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ABSTRACT

The aim of this paper is to presented a problem formulation which is Integro-Differential
perturbed of main matrix of nonlinear systems involving nonlinear functional one of them is
an integro nonlinear function. The issue is to study the stability and stabilization of behavior
solution, whetre in stabilization the system forced by feedback control function to grantee
the exponentialy stable. Moreover the probability density function appered as a function in
mailed solution of proposal problem formulation, some interesting examples explained the
stability result which included the sufficient conditions of exponentialy stable and
stabilization

Keywords:

1. Introduction

The field of control and systems is currently one of the most important topics that play a
good role in simplifying some systems. The control is involved in non-linear systems and the
interpretation of complex phenomena, which is great benefit in modernizing human

civilization day after day [1].

Then, Li and et al. are studying of the global stability problem for feedback control
systems of impulsive fractional differential equations on networks [2]. Another direction
studied by Qasim and et for some classes with composition FOCPs as in [3]. The Stability
and destabilization of fractional oscillators via a delayed feedback control have been
considered by Cermak et al. in [4]. The Mittag-Leffler stabilization of fractional-order
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nonlinear systems with unknown control coefficients is verified and examined by Wang in
[5]. Hasan S. Q. studied stability and uniform stability of single and multi-control integro-

differential inequality in [6], [7].

The main objective of this work is to study integro-differential nonlinear systems with an
ordinary derivative which described as a control system. The systems that are unstable were
examined, then a feedback process from the control function is presented for stability . We
are investigated and demonstrated the local stability with complete accuracy for nonlinear

systems.

The outline of the paper is organized as follows: Section 2, present some basic
preliminaries concept and some auxiliary definitions of problem formulation was presented
as new time, and provided the results that have discovered which focused on the Stability
problem of integro-differential nonlinear feedback control system. The control function is
used to be bounded that make the system is controller for activity of uncertainty function that

observed in component of system.

2. Problem Formulation :

Consider the following integro-differential nonlinear equation

#(t) = (A+ AA)x (D) + f,(t, x(®) J, fo(T.x(D)dr (1)
x(0) = x,

Lemma (2.1): The integro-differential nonlinear problem (1) is equivalent to the

double integral equation

x(t) = %o + (A + AA) [[x(@Ddt + [ fi(T,x@) [ fo(s,x(s))dsdr  (2)
Proof:

Let us assume that x € C satisfies the integro-differential nonlinear problem (1).

So to prove equation (2) as follows:

Appling the integral operator I, to both sides of (1), we have
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olex(0) = (A + DA oIox (1) + ol fi (1. x(D) [ f(s,x(s))ds 3)

we have that,

x(t) = xg = (A + AA) [ x(@)dt + [ fi(7,x(D) [} fo(s,x(s))ds dr

x() = %0+ (A+44) [[x(@de + [ fi(2.2@) [ fo(s,x(s))dsdr  (4)

Appling the derivative operator,D, of (2) we have that

oDex(t) = oDexo + (A + AA) (Dol x (1) + oDrolefi (T, x(D)) [ fo(s,x(s))ds
(5)

We obtain,

2(t) = (A + AA)x(®) + f1(t, x(®) [, fo(7, x(D))de (6)

Remark(2.2): The Laplace transform of the one-sided stable probability density

p(n) = =2y (1) Iy e sin(nr), 7 € (0,0)

IS given by

foooe‘“p(n)dn =e~5,where s > 0. (7)
furthermore, forany 0 < § < 1, we have

Jy 7sp@dn =1

(8)

Theorem (2.3):

If (2) is satisfied, then
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x(t) = U(t)x, + fOtW(t - 1) (fi(7, x(D)) forfz(s,x(s))ds)dr fort € [0, b],

where

U = f,"EmMTnxdy vx € X (9)
and

W) = [ né@T(tn)xdn vx €X (10)
for £() = (—n"2p(n™")) (11)

is the probability density function defined on (0, ), that is, é(n) = 0 for
n € (0,00) andfooof(n)xdn =1

proof:

Let s > 0. Take Laplace transform of both sides of (2), we get,
LIx(D)}(S) = xL{1} + (A + AAL { fotx(r)dr} +

£{f, Az x@) [ fo(s,x(s))ds dr}

Hence

X(s) =1x0 + (A + AMX(s) + L{[] fi(r.2(D) [} fo(s.x(5))ds dr}

X(s) = %xo + (A + AA)X(s) + L{fotfl(r,x(r)) fOsz(s,x(s))ds dr} (12)
Therefore,

X(s) =

(sI = (A+A4)) 'xo +
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(sl —(A+ AA))_lL {fotfl (7,x(1)) fOT fo(s,x(s))ds dr}
X(s) = LT O + LW} L{[; fi(r.2(D) [} fo(s.x())ds dr}

X(s) =

fooo e SET(t)xodt + fooo e SET(t)dtL {fotfl (7, x(1)) fOT fo(s,x(s))ds dr}

(13)
X(s) = [ e St T(O)xodt +
12 et T ([ e fi(r, x@) ([T fo(s, x(s))ds)dr)dt
X(s) = f) =T (Do = e~*dt +
127 et T (e (7, x (@) (f] fols x(s))ds)ddt (14)

By (7), equation (14) becomes:

X(s) = J; =< T(0)x (J; Se~*p(o)da) dt +

150y (1) e p(o)da ) T(t)e =, (v, (D) (f; fo(s x(s))ds)drdt  (15)
X(s) = [, J; o T(Oxe™ p(o)dodt +

11 gy et p(o) T(0)e > £ (1, x(®) ([ fo(s x(s))ds)dodrdt  (16)
By to =0 = dt =—df, we get that

X&) =[2 0T (g) e~0x,p(0)dadd +

Il s i e p(o) T (g) fi(r.x(@)(J; fo(s. x(s))ds)dodrdd  (17)
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Now take 0 + t=t, we have that,

{9—>0:> tot {O<T<OO=>O<r<t

o2t ' T<t<

and

{O<T<°° > 0<t<o

T<t< o

Then, (17), becomes:

X(s) = J; e (J;°T(2) p(0)xodo) do +

[Zee™ (o g2 T (55) i(r.2(@)(f; o5 x(5))ds)drdo)dt
X(s) = [2, et [T (2) p@xoda + ([, iy 2p(0)

T (t?TT) fi(r,x@)(J, OT fo(s,x(s))ds)drdo}dt (18)
By using inverse Laplace transform on (18), we obtain

x(t) = fooo T (g) p(o)x,do

+ faoozo f;o ip(aﬁ" (t?TT) fi (T, x(r))(fOT fo (s, x(s))ds)drda (19)
Now if we take,

% =n = o=n"tand do = —n~%dn.
Equation (19) becomes

x(t) = [ T(tn) (=072 p(™1))xodn

+ [ [T (¢ — D) (07 2p( D) fi (1. x(@) ([, fo(s,x(s))ds)drdn
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x(t) = [ T(tn) E() xg
+ [ [, T (e —0n) EMA (T x@), (] fo(s,x(s))ds)drdn
where, () = (=n"2p(n™")), 1 € (0, ).

therefore, x(t) = U(t)x, + fot Wt — 1) (fi(z, x(0)) fOT fa(s,x(s))ds)dz
fort € [0, b],

Definition (2.4):

A function x € C([0, b],X) is said to be a mild solution to the initial value

problem (1) if x satisfies

x(t) = U(t)x, + fot Wt — 1) (fi(z, x(0)) forfz(s,x(s))ds)dr for t € [0, b],

Were the operators {U(t)}e[op; and {W (t)}¢eo,p) are defined in (9) and (10)

respectively.

Lemma (2.5)

U(t) and W (¢t) are linear bounded operator, for any fixed t € [0, b],

Proof:

For any fixed t € [0,b], since T(t) and U(t) and W (t) are linear operators.

alsoforany 0 < § < 1 we have that

S, n%mdn = [ —nbn2pm™ dn = [ —n°"2p(m™) dn (20)
Now from variable below, we have that

co=n"1>=>n=0"1>dn=-0"?do.
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So, equation (20) implies that

[T n%¢mydn = [;"67%p(o)do = f,°=p(0) do . (21)
But0 < 6 < 1, from (10), we have that

[ n%mdn = =1 22)
In particular, for § = 1, we get that

. n%¢mdn = 1

For any x € X, we have that

10|l = |If,” €@ T(Eemxdn|| < supepo. |TO||lIxIl f,” {C)dn

10 (x|

= M||x||, hence

<M,

Implies that,[| T ()|, ,, < M (23)

also,

W ©x|| = ||f," néMTEmxdn || < supreoe ITO|lIxI £, 1 @)dn

=M 1

W _

llxll =

= M||x||, implies that

hence |W ()x||, ., < M (24)

From (23) and (24), we obtain {U(t)} and {W (t)are linear bounded.

Theorem (2.6):
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Consider the following integro-differential perturbed nonlinear equation (1)

satisfied the following conditions:

(1) fi(t,x()) and f,(t,x(t)) are of Caratheodory; that is, for any x €
X, f1(t,x(8)) and f,(t,x(t)) are strongly measurable with respect to
t € [0,b] also f1(¢t,x(t)) and f5(t, x(t)) are continuous with respect to
X € X.

@A (6x®) [, £(s.x())ds = fi(t,y®) [ fo(s,¥())ds| <
Lllx — y|lVx,y € X,vt € [0,b]and L = L,;b + L,bM,.
Q) ||f(t x®)|| < My and || (2, x(©)|| < My, where My, M, > 0.
Then (1), has a unique mild solution provided that the constant = MLb

Suchthat 0 < Q < 1. (25)

Proof:

Let Kx(t) = U(t)x, + fOtW(t — T)(fl(r,x(r)) forfz(s,x(s))ds)dr

for t € [0, b], we have that

IKx(®) ~ Kyl = || [ Wt~ (i (0.x@) [ f(5,%())ds)dr —

Jy Wt =D (i(1.y®) f; fos.y(©)ds)dz | <

I @]l 1. x @) f5 fo(s,x())ds =

(A(y®) [, fo(s.¥(s))ds)||dr <

Sl @[l o 12 (2. (@) Jy £o(5, %)) ds = fi(w.x(D) [y fols,())ds +
fi(mx@) f; (5, ¥())ds = fi(1.y(@) [ fos, y())ds]|dr

< W@, .. (MiLyb + LbMy)IIx(2) — y(D)lldz

B(X)
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which implies from Lemma (2.5) that

IKx(t) = Ky(O)]l < ML Supeqopllx(@) — y@Il [ de

= ML Sup;¢[o,p] lx(7) — y(@ll[t]5=0

= ML|lx — yllt < MLbllx — yll Qlx — Il

implies that Supyepo pllKx(t) — Ky(OIl < Qllx — yl| (26)

2.1 Stability of the integro-differential perturbed nonlinear system

Definition(2.1.7): If the System (1) hold the following condition,

lx(®)|] < Ke™®||xol| Vt € [0, b]. for every initial state x, € X, with

K > 0and w > 0, is called exponentially stable.

Lemma(2.1.8).[2]: If the inequality satisfied fort > ty, 0 < u(t) < k +

f:o(l + Bu(t)) dt, for u(t) a continuous function, where k,l and S are
constants such that k,I > 0and 8 > 0. Thenu(t) < %(eﬁ(t‘to)) +
kePt=t) vt > ¢,

Remark (2.1.9):

Consider the following perturbed linear system

%(t) = (A + AA)x () (27)
x(0) = x, (28)
Has a solution given by:

U@)x = [ Em T(tmxdn Vx€X (29)

Now, let
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|ITn)|| < Me™#t v t€[0,b], V1 € (0,0) (30)
where M, ji >0.

From (29) and (30), we have that
10O ,,, < J; €€ Tmdn < [ &) MeFray

< Me ™ [ £()dn = Me™H
1

So, lU®)xllpey < Me ™ v te[0,b] (31)

Theorem (2.1.10):

If (30) and condition (2) of theorem(2.5) are satisfied, and the constants M, i
and L satisfy the following

fi—LM >0, (32)

then the solution of the integro-differential perturbed nonlinear system (1) is

exponentially stable.
Proof:

We have that x € C(]0, b],X) satisfies (1), then x can be written as follow:

x(t) = U(t)x, + fOtW(t - ) (fi(z, x(D)) forfz(s,x(s))ds)dr for t € [0, b].

From (30) and (31), we have:

W ®x|l .,y <y 78T (En)dn

< [, némMeFtdn = Me [ Zné(n)dn

1
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Substitute y = 0 in Lipschitz condition gives forany x € X andanyt €
[0, b], the following:

|£:(t x(®) J; f(s,2())as]|| = Lixll (34)
Then, by (31), (33) and (34), we obtain that,
XNl < e |lxoll + LIT [, |lx(0)]| e Dz
< Me Ft||x,l| + LI Sup [, e *E= ||x(o)||dx,
€[0,b]
Since
0<7t<t=> —t<-717<50 =205t—-7<t<bh
We have that,
Ix(®)l < Me P |lxoll + LI [ e P ||x(0) | dr. (35)
Now, let function i defined on [0, b] as follows:

(&) = e Flx(D)l (36)

We obtain from (35), that

P(t) < Mllxll + LIT [ (t) dr. (37)
By Lemma(2.1.8), we obtain from (37) that

PW(t) < MeWt x|l vt e [0,b]

Therefore, by (35) implies that||x(t)|| < M e -Bt||x,|| vt € [0,b]
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Therefore, according to (32), the solution is exponentially stable.

2.2 Stabilization of the integro-differential perturbed nonlinear system

Consider the integro-differential perturbed nonlinear control system

{x = (A+AD)x(®) + fi(t,x(©®) [, fo(z.x(@)de + Bu(t), t€ [0,b] 38)

x(0) = x,,

where U be a separable reflexive Banach space(control space). the mild solution

in definition(2.4) is well defined for every integrable control w(t), we obtain
x() = 0(O)x0 + [, Wt — D (fi(r. (@) [ fols, x(s))ds)dr +
[y W(t—1)Bu(r)dr for t€[0,b]. (39)

Letu = V x,whereV : X — U is abounded linear operator. Then, (39)

becomes:
x() = 0(O)x0 + [, W(t - D(fi(r. () [ fo(s, x(s))ds)d +
[;W(t-1)BV x(t)dr for t € [0,b]. (40)

Definition(2.2.11): The integro-differential perturbed nonlinear system (1) is

said to be stabilizable if V : X — U is a bounded linear operator satisfying
u(t) = V x(t) for any t € [0, b] such that integro-differential

perturbed nonlinear control system (38) is stable.

Lemma(2.2.12) [2]: If the inequality v(t) < + fotk(r)v(r)dr Vte
[0, b], is satisfied with § > 0and b > 0 and a nonnegatives continuous

functions v,k : [0,b] — [0, o) are bounded.
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Theorem (2.2.13):

The integro-differential perturbed nonlinear control system (37) satisfied the

following

fg—(L+1BVllgey)M >0

M, fi L are constants and the bounded linear operators B, V, for n €

(0, =), then the exponentially stabilizable hold for problem (38) .
Proof:

Consider the following operator, for x, € X

Y (O)xo = U()xo + [, W(t —)BV Y()xodr  for ¢t € [0,b].

We have that,

IY(®)llpaey < Me P+ ||BV |l gy M fote_ﬁ(t_r) IY ()lldz

and then, by proving of remark (2.9), we obtain

1Y (D)l gy < MeBVIsco™-R)t v ¢ € [0, b].

Then,

x() = 0(O)x0 + [, W(t — D (fi(r. () [ fo(s, x(s))ds)dr +

fot W(t—1)BV x(t)dt + Y(t)x, — Y (t)x, +
[y -0 (fi(nx@) [ fo(s,x(s))ds)dz —
+ [ Yt —D(fi(t.x@) [ fo(s,x(s))ds)dr

= fOt Y(t -0 (fi(z, x(®) fOTfZ (s,x(s))ds)dz + Y (£)x,

(41)

(42)

(43)
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+ [ W(t —1)BV [x(x) — Y ()xoldt

+ W - = Yt = D] (filr.x@®) [T fo(s,x(s))ds)dz +
= fy Y =D (A(5x@) [§ fols,x())ds)dr +¥ (O

+ [SW (¢ — DBV [x(1) - Y (D)x,]dr

+ W& -0 - Y = D) (A(5.x®) [} fo(s,x(s))ds)dr +

— I3[y Wt =+ m)BV Y()dr | (fi(z.x(D) [ fls,x(s))ds)dr

Take variable & = 7 + r, we get
x(®) = [ Y(t - D(fi(r. x(D) [ fo(s,x(5))ds)dT + Y (£)x,

+ [JW(t —1)BV [x(x) — Y()xoldt

+ U @ =DEMT(E—omdn |(A(n.x@) [ f(s,2(s))ds)dr

~ [ [1F @ —owe—0)BV (6 - tmde| (fi(r.x(D) f; f(5,2(s))ds)dz
< [, Yt = D (fi(r.x(@) [; f2(s,%())ds)dz + Y (£)x

+ [JW(t —)BV [x(¢) — Y()xoldt

— S [I5 = oWt —8) BV Y(8 — 1nd6] (£ (r.x(®) J; fo(s,x(s))ds)dr

But we know that

T<O<t T<O<t
{OSTSt :OSTSHand{OSTSt > 0<0<t.

So,
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x(t) < fot Y(t —)(fi(r, x(1) fOTfZ (s,x(s))ds)dz + Y (£)x,
+ [fW(t — BV [x(¢) — Y()xoldt

—[sw—0)BV|[] Y0 —0) (A(1.x(D) [} fos x(s))ds)dr| d

Implies that,
x(t) < fot Y(t— T)(fl(‘[, x(r)) fOTfZ (S,X(S))dS)dT + Y (t)x,

+ i W(t— 0BV [x(e) —Y(0)x, —
Y - (f(nx®) ] fo(s,x())ds)dz]| b

Let us define the function ¢ on [0, b] as follow:

$(6) = x(t) — Y(Ox, — [, Yt = D(fi(1. D) [ fo(5,x(s))ds)dr.

Then, (43) is equivalent to,

¢(t) < [, W(t — ©)BV ¢(9)db

By (24) implies that

lp@Il < fOtM”BV”ﬁ(X) lp(6)1ld6.

By Lemma (2.2.12), we obtain that

¢(t) =0 Vte]O0,b]thatis,

x(8) = Y(O)x, + [ Y(¢ = D (fi(z.x@) [} fo(s,x(s))ds)dx.
From (34) and (43), we have that

IOl < FeUBVIpeo? ) ||y || +LIT [ e 1BV Is00T -1t ||x (7)||d.

(44)

(45)

(46)

(47)
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Y(t) = eFIV et |x (D). (48)
From (47), we obtain:
~ ~ -t
() < Mllxoll + LM [ p(z)dr. (49)

since, the function t +— (t) is continuous on [0, b]. From Lemma (2.1.8) and
(48 ) that is

PY(t) < Mllxollet™t vt e[0,b]

by (48) implies that,

Ix (@)1 < MeEHIBVIz =R |Ixo || v ¢ € [0,b];

Hence,

Ix (@)1l < el 1B Nseol ¥ =B)t| 1 )| v t € [0, b]; (50)
By (41) we have that problem (38) is exponentially stabilizable.

Example (2.2):

We consider the following integro-differential perturbed nonlinear system:

{x(t) = (A+2D)x(®) + f1(t, x(®) [, fo(r,x(D))dr x € 1°(N) 1)
x(0) = xq

where X = [®(N) is an infinite matrix defined from [ (N) to itself by

(Ax); = X521 a;jx; such that for any x € [*°(N),we have that

2‘]?°=1|aijxj| <o VieN (52)

and Sup{Zj-‘;1|aij| } < oo, (53)
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also (AAX)l = Z(]).;l €ijX;j 0 < €ij <1,VieN (54)

f1, f> are nonlinear functions defined on [0,1] x [ (N) by

Fi(6x(0) [ fur x(@)dr = olale) fecoslinte) g

3et 3e?

From (52),(53) and (54) , A + AA is a bounded linear operator on [ (N) and its

norm is given by:
14+ A4 |l = sup{Zii]ay] + Z2aley]

Let us defined T by:

T(t) = et™@*24) cost(A + AA) = et4 (

pit(A++44) |, —it(A++AA))

2

(e(t+it)(A+AA) +e(t—it)(A+AA))
2

1 o (1+D)Tt(A+A4)" w (@A=D"t(A+AA™\ _
2 (Zn=0 o + Y=o o ) =

n

1o [A+DM+@-D™[t(A+AA)" 1o 22 nm

52n=0 "y = EZn=0 Tl cos T (t(A + AA))n

(55)

such that

1Tl <Ze™ V20, (57)

Then, A is clearly a generator of the semigroup {T (t)}:so.

Furthermore,0 <t <1 =1 <e! < eandwe have:

|26 x®) [; fo(r.x@)dr || < cos(lixlle) [ cosllxlle) dr

=% cos(||x|[«) sin(]|x]|c) — sin(0)]
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< >lcos(llxlles) = cos(0)Isin(llx]|o) — sin(0)]

By Mean Value Theorem, there exists m € (0, ||x||) such that:
|sin(|lx|le) — sin(0)| < [cos(m)|l|x|lo

|cos(|[x]l) — cos(0)] < [sin(m)][lx]l -
nence, || 2.(t, x(®)) f; £z, x(2))dz ||oo < 21l (58)
for all x,y € [(N), we have that

(6 x@) f; £(nx@)dr - A(6y©) [ f(ny@)dr ||
1fi(T. x(D) f fo(s,x(s))ds —

fi(t,x(@) 7 f(s,¥(s))ds +

fi(Tx@) f; fo(s,¥())ds — fi(1.y@) 5 fo(s, y())ds]| <
~(Icos(IIylleo)lsin(llxlleo) = sin([[ylleo)] +

IA

|cos(llxlleo) — cos(llylleo) Isin(llylle))

< %(Isin(llxlloo) = sin(|[ylle)| + lcos(|[x]lo) — cos(l[y 1))
By Mean Value Theorem, there exists r € (]|x]||, ||V]l«) such that

|cos(llxlle0) = cos(llylleo)| < [sin(m)[[l|xleo = llylco

Isin(llx]l) = sin(llylle)] < [cos(m)I[llxllo = ll¥lloo]
Hence,

1

£t %) = F(EW o < Zllx = Yoo With L == (59)

2

We have the following:
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0<t<1=2>-1<-t<0 = el<elt<1.

So, from (57), we get, [[T(D)ll <= =M (60)

and O =——~ 0875 < 1.
2X4

then by Theorem (2.3.5) that the problem (51) has a unique mild solution on
[0,1]. Furthermore, from (55) we get M’ = Z and i = 1. hence,

1-— ﬁ ~ 0.125 > 0. Hence, according to Theorem (2.1.7), the solution of

problem (51) is exponentially stable.

Conclusion:

1. We concluded that the sufficient condition of linearization very interesting to
satisfied on nonlinear integral function.

2. We concluded that some probability density function presented through processing
of proving with stabilize control function supported the presented problems to be
stabilization.

3. We concluded that to achieve a stability need a conditions depended on type of the
system.

4. We concluded that all the examples are Clearfield the all classes are effective and
can be used as a simulation mathematical of applied problems.

References:

[1] Al-Saphory, R., Khalid, Z. and El-Jai A. 2020. Reginal boundary gradient closed loop
control system and I'* AGFO-observer. Journal of Physics: Conference Series, 1664
(012061): 1-19.

[2] A.M. Mathai and H.J. Haubold, An Introduction to Fractional Calculus, Mathematics
Research Developments, Nova Science Publishers (2017).

[3] Li, H. L. Jiang, Y. L., Wang, Z. L., & Hu, C. (2015). Global stability problem for
feedback control systems of impulsive fractional differential equations on
networks. Neurocomputing, 161, 155-161..

[4] Qasim Hasan, S., & Abbas Holel, M. (2018) Solution of Some Types for Composition
Fractional Order Differential Equations Corresponding to Optimal Control
Problems. Journal of Control Science and Engineering, volume 2018, Article ID
3767263, pagel-12.



27 Stability and Stabilization of Integro-Differential Perturbed Nonlinear System

[5] Cermak, J., and Kisela, T. (2023). Stabilization and destabilization of fractional
oscillators via a delayed feedback control. Communications in Nonlinear Science and
Numerical Simulation, 117 (106960).

[6] Wang, X. (2018). Mittag-Leffler stabilization of fractional-order nonlinear systems with
unknown control coefficients. Advances in Difference Equations, 1-14.

[7] Hasan S. Q. Stability for some types of multi control integro differential Inequalities
(2022), Journal of Interdisciplinary Mathematics 26(4):659-674.

[8] Hasan S. Q. (2022). Uniform stability of integro-differential inequalities with nonlinear
control inputs and delay. Int. J. Nonlinear Anal. Appl. 13 No. 1421 -430.

[9] Sattayatham Saelim R. and Sujitjorn S. (2003) Stability and stabilization of nonlinear
dynamical system. AJSTD Vol. 20 Issu


https://www.researchgate.net/journal/Journal-of-Interdisciplinary-Mathematics-2169-012X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

