)] = l_s)oc[awl -0+ p3+ p+ ¢3)xl,

[
[
[
[
[
L]

(31)

ch’z = 2909 Plowy + (g + $a)wr + (13 + ¢3)x — 1y,

x[u,,+1(t)] = 219U LIA(L - q) = yvp — (1 + 11 + d1)up — BAL (1, w) — BB, (u,%)],
L1 ()] = <29 LLAQ) + (1 + d1)uy — (v + 1+ @)y,

L[Wper (0] = 228 LIBA, (1, w) + BBy (1, %) — (1 + 0 + o + )W, ),

L1 (O] = 22 Law, = (5 + s + 1+ 1)),

LIy (O] = Z2 Llwv, + (1 + $2)wy + 0y + (R3¢3)%, — 1y,),  p = 0.

Evaluating the Laplace transform in (31), we get

uo(t) = uo, vo(t) = vo, wo(t) = wo, xo(t) = xo, Yo(£) = zo,

ur(t) = [A(L = q) = yvo — (1 + w1 + @1 + Bwo + Bxo)uol(1 + o (£ - 1)),

Vi) =1+o0(z-D[A(g) + (1 + d1)uo — (v + 1 + )],

wi(t) = [(Buo — (1 + & + o + ¢2))wo + Buoxol(1 + o (£ - 1)),

x1(8) = [awo — (8 + uz + p + P3)wo] (1 + o (t - 1)),

y1(8) = [ovo + (2 + Pa)wo + (13 + P3)x0 — pyol(1 + o (£ - 1)),

ur(t) = (1+0(t-1))A1 - q) - [y (Aq) + (1 + $2)uo — (¥ + 1 + w))vo)
+ (U + 1 = Bwo — Bxo + ¢1)(A(q) — ¥ vo — (1 — Bwo — Bxo + &) uo
= Buo(Buo — (1 + ot + o + 2))Wo + Pugxo + awy — (8 + (3 + 14 + P3)xo]
(1+0%(t-1)),

v(t) = (L +o(t-1)Alg) + [(u1 + $2)(A(L = q) = (0 + p1 + Bwo + Bxo + ¢1)uo
—(y + pn+ o)A@ + (1 + G2)uo = (v + i+ @)v)l(1 + 0> (¢ - 1)),

wa(£) = (1 +02(t = 1))[(Buo — (1 + o + g + $2)) (Buto — (14 + @ + o + 2))Wo + Butoxo)
Bwo +x0)(A(L —q) — yvo — (1 + p1 + ¢1 + Bwo + Pxo))ug
+ Buolawy — (8 + pz + i + ¢3)x0)],

x(t) = (1 + 02(¢ = 1) [((Buo — (1 + @ + pa + $3))wo + Bioxo)
+ (8 + p+ w3+ @3)(awo + (8 + 1 + 3 + @3))xo],

Y2(t) = 1+ 02(t = 1)[(12 + ¢2)(Buo — (i + & + 1 + da))Wo + Bioxo
+w(Ag + (1 + @)ug — (v + i + w)vg) + (U3 + d3)(awo — (8 + 14 + w3 + $3)x0)
= plwvo + (2 + da)wo + (13 + P3vo — 1130))]
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and so on. Therefore, we get the required solution as given by

u(t) = uo + ur () + uz(t) + uz(t) +- -+,
v(t) = vo +vi(t) +va(t) + va(t) +-- -,
w(t) = wo + wi(t) + wa(t) + ws(t) + -+,
x(t) = %o +x1(2) + %2(8) + x3(8) + -+,

(&) =yo +y1(£) + y2(£) + y3(t) + - --

5 Results and discussion

This part of the manuscript is devoted to providing numerical results and some discus-
sions about approximate solution of the considered problem. For this purpose, we use the
aforesaid technique for numerical simulation to compute the model with three param-
eters of vaccination. Here, we take some suitable values for the parameters as uy = 120,
Vo = 60, wo =70, xo = 50, yo = 10, A =0.00001, B = 0.000009, y = 0.00009; = 0.000125;
= 0.000875, n; = 0.0002, py = 0.01, pus = 0.0014286, w = 0.00009, g = 0.500000, n =
0.030000, ¢; = 0.007, ¢, = 0.00009, and ¢35 = 0.0003. In view of these values, we get the
series solutions after three terms as follows:

u(t) =120 — 0.3480(1 + o (t — 1)) + 6.1656(1 + o 2(t — 1)),

v(t) = 60 + 0.0447(1 + o (z — 1)) + —3.6035(1 + o2(t — 1)),

w(t) =70 - 0.6467(1 + o (£ — 1)) + 0.0053(1 + o 2(¢ — 1)), (32)
x(£) = 50 — 1.6214(1 + o/ (£ — 1)) + 0.0528(1 + 0 (¢ — 1))

y(t) =10 + 0.7894(1 + o (¢ — 1)) — 0.0100(1 + o2(t-1)).

Next, we plot the solutions after three terms as given in (32) in the following Figs. 1, 2, 3,
4, 5 corresponding to different fractional order.
From Figs. 1, 2, 3, 4, 5, we plot the different classes of the model for different fractional

values of 0. We plot the series solutions given in (32) corresponding to different fractional

120,

118

116

114

Susceptible class

112

110 = 0=0.9 N
o=1.0
1 1 1 1 1

0 5 10 15 20 25 30
time t (Days)

Figure 1 Plot of the susceptible class for different fractional values of o
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Figure 2 Plot of the vaccinated class of different fractional values for o
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Figure 3 Plot of the exposed class of different fractional values for o

order in Figs. 1, 2, 3, 4, 5 using Matlab. Figures 1, 2, 3, 4, 5 show the plots for the changes of
susceptible, vaccinated, exposed, infected, and recovered for different fractional order o.
As can be seen, when increasing the value of o, the solutions tend to the integer order so-
lution. Further on the passage of time with proper vaccination, the density of susceptible
class decreases with respect to time in days. The decay process varies at different frac-
tional orders, while the vaccinated population increases at a given time in days. Figures 3,
4, 5 show that the exposed and infected population decreases with time as well as the re-
covered population is increasing with passage of time. This growth is different at different
fractional order. It can be observed that at different values of o, the different trajectories
are shown in Figs. 1, 2, 3, 4, 5. At small fractional order, the growth or decay process is
slightly faster compared to greater fractional order. From this observation, we conclude

that for short memory, fractional order model is better than integer order.
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Figure 5 Plot of the recovered class of different fractional values for o

6 Conclusion

We have developed LADM for mathematical modeling of measles spread with optimal
control strategy involving CFFD. Also, some results about existence and uniqueness of
solution have been developed. To the best of our knowledge, the aforesaid techniques
are very rarely used to handle the analytical solutions of FODEs involving non-singular
derivative of Caputo—Fabrizio type. Furthermore, the numerical results have been dis-
played via graphs, which indicate that the established technique can be used to handle
semi-analytical solution of those FODEs involving CFED. In the future, the mentioned

method can be utilized to investigate more nonlinear problems of FODEs involving CFFD.
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