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Abstract: In this present study, we have analyzed the solution of system of first
order simultaneous differential equations with initial condition as a neutrosophic
environment. Here, we consider the initial values as Trapezoidal Neutrosophic
Numbers (TrapNpymper)- The solution procedure of the system of first order ODE
is developed using TrapNpymper and (@,B,¥)cue of @ TNpymper. Furthermore, a
numerical example is illustrated to validate the efficiency and feasibility of the
proposed neutrosophic method, and the solutions are compared with the crisp values.
The numerical solutions x;(t, a), x,(t, @), x1(t, B), x5(t, B), x1 (t,¥), x5 (t,¥), y.(t, @),
v, (t, a), y1(t,B),y, (v, B), v (t,y) and y,' (t,y) for the different values of a, and y
at t = 0.5 are examined via tables and graphs. The numerical solutions delight the
conditions of strong solution.
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1. Introduction

The concept of Neutrosophic set (Nso;) was introduced by Smarandache [1]. N, is
a wide-ranging context of the Cgoy, Fser [2], [Fser [3-6], and the IVF,, [7-10],
respectively. N, is used to characterize the uncertainty and indeterminacy in any
multicriteria decision making problems. N is a proposition of three different
components namely, Tyqes lpae aNd Fyape, and the grade of these membership
values are defined within  ~]0,1[*. Researchers in different field of Engineers

have applied Ns, on various applications. The multifaceted factors of Ny, g,

SVNpumper» TTiNpymper,» and TrapNyymper have been applied in the differential
equations are analyzed in [11-15]. The system of first order simultaneous
differential equations (SFOSDE) with an initial condition plays an important role in
various field of science and engineering like fluid mechanics, thermodynamics,
heat and electromagnetism, rate of chemical reaction, bacteria/ plants and
organisms growth rates, and population/economic growth rates, etc. Almost all the
modern scientific analysis associates differential equations. There are many ways
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to solve SFOSD. Mondal et al [16] solving the system of differential equation and
its application with intuitionistic fuzzy environment. Sadeghi et al. [17] discussed
the necessary and sufficient condition for the existence of solution of fuzzy
differential equations. Keshavarz et al. [18] investigated the application of
differential equations in Newton’s law of cooling, distribution of a drug in the
human body and harmonic oscillator problem using fuzzy logic. Karpagappriya et
al. [19] examined the solution of fuzzy initial value problems using cubic spline
function. Several other researchers [21-23] have also discussed the significance of
Neutrosophic in Agricultural Water Management, Healthcare Waste to Achieve
Cost Effectiveness and Transportation Problem.

In the above literature studies, researchers explored several numerical/analytical
solutions of differential equations. In almost all cases authors find the solutions of
fuzzy differential equations using fuzzy environments. However, no attempt has
been made to find the solutions of System of Differential Equation with Initial
Condition as trapezoidal Neutrosophic number. The purpose of the present study
is to investigate the Neutrosophic solutions of first order system of differential
equations. The efficiency and feasibility of the present approach is illustrated by
numerical examples and the results are for better perceptive of our investigation.

2. Preliminary

Definition 2.1. N,,: [24] Let X be a universe set. A Ny, Ay on X is defined as Ay =
{(x, Ty, (), 157, (x), F 77, (x)): x € X}, where Tz (x):X »7]0,1[" is said to be the
Timembership, Which represents the degree of confidence, Iz (x): X -7]0,1[*is said to
be the Iynempersnip, Which represents the degree of uncertainty, and
Fz (x):X »7]0,1[* is said to be the Fiempersnip, Which represents the degree of

skepticism, respectively of the element x € X inAy, such that ~0<Tg (x)+
IA‘I‘V(X) + FA‘I‘V(X) < 3%,

Definition 2.2. SVN,,, [24] A N, Ay on X (Definition 2.1) is said to be SVN,;
(SAy) if x is a  single-valued independent  variable. SAy =
{(x, Tszay (%), Isz (x), Fsz; (x)): x € X}, where Tz (0, Iszy (x), Fsz; (x): X —>7]0,1[*
represents the concept of  Tyemberships Imembership» Fmempersnip, ~ functions,
respectively of the element x € X in SAy, such that ~0< Tz (x) + Isz; (x) +
Fm (x) < 3.

Definition 2.3.(a, B,¥)cue: [24] The (@, B,V)cur Nsor is Ay defined as Z;V(a,ﬁ,y) =

{(Tgv(x),lgv(x),FATV(x)):x EX,Ta(x) 2 a,Ig,(x) < B, Fay(x) < y}, where a,f,y €
[0,1], such thata+ B+ vy < 3.
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Definition 2.4. Npymper: [24] A Nso Ay over the real numbers set R is a
neutrosophic number if it satisfies the following conditions:
i. Ay isnormal: 3x, € R such that Tz, (x0) = 1. (IAN(xO) = Fz,(x) = 0)
ii. Ay is convex for the truth function T i ().
(ie) T gy (ux; + (1 — wx;) = min (T%(xl),Tgv(xz)), for all x;,x, € Rand u €
[0,1].
iii. Ay is concave set for the falsity, indeterministic functions namely, F (%)
and Iz, (x).
(ie) Iz (ux; + (1 — p)x;) = max (Iﬂ(xl),lgv(xz)) and Fa (ux, +
(1 — wx,) = max (FA,“V(XD; FATV(XZ))» forall x;,x, € Rand u € [0,1].

Definition 2.5. TrapN,umper: [25] A subset of Npymper , TTAPNpumper» Ay in

R with the following Trynctions Irunction, And Frynction is defined as

(1)

Ag—X
( 2 )vANfora3 <x<a,

1 otherwise

\
—
Ny

|
=

>W/;I~Vf0ra1SxSa2
fora, <x <a;

Fa, (%) =+
a4_x
( a)wﬁfora3SxSa4

\ 1 otherwise

where =0 < Tz (%) + Iz, (x) + F 4, (x) < 3%, x € Ay
Deﬁnition 2.6. (a: B; Y)cut Of a TrapNnumber: The (Of, 13' y)cut Of a TrapNnumber
Ay = ((ay, ay, a3, a,); Uz VA W;m) is defined as follows:

(ATV)a,B,y = [Tm (af), TZRE(“)» IZT\H('B)' IZTV;(ﬁ)ﬁ FZTVT (Y)' FZXE(Y)]! where

Tm(a) = [a; + a(a, - a1)]uﬁfv; TZ;,;(“) = [ay — ala, — a3)]u/T,‘V
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I77:(B) = [a, — B(a, — a)]vgy, Iz, (B) = [as + B(as — a3)]vg, (2)
Fie: ) = la; —y(a; —a)lwz, Fa; (V) = [az +y(as — a3)lwgy,

here0<a<1,0<pf<1,0<y<land 0<a+pf+y<3+

Definition 2.7. Stronggen.ion: Let the solution of the neutrosophic differential
equations be x(t)andy(t), and its (@, B V) be [x(ta pB,¥)]=
[x1(t, @), x5 (¢, @), x1(t, B), x2(¢, B), x1' (&, ¥), x5 (£, ¥)] and [y(t, B, =
1 (e, @), y2(t, @), y1 (¢, B), y2 (¢, B), y1' (&, ), y2 (£, V)],
The solution is a strong solution if,

dxq(t,a)

. —=>0,
da

dx,(t,a) dy: (t,a) dy,(t,.a)

< 0and

>0, < 0Va € [0,1],x,(t, 1) <
XZ(t, 1) and yl(t' 1) S YZ(t; 1)

i, PR < 0,220 5 0 gng A < 0,208 5 gyp € [0,1],%1(£,0) <

da
x5(t,0) and y;(¢t,0) < y,(t,0). 3)
i, LN o 22O o g g DAEN o D2 B o gy e [0,1], %7 (L, 0) <
da da da da

x5 (t,0) and y,'(t,0) < y;/'(t,0).
3. Solution of Neutrosophic boundary value problem

In this section, we discuss the solution of first-order ODE with a neutrosophic
initial value conditions.

3.1 Solution of System of First-Order ODE using TrapN,.,umper
Let us consider the system of first order differential equation

d

- = kuy (4)

and

d

with  boundary  condition x(t,)=d@ and y(t,) =b  where a=
((ay, az, as, as); Uz, Vay, Way) and b = (b1, b2, b3, by); Uz, Var, War,) are
TrapNnumber-

Case (i) when k;and k, are positive constant (ie)kq,k; > 0

The (a, B,y)-cut of Eq. (4)& (5) are

d

& [xl (t' a)' xZ (t' a); xi (t, ﬁ)l xé (t, ﬁ)t xil (t, V)' Xé’ (t, V)]

= ki[y1 (¢, @), y2 (8, @); y1 (¢, B,y (8, B); y1' (£, 7). y3 (¢, ¥)] (6)
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d
E [)ﬁ(t; (l), Y2 (t' a); y{(t' ﬁ)' YE(t; :8); y{’(t; Y); yé,(tJ Y)]

= kalx1 (¢, @), 22 (¢, a); x1(¢, B), x5 (¢, B); x1' (6,7), x5 (6, ¥)] (7)
with the initial condition
x(to; &, B,y) = lay + ala; — a)lugy, [as — alay — az)]ugy; [a; — Ba; —a)lvg, [as

+ fay — az)lvgy; laz —y(a; — a))lwgy, [as + y(a, — as)lwgy,) (8)
and
y(to; a,B,y) = ([by + a(b, — b1)]u,ci7v: [bs — a(by — bg)]ugjvi [b, — B(b, — b1)]17;17v, [bs
+ B (by — b3)]vzy; [by — y(by — b)lwgay, [bs + v (by — b3)lwgzy,) €))
From (6) we get
dx, (t, dx,(t,
D e T = ) |
dx; (¢, dx;(t,
DAL rryiomn 2P ey I} (10)
dx/(t,y) . dax @y .,
—a kiy1 (t']/)'—dt = k1y; (t:V)J
From (7) we get
dy,(t,a) dy,(t, a) \
% = kox, (¢, 0)1% = kyx,(t, @)
ACH) _ i, 2B sy (1)
dy;' (t,v) " dy, (t,v) .
le = kal (t' )/)JyZT = k2x2 (t, V)J

with initial conditions

x1(to, @) = [a; + ala; — ap)]ugy; x,(ty, @) = [as — alay — as)]ug,

x1(to, B) = la, — Bla, — al)]UA,“V} x3(to, B) = laz + B(as — as)]vixj\, (12)
x1 (to,¥) = la; —y(a; — al)]WA,“V} x3 (to,v) = laz +y(as — as)]W;ﬁV

and
y1(to, @) = [by + a(by — by)]ugy; y2(to, @) = [bs — a(bs — b3)]ug,
Y{(to;ﬁ) = [bz - ﬁ(bz - bl)]vﬁf\,;)’é(to'ﬁ) = [b3 + ,3(194 - b3)]VA7V (13)

yi' (to,v) = [by —y(by — b1)]W;T,’Vi by (to,¥) = [bs +y(bs — b3)]WA7V
From Egs. (10) and (11) we have
2
: J;lt(zt’a) = kik,x,(t, @) (14)

The solution of Eq.(14) is

x,(t, @) = Aevkikat 4 Be=ykikat (15)

substituting Eq.(15) in Eq.(11) , we get
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k
AeVkikzt _ pe=vkikat — ’k—lyl(t, a) (16)
2

Using initial condition, we get

and Aevkikzt — Be—Vkikat — \/% [b; + a(b, — b1)]uﬁ7\,
2

Therefore,
\

1 k e
A = E [a1 + a(az - al)]ufm + \[k_: [b1 + a(bz - bl)]u/m e klkzto
2
> (17)

1 k
B =51 lay + alaz — ap)lug — /k—1 [by + a(b, — by)lug, p eVakato
2
J
substituting Eq.(17) in Egs.(12) and (13), we get

1 k e
x1(t, @) = E{[Ch + ala; — ap)lugy, + k_l [by + a(b, — b1)]u,217\,} evkikz(t=to)
1/ 2

+%{[a1 +ala; —ap)lugy, — \[i—z [by + a(b, — bl)]ug\]}emuto) (18)

1 |k k
v, (t,a) = E\/:_:{[al +a(a, —a)]ug, + \/k:: [by + a(b, — bl)]uﬁj\,} eVkikz(t=to)
1 |k, ky —Jkikz(t—to)
A la, + ala; — a)lug, — k_z[bl + a(by — by)Jugy eV 2750 (19)
similarly,

1 k —
x(t ) = E{[a4 —alay — az)lugy + k_l [y — a(by — b3)]uA7v}e kaka(t=to)
1’ 2

+%{[a4 —alas —az)lugy — \/g [by — a(by — b3)]uA7v} e~Viaka(t=t0) (20)
2

y.(t ) = 1\/@{[“4 —a(a, — az)lugy, + \/E [by — a(b, — b3)]ug~}e Vkakz(t=to)
2 |k, N k, N
1 |k, k, e
- _\/:{[‘14 —alay — az)luay — \/: [by — a(by — b3)]ufi‘}e kakz(t=t0) (21)
2 |k, N k, N
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1 k
x1(t, B) = > laz — Blay — a)]va, + \/k:: [b, = B(by — by)]vg, ¢ evkaka(t=to)
1 k T
+ > la; — Bla; —a)]vg, — k_l [b; — B(by — b)]vzy, ce” kaka(t=10) (22)
' 1 |ka ky kiky(t—t
yi(t,B) = 2 |k, la; — B(a; — a)]vg, + k_z[bz —B(by — b)]vg, eV 2(t=to)
Lk, i Ry (t-to)
) k_1 laz — B(az — a1)]VA7V - k_z [b; — B(b; — b1)]17;17v e (23)

1 k
x3(t, B) = 5 las + B(as — az)]vg, + \/k:: [bs + B(bs — b3) vz ekikz (t-to)

1 k e
+ E [a3 + ﬁ(a4, - a3)]UA‘I‘V - k_l [b3 + ﬁ(b4 - b3)]vA‘I‘V e_ klkZ(t_tO) (24)
2

1 |k k
y3(tB) =5 k_z{[a3 +Blas = a)lvg, + /k—l [bs + B (bs - b3>]vA~N} elfak(tto
1 2

1 |k k
_Z _Z{[a3 + B(a, — a3)lvz, — \/k:: [bs + B(b, — b3)]17g7v} Q_M(t—to)(ZS)

k —
xi' (t,y) =59laz —v(az —a)lwgy + k_l [b; —v(by — b)]lwgzy, e kikz(t=to)
1’ 2

N| =

1 k
+ > laz —v(az — a)lwgy, — k—l [b; —y(by — b)) ]wg, re™ kaka(t=t0) (26)
,I 2

1 |k k
ey =5 /k—{[a —v(a — a)lwg + /k— [b, =y (b, - bl)]w,m} eVttt
1 |k, ky ~Jk1kz(t—to)
=3 1% la, —v(ay —a)]wg, — k—[bz —y(b; — b)) ]wgy, e Virk2lt=t)(27)
1 2

k
l[as +y(as — as)lwgy, + \/; [bs + v (bs — b3)]wgy, ¢ eVkikalt=to)
2

N =

X3 (ty) =

1 k
+ > las +y(as — a3z)lwg, — k—l [bs +y(by — b3)lwg, re™ Kaka(t=10) (28)
2
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1 |k k
vy (t,y) = 3 ’k_j{[aS +v(a, —ax)]wgy, + k_: [bs +y (b, — b3)]WA7V} eVkika(t=to)
1 |k, ky — JRakg (t—to)
2 |k las +v(as — ‘13)]WA7\, - k_[b3 +y(by — bs)]WA], e Vik2tmt0)(29)
1 2

Case (ii) when k;and k, are negative constants (ie)k;,k, < 0

The general solution of the system of solutions are as follows:

1 ’k —
x1(t, @) = > lay + ala; — a)]ug, — k_1 [by + a(b; — b)]ugy, re kaka (t=to)
2

1 k
+5 [a; + a(a, — apDug, + k—l [by + a(b, — by)lug, o e~Vkaka(t=50)(30)
2

1 |k k —
y2(t,a) = —_\/; lay + ala; —a)]ug, — —[by + a(b, - by)lug, e *akz(t=to)

2 k1 kZ
1 ke ky —Jl1k, (t—tg)
+ 2 |k la; + ala; —a)]ug, + % [b1 + a(by — by)]ug, p e V¥1¥2t750)(31)

1 ’k e
x(t @) = 5 lay — alay — a3z)]ug, — k_l [by — a(by — b3)]ugy, ce *aka(t=to)
2

1 k
+3 las — alas — az)]ug, + k—l [by — a(by — b3)]ug,, ¢ e Vkaka(t=to) (32)
w' 2

vt a) = _1 E{[az; —a(a, —az)]ug, — ﬁ[b4 —a(b, — b3)]uf}e Vkaka(t=to)
1 kz kl +/
+= —{[a4 —ala, — az)lug, + [ [by — a(by — b3)]uf}3_ klkZ(t_tO)(33)
2 ’kl N Ikz N

k
x1(t, B) = 51 laz — Bla; — a))lvgy, — \/k:: [b; — B(by — b)]vg, ekaka(t=to)

N =

1 k
+ > la; — B(az — a)]vg, + \/k:; [b; — B(b; — b)]vg, e Vkika(t=to)(34)
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1 ,k ’k
yé(t’ :8) = _E k_2 [a2 - ﬁ(az - al)]vﬁ}'\, - k_l [bz - ﬁ(bz — bl)]vfm eV Ekika(t=to)
1 2

+1\/k_72 la; — Bla; — a)]vg, +\/k_:[b2—ﬁ(bz—b1)]vf e~ Vkaka(t=to) (35)
2 |k, v N

1 k
x5(t,8) = 51 las +las = ag)lvzy jk: [bs + B(bs — by)lvg,  eVFaka=tw

+54Tas + Blas ~ alvg + ﬁ—:[bgw(m—bg)]v@ ekt (36)
2

yi(t,B) = —%\/%{[% + B(ay — a3)]vay, — \/E_l[lk + B(by — b3)]vﬁ,}evk1k2(t_t°)
1 |k, ky —Jkiko(t—t
+E\/k_t{[a3 + p(ay — az)lvay + \/k_:[b?’ + B(by — b3)]17ﬁ7\,}e h2(t=t) (37)
k —
l[a; —v(a; — a))lwgy, — \[k_: [b2 —y(bz — b1)lwgy re Faka(t=to)
2

1 k
+ 5 laz —v(az — a)]lwgy, + k_l [b; —y(b; — by)]wg, re™ kakz(t=10) (38)
1’ 2

1 |k k
v (ty) = ) k_z{[az —v(a; —a)lwg, — k_l [b, —y(b, — b1)]WA7V} eVkikz(t=to)
A 1 A 2
1 |k, ky —Jk1kz(t—to)
+E %, la, —v(ay —a)]wg, + k—z[bz —y(b; — b)) ]wgy, e Virk2(t=t)(39)

k
[as +y(as — as)lwg;, — \/; [bs + ¥ (bs — b3)]wgy, ¢ eVkikalt=to)
2

N| =

x1 (t,y) =

N =

X7 (ty) =

1 k
+ > las +y(as — az)lwg, + k—l [bs +y(by — b3)lwg, re™ Kaka(t=t0) (40)
2

1 |k k —
yi'ty) = -3 k—z{[a3 +v(as —azd)lwgy — \/; [bs +y(by — b3)]WA,‘V} eViaka(t=to)
1 2

1 |k ;k
+ ) k_z{[% +y(a, —az)lway, + k_l[b3 +y(by — b3)]WA,‘V} e Vkikz(t=to) (41)
1 2
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3.2 Numerical Example:
Consider a system of differential equation Z—: = 4y and 3—3; = 5x with initial

conditions x(t,) = d = ((3,4,5,6);0.7,0.6,0.4) and y(t,) = b =
((5,6,7,8);0.5,0.3,0.2).

Solution:
The solution is given by the equations

{[3 +a]0.7 + \E [5 + a]O.S} V20t 4 %{[3 +a]0.7 — jé [5 + a]O.S}emt
y.(t, ) = 1\/%{[3 + a]0.7 + \F [5+ a]O.S} eV20t —l{[3 + a]0.7 — \/% [5+ a]O.S}emt
2.5 5 2 5
4 1 4
{[6 — a]0.7 + \E [8 — a]O.S} eV20t 4 E{[6 — a]0.7 — fg [8 — a]O.S}emt
yo(t, ) = %\/é{m — a]0.7 + \[é [8 — a]O.S} V20t —%{[6 —a]0.7 — \[é [8 — a]O.S}emt
4 1 4
{[4 — B10.6 + \E [6 — 5]0.3} eV20t 4 E{[4 — B10.6 — \E [6 — 510.3} e~ V20t
yi(t,B) = 1\/%{[4 — B10.6 + \/E [6 — 3]0.3} V20t —1{[4 — B10.6 — ff [6 — 3]0.3} g~ V20t
2.5 5 2 5
4 1 4
{[5 + B10.6 + \E [7 + 3]0.3} eV20t 4 E{[S +B10.6 — \E [7 + B]O.?;}emt
yy(t, B) = %\/é{[s + B10.6 + \/é [7 + 3]0.3} eV20t —%{[5 +B10.6 — \/é [7 + 3]0.3} g~ V20t
4 o, 1 4 B
{[4 —v]0.4 + \E [6 — y]O.Z} eV20t 4 E{[4 —y]0.4 — \E [6 — y]0.3} g~ V20t
yi'(t,y) = %ﬁ{[x} —v]0.4 + jé [6 — y]O.B} eV20t _ %{[4 —y]0.4 — ﬁ [6 — y]O.B} e~ V20t

and

N =

x,(t,a) =

N =

x,(t,a) =

x1(t,B) =

N| =

xy(t,B) =

N| -

N =

x1 (ty) =
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xy (t,y) =

N =

{[5 +710.4 + \[é (7 + y]O.Z} V20t | %{[5 +v]0.4 — ﬁ [7 + y]O.B} e~ V20t

yy(ty) = %\E{[s +7]0.4 + \/é [7 - y]0.3} eV2or — %{[5 +7]0.4 — ﬁ [7 + y]0.3} e~V20t

Table 1. TrapN,mpersolution of x(t, a, B,y) att = 0.5

a | x@ta) | xpta) | B | x3@B) | @B | v | x{{y) | x%(Ly)
0.1 |52.45255|90.30831 | 0.1 |46.23416 | 58.51406 | 0.1 | 30.82277 | 39.00937
0.2 |53.80454 | 88.95632 | 0.2 |45.21083 | 59.53738 | 0.2 | 30.14056 | 39.69159
0.3 |55.15653 | 87.60432 | 0.3 |44.18751 | 60.56071 | 0.3 |29.45834 | 40.3738
0.4 |56.50853 | 86.25233 | 0.4 |43.16419 | 61.58403 | 0.4 |28.77612 | 41.05602
0.5 |57.86052 | 84.90034 | 0.5 |42.14086 | 62.60736 | 0.5 |28.09391 | 41.73824
0.6 |[59.21251 | 83.54835 | 0.6 |41.11754 | 63.63068 | 0.6 |27.41169 | 42.42045
0.7 | 60.5645 | 82.19369 | 0.7 |40.09421 | 64.654 0.7 |26.72947 | 43.10267
0.8 |61.91649 | 80.84437 | 0.8 |39.07089 | 65.67733 | 0.8 |26.04726 | 43.78489
0.9 |63.26848 | 79.49238 | 0.9 | 38.04756 | 66.70065 | 0.9 |25.36504 | 44.4671

1 64.62047 | 78.14039 1 37.02424 | 67.72398 1 24.68282 | 45.14932

Table 2. TrapN ,ymper Solution of y(t, a,B,y) att = 0.5

a | y1@ta) | y,ta) | B | &P |y &B) | v | ¥y | ¥y;&Y)
0.1 |46.91499 | 80.7742 | 0.1 |41.35309 | 52.33656 | 0.1 |33.13125 | 41.01924
0.2 | 48.12425|79.56495 | 0.2 | 40.4378 |53.25185 | 0.2 |32.42677 | 41.15803
0.3 49.3335 | 78.35569 | 0.3 | 39.52251 | 54.16714 | 0.3 31.7223 | 41.29683
0.4 |50.54276 | 77.14643 | 0.4 | 38.60722 | 55.08243 | 0.4 | 31.01783 | 41.43562
0.5 |51.75202 | 75.93717 | 0.5 |37.69193 | 55.99772 | 0.5 | 30.31335 | 41.57441
0.6 | 5296128 | 74.72792 | 0.6 | 36.77664 | 56.91301 | 0.6 |29.60888 | 41.71321
0.7 | 54.17054 | 73.51866 | 0.7 |35.86135| 57.8283 | 0.7 |28.90441 | 41.852
0.8 |55.37979 | 72.3094 | 0.8 |34.94606 | 58.74359 | 0.8 | 28.19994 | 41.99079
0.9 |56.58905 | 71.10014 | 0.9 | 34.03077 | 59.65888 | 0.9 |27.49546 | 42.12959

1 57.79831 | 69.89089 1 33.11548 | 60.57417 1 26.79099 | 42.26838

M. Shanmugapriya, R. Sundareswaran, S Said Broumi, Solution and Analysis of System of Differential Equation with
Initial Condition as TrapNymper




Neutrosophic Sets and Systems, Vol. 57, 2023 205

200
180
160
140
120
100

Fig. 2. y;(a,t) for increasing values of t

250

300

200
250
200
J
<10 150

X 100

50 100

Fig. 3. x, (a, t) for increasing values of t Fig. 4. y; (e, t) for increasing values of t

M. Shanmugapriya, R. Sundareswaran, S Said Broumi, Solution and Analysis of System of Differential Equation with
Initial Condition as TrapNymper



Neutrosophic Sets and Systems, Vol. 57, 2023 206

120 120
—a— x4t
T )
—— 5(0) —~-2i(t,0)
100 Bt 6) 100 | ——y1(t, f)
i (6, 8)
—= %1 (L) f
) ==y (ty)
& el Il
80 | 80 ==Y (t }")
I ‘
- | o
F -
g 60 S 60 !
] %
o
® ————
: « .’ w o " M
b 20
u L i L i i L i L i 0
0 01 02 03 04 05 06 07 08 00 1 0 01 02 03 04 05 06 07 08 09 1
(&, B.y) - cut (e, B, y) - cut

Fig. 5. Solution of x(¢t, a,B,v) att = 0.5 Fig. 6. Solution of y(t, ,B,v) att = 0.5

3.3 Results and Discussion

The system of first-order simultaneous differential equations (SFOSDE) with initial
conditions is a powerful tool used in various scientific and engineering disciplines
to model and analyze dynamic systems. These equations capture relationships
between different variables and how they change over time, providing insights
into the behavior of complex systems. SFOSDEs are used to describe the flow of
fluids in various scenarios, like incompressible or compressible flows, turbulence,
and boundary layer analysis. These equations can model the heat transfer, energy
exchange, and temperature changes in systems governed by the laws of
thermodynamics. SFOSDEs can be employed to model reaction rates,
concentrations, and reaction pathways. Differential equations help in
understanding growth rates, interactions between different species, population
dynamics, and the spread of diseases in biological and ecological systems.
Uncertainty is a common aspect in various scientific and engineering applications,
and it's important to consider it when modeling real-world systems. In
mathematical modeling, uncertainty can be dealt with in various ways, depending
on the specific context and the type of uncertainty being considered. Solving
SFOSDEs with neutrosophic inputs would involve extending traditional solution
methods to handle neutrosophic values. This might involve developing new
numerical techniques or analytical approaches that can accommodate the three
aspects of membership in neutrosophic sets.

The solutions of a system of differential equation Z—: = 4y and Z—Z = 5x with initial

conditions x(to) = d ={(3,4,5,6);0.7,0.6,0.4) and y(ty) = b =
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((5,6,7,8);0.5,0.3,0.2) for various t and 0 < a,B,y <1 are depicted in Tables 1
and 2 Figures 1-4. It is observed that, the increasing values of a,f,y increase
x1(a,t), y1(a,t) and decrease x,(a,t), y,(a,t) where as x;(a,t), y;(a,t)and
x{(a, t), yi'(a,t) are diminishing functions and x;(e,t), y;(a,t)and x5 (a,t),
v (a,t) are escalation functions. Therefore, the numerical example of system of
differential equation satisfies the conditions of the Strongs,u.ion 0f a neutrosophic
difference equation. Hence the obtained solution is a strong solution. In addition,

the graphs for different values for Tpempersnip (Tay (X)), Imempersnip Iz, (x)), and

Frembership (Fay(x)) functions with (a,B,¥) ¢y at time t = 0are displayed in

Figures 5 and 6. As the a.,; value enhances and By, Vcu: Values diminishes the
solutions of x(¢t, @, 8,y) and y(t, a, 8, y) which approaches to the exact solution.

Conclusion

A technique for approximating the solution of system of first order simultaneous
differential equations with initial condition as a neutrosophic environment is
presented in this proposed work. We used the initial conditions as trapezoidal
neutrosophic numbers. Furthermore, numerical examples are illustrated for better
understanding of solving SFOSD utilizing TrapNpymper via MATLAB software.
The simulation results are shown in Tables and Figures. From these it is noticed
that the new technique using neutrosophic are effective and more flexible to
estimate the solutions of SFOSD. This technique is used to develop the solution of
highly nonlinear coupled ordinary differential equations in the field of
Computational Fluid Mechanics.

Future Work:
In future, one can extend this technique to solve higher-order linear and nonlinear
neutrosophic initial value problems. Also, we will focus on higher-order nonlinear
coupled partial differential equations and their applications in neutrosophic
environments.

Table 3. Notations

Cset Classical set
Fyet Fuzzy Set
IFger Intuitionistic Fuzzy Set
IVFqe, Interval Valued Fuzzy Set
Niet Neutrosophic set
Niogic Neutrosophic logic
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SVNset Single Values Neutrosophic set
SV Nnamber Single Values Neutrosophic number
TTiNpymper Triangular Neutrosophic number
TrapNpumper Trapezoidal Neutrosophic number
Tvatuer Ivatue,and Fyaye membership, indeterminacy, and non-

membership values

Tmembership; Imembership' Fmembership truth, indeterminacy, al'ld falSlty

membership

Tfunction' Ifunction' and Ffunctuion truth, indeterminacy, and fa151ty function
(@B, 7)cur (a,B,y) — cut
(@, B, ) cue of a TrapNpymper (a,B,y) — cut of a Trapezoidal

Neutrosophic number
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