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Abstract

Neutrosophic set plays a vital role in dealing with indeterminacy in real-world problems. Differential equations
represent the relation between a function and its derivatives and its applications have importance in both
pedagogical and real life. In this paper, neutrosophic differential equation is proposed and solved using bipolar
trapezoidal neutrosophic number and applied the concept in predicting bacterial reproduction over separate bodies
with graphical representation using MATLAB. Also, comparative analysis is done with the existing method to prove
the effectiveness of the proposed method.

Keywords: Trapezoidal Neutrosophic Numbers; Neutrosophic Set; Neutrosophic Differential Equations; Bipolar
Trapezoidal Neutrosophic Number; Neutrosophic Numbers.

1. Introduction

To deal with an uncertain parameter there are a many methods are available like interval numbers, fuzzy number,
and intuitionistic fuzzy number Neutrosophic number. But Neutrosophic number is the method to deals with
indeterminacy where fuzzy number and intuitionistic fuzzy numbers fails to deal. Fuzzy numbers handle only the
membership function, whereas in intuitionistic fuzzy number can handle both membership function and non-
membership function but in Neutrosophic numbers only we deal both membership function and non-membership
function in addition to that indeterminacy also. Any real-life problems can be modeled by differential equation,
which is an equation involving the rate of change of a quantity. First time the term fuzzy differential equations
introduced by Zadeh [1]. A very basic formulation of a fuzzy first-order initial value problems at first they found the
crisp solution, then fuzzified it to check to see if it satisfies the fuzzy system of differential equations were presented
by bukley [5]. Under generalized differentiability introduced by D.S-Le,H.Vu, and P.D-Nguyen also they
introduced a new approach for approximating the fuzzy linear system of differential equations. Atanassov K [2]
introduced the concept of an intuitionistic fuzzy differential equation. Ettoussi, R., et al [7] discussed the existence
and uniqueness for the solution of a intuitionistic fuzzy differential equation and they proven and defined the
averaging of intuitionistic fuzzy differential equation. The Romanian mathematician Florentine Smarandache [3-4]
introduced the Neutrosophic ordinary differential equation of first order through neutrosophic numbers. A.EI
Allaoui., et al. [8] optiomized the averaging intuitionistic fuzzy differential equations. 1. R.Sumathi, I.:Mohana
Priya.V et al., [9-10] demonstrated the neutrosophic linear differential equation with a new concept of neutrosophic
derivatives. 1.R.Sumathi, C.Antony Crispin [11] first time a second —order neutrosophic boundary value problem
has been introduced with different types of first and second order derivatives. Suvankar Biswas, Sandip Moi,Smita
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Pal [12] extended the second-order linear differential equation with trapezoidal neutrosophic numbers as boundary
conditions.

The special feature of using neutrosophic set is to deal with indeterminacy whereas fuzzy and intuitionistic unable to
do in real world problems. It has been applied in many fields like decision-making problems, stochastic process,
graph theory, optimization techniques. Recently the concept of bipolarity has been introduced in many research
domains. The rest of the paper organized as follows. In section 2, literature review has been done for the past ten
years. In section 3, preliminaries of neutrosophic and neutrosophic (alpha, beta, gamma)-cut are presented. In
section 4, proposed the first order neutrosophic ordinary differential equation with BTpNNSs. In section 5, the
definition of differential equation using BTpNNSs is proposed. In section 6, the solutions of the proposed equation
are derived. In section 7, the proposed approach is applied in a bacterium culture model using BTpNNs with
graphical representation using MATLAB. In section 8, comparative analysis has been done with the existing method
to prove the soundness of the proposed concept. In section 9, the current work is concluded with the future direction.

2. Literature Review:

In [1], the author introduced first time the term fuzzy differential equations. In [14], the author presented the effect
of the forcing term to the solution of a fuzzy differential equation. In [15], extended the fuzzy differential equations
in two different ways that is by using a family of differential inclusions, and the extension principle for the solution
of the model with considering its parameters and initial conditions given in fuzzy sets. In [16], the author
investigated the numerical algorithms for solving first-order fuzzy differential equations and hybrid fuzzy
differential equations. In [17], the author presented the various patterns of techniques incorporated into the fuzzy
differential equations in both linear and non-linear type. In [18], introduced fuzzy differential equations of integer
and fractional order and derived fuzzy derivative with help of fuzzy number valued function. In [2], introduced the
concept of an intuitionistic fuzzy differential equation.

In [19], presented the solution concept for differential equations with intuitionistic fuzzy numbers. In [20], presented
the first-order fuzzy differential equations with intuitionistic fuzzy initial valued problem. In [21], proposed
averaging of intuitionistic fuzzy differential equation. In [22], introduced the system of intuitionistic fuzzy
differential equations with intuitionistic fuzzy initial values.In [23], proposed the existence and uniqueness theorem
of solution of intuitionistic fuzzy differential equation with non-linear conditions. In [3-4] the author introduced the
neutrosophic differential equation. Neutrosophic ordinary differential equation of first order through neutrosophic
numbers and also optimized.

In [9-10], demonstrated the neutrosophic linear differential equation with a new concept of neutrosophic derivatives.
[11] First time a second —order neutrosophic boundary value problem has been introduced with different types of
first and second order derivatives. [12] Extended the second-order linear differential equation with trapezoidal
neutrosophic numbers as boundary conditions. From the review of literature, it is found that; neutrosophic
differential is not studied using BTpNN. And hence, in this paper, neutrosophic differential equation is proposed and
solved using bipolar trapezoidal neutrosophic environment.
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3. Preliminaries
In this section, basic definitions are presented for better understanding of the present work.

Definition 3.1. [9]

A={TrA(x), Indp(x),Fala(x):xe X}

Let X be a universe set. A Neutrosophic set A on X is defined as where

Tra(x).Inda (x), Fala(x): X > P17 reprecents the degree of membership, degree of indeterministic and degree of

- +
non-membership respectively of the element Xe X such that 0= Tra(x),Inda(x), Fala(x)<3"

Definition 3.2. [13]

Let X be the wuniversal set. A single valued Neutrosophic set A on X is defined as

A={<Tra(x). Indy (x). Fala (x) > x€ X | where  Tra(X).nda(x).Fala(x): X >[01] enresents the degree of
membership, degree of indeterministic and degree of non-membership respectively of the element X € X such that

0<Ta(X),1a(X),Fa(x)<3

Definition 3.3. [13]

F :
(A“’Bﬁ’r7) -cut: The (A“’Bﬁ’ry) ~cut Neutrosophic set is denoted by  (A«:BsT7)" where (AaBpT, ) €[04] and
are fixed numbers such that (Aa’Bﬂ’r7) <3 is defined as by
F(AQ’B/%F:/) ={<TrA(x), Ind (x), Falp(X) > xe X, Tra(x)= A, IndA(x)sBﬁ,FalA(x)gl“y} |

Definition 3.4. Properties of Neutrosophic Number [13]

A Neutrosophic set ‘A’ is defined on the universal set of real numbers and ‘R’ is said to be neutrosophic number if
it satisfies the following properties..

Q) A is normal it there exists X0 €R such that Tra(%0) =1.(1nd s (x0) = Fala (x0) =0).

(i)  Ais convex for the truth function T, (X) ie.,
Tra($x +(1-¢) %) = min(Tra (1), Tra (X)) ¥4, %, € R&E €[0,1]

(iii)  A'is concave set for the indeterministic function () and false function ™A (x) ie.,
IndA(é/Xl +(1—§)X2) > maX(IndA(Xl), IndA(Xz))vxl,Xz eR &é’ GI:O,].:I

Tra($% +(1-¢) %) = max(Fal (%), Fala (X2 )) ¥4, X, € R&¢ €[0,1],,

Definition 3.5. Triangular Neutrosophic Number [13]

A triangular Neutrosophic number A will be a subset of Neutrosophic numbers in R with the following truth
membership function, indeterministic function , and falsity function is given by
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X_Kl Q
Kp—1K X
Q
Tra(x)= X
K3—X Q
K3—Kp g
0
KZ_X Wy
Kp— K1 g
v
IndA(X): X
X—Kl “P
K3 —kp g
KZ_X Y
Ky~ K g
Y
Fala(x)= X
X—K3 Y
K3 — K3 g
1

for x <x<x,
for x=x,
for Ko <x< K3

otherwise

for K'lSXSK'Z
for x=x,

for &y <X<iK3

1 otherwise

for K <x<k,
for x=x,
for Ky <x< K3

otherwise

i . . = QY. Y, ).
Where <1< %2 <x3 < %4 and a triangular neutrosophic number is represented as “™ (k1 K2.05): 0 Wi Y )

Definition 3.6. Trapezoidal Neutrosophic Number [13]

A trapezoidal Neutrosophic number ‘A’ is a subset of neutrosophic numbers in R with the truth membership

function, indeterministic function, and falsity function as follows:

X—Ky Q
Kp—k)
Q
TI’A(X): X
K4—X Q
K4 — K3 X
0
Ky —X Wy
Kp-r)
b 4
IndA(X): X
X—K4 Wy
K4 — K3 X

for K]_SXSK'Z
for K, <x<rKj
for ry<x<iy

otherwise

for K'lSXSK'Z
for &y <Xx<rK3

for K3 <x<Ky

1 otherwise
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Ko —X

( 2 JYX for g <x<r,
Ky~ K

Y, for x,<x<«k

Fala(x)= X 2 3
X—K,

4 jYX for K3 < XSK4
K'4—K'3

1 otherwise
where K1 < K2 S kg <Ky and a

Aran = (1,2, 703,54 ) 1 Qo Wi Yy )

trapezoidal

Neutrosophic

number is represented as

Definition 3.7. Bipolar Trapezoidal Neutrosophic Number (BTpNN)

A BTpNN “A” will be a subset of neutrosophic numbers in R with truth membership, indeterministic, and falsityin

both positive and negative interval is given

by:

X—e e, — X
Q, for g <x<e Q, for <x<e
(ez—eJ X 1 2 [ez_elj X & 2
Q, for x=e; _ -Q, for x=e;5
Trgrpnn (X) = . X Trronn (X) = e X
4~ —&
Q, for e;<x<e —|Q, for e3<x<e
[64—93] X 3 4 [64—63] X 3 4
0 otherwise 0 otherwise
f, —x X=f gy for f<x<f
2 v, for f<x<f, ot X 1SXsh
f—f; 2= h
-¥, for f,<x<f
Indggonn (X) = Y, for fy,<x<f; |nd§TpNN (x)= X 2 3
P x—f fh—X
4w, for fa<x<f, v, for fy<x<f,
1  otherwise -1 otherwise
[52_5]1@( for g <x<g, [;—ggz jYX for g, <x<g,
2% 2%
Y, for g,<x<g; _ 0 for g,<x<g;
o -
Y, for gz3<x<g, ( JYX for gz3<x<g,
04-03 J 04-03
1  otherwise -1 otherwise
+ - + - + -
WhereTrBTPNN ,TrBTPNN , IndBTPNN , Ind BTPNN | FaIBTDNN and FaIBTPNN denotes the positive part and negative

part of validity membership function, the positive part and negative part of indeterminacy function respectively, and
the positive and negative part of falsity respectively, of trapezoidal bipolar Neutrosophic number.

4. Proposed First Order Neutrosophic Ordinary Differential Equation

In this Section, first order linear differential equation using BTpNNs and proposed the Neutrosophic Ordinary

Differential Equation with BTpNNs.
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Definition 4.1. First order Neutrosophic ordinary differential equation with BTpNNs

dP
= —pP _
Let the first order linear homogeneous neutrosophic ordinary differential equation: dx 7 with P(%)=PR where

nand o are trapezoidal Neutrosophic numbers. Let the solution of the above neutrosophic differential equation be

P(x) and its(A“‘Bﬁ'FV) -cut be

P(x,Aa,Bﬁ,Fy):([F’l(x,Aa),Pz(x,Aa)],[Pll(x,Bﬁ),Pz'(x,Bﬁ)J,Pl"(x,l"y),Pz"(x,Fy))

The solution is effective if it is implemented correctly.

dR (X, A,) 0 dP, (x,A,)
" dA

A <0, VA, €[01]R(x1)<Py(x1)

(24

dR(By) -0 dP,(By)

>0, VBje[0,1]R(x0)<Py(x0)

dBg ' dBy

dr (T dp, (T
l(7)>o, dl )<o v, e[0,1], R (x0)< P (x0)
ar, ar,

Otherwise it is a week solution.
Definition 4.2. BTpNNs with “a'Bg. T, —cut
If A is a bipolar trapezoidal neutrosophic number, then AaBp Ty eyt is defined by
)85 (M) AT (A)]
(A (M) P (Aa) A5 (Ad) A (Ag) ]
(mg) [ ] (8)[A] ()] ror 2 <o)
Ao | (Bs) [ 2] (Bs) [ A] (B }for By [-10]

(C)[A] () [A] (5,)| or o]

for A, e[01]

for A, e[-10]

KT (AT [A] () [AT ()] or T efo]

1)
with AaBply <3

Here,
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SA A o 80 (B o, v, cfos} i 0525 0)
) () o A 18e) o, un, o) <)
SA (R o S () o e, 10} =)
0Q) d(Af,)/;iA“) >0, d(A“d),;iA“) <0, VA, <[-10] A5 (1)< Ay (1)
AT o 80 v, confaT w[5T0
AT o 8T e, onfaT o0[5T0
PO A0 o o, sl T ol 5T o0
o L0 v gl (AT o

dB,,B >0, VB e[o,l],[AiT(O)S[AIZT(O)

a5,
d<A3£ﬁ(Bﬂ)<°'d(A3Lﬁ( o v, o] @<[4] @
d(A;L* ﬁ(Bﬁ) - d(?B)/fﬂ) o voy LA O[] O
i d(Ajl);ﬂ(Bﬁ)w,d(zzB);(mmv oy KT OTAT O

i A=((-er—e2—e3,—e4 1€1,02.83,80).(~ .~ T fa =Ty . T, 5, 14).(~00,-02,-05:-0a 02,02, 93 94 ): 2 Wi ) e
AaBp Ty cutis defined as
An, by {[ e +A, (e2—el))Qx,(e4—Aa(e4—e3))QxJ,[(e2—Aa(ez—el))Q (ea+A, (e4—e3))QX}
[(fz—Bﬂ(fz—fl))\yx,(f3+Bﬁ(f4—fg))\yx][(fzwﬁ(fz—fl)) ool fa- Bﬁ fy—fa )qfx}
|

[(92-T (92 = 90)) (92 + T (92 = 93)) Vi [ (92 + T (92 - 90)) Yoo (95 - T 93)) ¥ ]

5. Proposed definition of Differential Equation with BTpNN
In this section, definition of differential equations using BTpNN method has been proposed.
5.1 Proposed definition for Bipolar Neutrosophic Differential Equation (BpNDE)

dpP
. . . . . . L=k =
Let the first order linear homogeneous neutrosophic ordinary differential equation: dx with P(x0)=Po where

M and P are bipolar trapezoidal neutrosophic numbers. Let the solution of the above equation be P(X) and its

AaBp Ty _cut be
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[pf(x,Aa),p;(x,Aa),pl-(x,Aa),pl-(x,AQ)J,[(pl‘y(x,Bﬁ),(pz‘)+(x,Bﬁ),(q)‘(x,Bﬁ),(pz')‘(X,Bﬂ)}

{(Pl")+(X'ry)’(PZH)+(X'F7)'(P1")(X'r7)'(P2“) (X'r7)}

dR (x,A,) o dP; (x,A,)

P(XA,.BpT, )=

<0, VA, €[01]R"(x1) <P (x1)

dA, dA,
(i dad(:’ja) >0, dpzd(:’aAa) <0, VA, <[0.1]R(x1)< Py (x)
(dPl;j);iBﬂ) - (sz'd);(ﬂBﬂ) o, vy eloc){]/ (x0)<(85 ()
(i) (dpl;’)BiBﬂ) <o (dPZ)BE,Bﬂ) >0, B, <[01](R) (x0)<(P.) (x0)
) ) o B .o, o) emp=(sf e
(iii) (dﬁ;);y(w) <0 (sz;);y(Fy) >0, vT, <[0.1}(R) (x0)<(R3) (x0)

6. Proposed Solution of BobNDE
In this section, derived a solution of neutrosophic differential equation (NDE) is proposed using BTpNNs.
6.1 Solution of BTpNDE

Consider the first order linear homogeneous neutrosophic ordinary differential equation:

d—P =nP with

Suppose dx

Initial condition

P(X0) = AsTpnN = <(—el,—e2,—e3,—e4 re,€p,83,84),(—fr.—fo = fa, =4 1, f2, 3, F4), (=01, —92,-03,—94 1 01,92, 93,94 ) : Q. Py, Y >
3)

Case 1: When 77> 0

Taking AaBp Ty oyt of the equation (3) we have

o | O0A (P (AR () (R () () (4] () () () () ()|
e, ]

[T e e (o R ) () )

with the initial conditions in equations (4), and initial condition for both negative and positive interval in equation
(5) and equation (6) as follows:
23
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([elAa,ezAa,eGAa,e4Aa],[eiBﬁ,e'2Bﬂ,eéBﬂ,ellBﬂJ,{eiry,eéry,e;Fy,e;FyJ),(Aa,Bﬂ,Fy)S3,(Aa,Bﬁ,Fy)e[—l,O}&[O,l}
(%A By T, )= ([ fA, A, A, fAAO,],[fl'Bﬁ, 1B, B, ngﬁ},[fl"ry, AN f;l"y}),(Aa,Bﬂ,l"y)s3,(Aa,Bﬂ,F:,)e[—l,O]&[O,l]

([0t 028 5 047, 0By 028, 03B 048 | [T, 0, 64T 1T, }) (ABaT, ) <3(AyByT, ) e[-10]&[01]
4

®)

(6)

In the first row of equation (4)
i.e.,

([elAa,ezAa,e3Aa,e4Aa],[eiBﬂ,e'ZBﬂ,eéBﬂ,e;lBﬂ][eil"y,egl"y,eél"y,efll"y}),(Aa,Bﬁ,Fy) <3(A,.ByT,)e[-10]&[0.1]

Apply initial conditions of equation (5) and equation (6) in the first row of equation (4) we get the below conditions
for both negative and positive interval as follows:

with initial condition of negative membership function

(Pl)i(XO’Aa) el(Aa) (PZ)i(XO'Aa):eZ(Aa)
(R) (oBs)=ar(Bs)  (P2) (x0:By)=e2(By)

(7] Cory)=ai(ty)  (B) (o) =ea(r)

with initial condition of positive membership function

)

M

(R) (o) =es(Aa)  (Ro) (o) =ea(A)
(R) (x0:By)=b(Bs)  (P2) (0B5)=ei(B5)

() (ory)=es(ry) (B3] (rory)=ei(r)

In the second row of equation (4)
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i.e.,

([ fiA,, oA, TaA,, f4Aa],[ By, ;B4 2B, f‘;BﬂM fT,, f;0,, faT,, f;ry}),(Aa,Bﬂ,ry)ss,(Aa,Bﬂ,ry) e[-10]&[0,1]
Apply initial conditions of equation (5) and equation (6) in the second row of equation (4) we get the below
conditions for both negative and positive interval as follows:

with initial condition of negative membership function

(10)
In the third row

i.e.,

(Lo 028030 Ba ] 018,028 5. 03B 5. 0B || 07, 3T 05T, 0aT, ) (Aai BT, ) £3(A.B T, ) e[-10]&[0.1]

initial conditions of equation (5) and equation (6) we can apply in the third row of equation (4) we get the below
conditions for both negative and positive interval as follows:

with initial condition of negative membership function

(R) (%0:Az)=01(Ar)  (P2) (X0Aq)=02(A,)
(Pll)i(XO'Bﬂ):gi(Bﬂ) ( ) X0.Bg)=02(By)

(7] (ory)=ai(r,)  (R) ()=o)

(1)

(F) (%0Ax)=093(Aa)  (P2) (%0,A0)=0a(Aq)
(F{)+(X0’Bﬂ)=gé(Bﬂ) ( ) (%0.By)=04(By)
r

(F’lu)+(xofy)=9;(ry) (P2)+(Xo ) 94( ;/)

Then the solution obtained for the first row of equation (4) from the above equations (7) & (8) for both negative side
and positive interval as follows.

(12)
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(F) (xAg)=e (A )7 (R) (xA,) =85 (A )e™0 ) (R) (x4, ) =es(A, )"0 (By) (x,A,)=eg(a, )" )
(Pl')i(x,Bﬂ):ei(Bﬂ)e”(x_xO) (Pz) (x Bﬂ):ez B/,)e’7X %) ( )+( ,Bﬂ) eé(Bﬁ)e”(X_XO) (le)i(x,Bﬁ):eA(Bﬂ)e”(X_XO)
(F1) (1) =6a(r, )0 (B3] ()= (1 )60 (R (i, )=es(, )0 () (1) =ei(r )0

Then the solution obtained for the second row of equation (4) from the above equations (9) & (10) for both negative
side and positive interval as follows.

fa(Aa)eﬂ(x—Xo) (P) (xAy)= f4(Aa)e77(X—XO)

(R) (xAL)= (A )70 (B) (x.A,) = F5(A, )"0 (R) (x.A,)
(F{)’(X,Bﬁ)=f1'(3ﬁ)e"(x*xﬂ) (pz')’(x,Bﬁ)=fz'(Bﬂ)e"(X*Xo) (Pl')i(x,Bﬂ) fg(Bﬁ)e”(x‘Xo) (pz')’(x,Bﬂ):f‘;(Bﬂ)e’?(X‘Xo)

(Pl")i(x,l"y) (T, )er ) (Pz")f(x,ry)=fz"(ry)e”(x’xo) (Pl")_(x,l“y) fa (, )e"0 ) (Pz")_(x,ry)=fi(ry)e”(x‘xﬂ)

Then the solution obtained for the third row of equation (4) from the above equations (11) & (12) for both negative
side and positive side are,

(A (R (A= 04 (R) (1,8, ) = 05 (A )T (By) (1, = e (A, )
(R) (xBs)=an(Ba)e™ ) (R) (xBs)=02(B)e™ ™) (R) (x.By)=gs(By)e 07 (BL) (xBp) = g (B ) e

() ()= i )0 () (e, )= sl e (R oy J=oi(, ) (8 (i )i )

Case2: If <0

—
fine}
|
—
x
>
N
S~—
I
[{=]

O

«

When 77 =—V€ Taking “4«'Bs T _cut of the equation (3) we get

® [(F’ly(X,Aa)’(Pz)i(x,Aa)r(Pl)*(x,Aa)|(F’2)7(X,Aa)}.{(Pi)i(X,Bﬂ),(Pz')i(x,Bﬁ)y(Pl')"(X‘Bﬂ)‘(Pz,)J,(X‘Bﬂ)}
) ) b o) ) ()

with the initial conditions of equations (13), and initial condition for both negative and positive interval in equation
(14) and equation (15) as follows:

([elAa,ezAa,e3Aa,e4Aa],[eiBﬂ,e'zBﬂ,egBﬂ,e;BﬁMejry,e;ry,e;ry,e;ry}),(Aa,Bﬂ,ry)s 3(Aw BT, ) e[01]&[-10]
P(XoiAg Byl )= ([flAa,sza,fsAa,f4Aa],[fl'Bﬁ,fz'Bﬁ,fs'Bﬂ,f;BﬁMfl"ry,fz"ry,fs"ry,f;ry}),(Aa,Bﬂ,ry)53,(Aa,Bﬂ,r7)e[o,l]&[—l,oj

([glAa,nga,gsAm fuAs .| 4B, 028,038 5 ngﬁMgiry.g;ry,g;ry,g;ry}),(Aa,Bﬂ,ry)s 3,(A.By.T, ) e[01]&[-1,0]

(13

(14)
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(R) (v Ax)==nR(xAL)  (Pe) (X Ax)=P2(xAq)
(R) (xBs) = (xBs) (P (x.Bs)=—nPi(xB)

(I{')+(X,F7)=—17P3;'(X,F7) (P2)+(xl" ):—an( )

In the first row of equation (13)

(15)

ie.,
([elAa,ezAa,egAa,e4Aa],[eiBﬁ,elzBﬂ,eéBﬂ,e;Bﬂ},[eIFy,e;F},,e;Fy,e;Fy}),(Aa,Bﬂ,F},)sS,(Aa,Bﬂ,Fy) e[01]&[-10]

Apply initial conditions of equation (14) and equation (15) in the first row of equation (13) we get the below
equations for both negative and positive interval :

with initial condition of negative membership function

(16)

(F) (%0 Aa)=83(A0)  (P2)"(¥0.Aq)=04(As)
(Pl‘)+(X0’Bﬁ):el3(Bﬂ) ( ) X0.Bg)=e4(By)
r

(R) (or,)=es(r,) (7] () =ei(r,)

an

In the second row of equation (13)

i.e.,

([flAa,sza,nga,f4Aa],[f1'Bﬂ,fz'Bﬂ,f?;Bﬂ,fliBﬂ][fl"Fy,fznl"},,fé'l";,,fil"y}) (AwBp.T,)<3(A, BT, )c[01]&[-10]

Apply initial conditions of equation (14) and equation (15) in the second row of equation (13) we get the below
equations for both negative and positive interval:

with initial condition of negative membership function
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(R) (x0Aq)=1(A)  (P) (x0.A4)=T2(A,)
(R) (x0Bp)=1i(Bs) () (x0:Bs)=1a(By)

() (ory)=5(r,)  (R) ()= ta(r)

with initial condition of positive membership function

(18)

(F)1)+(X01Aa)= f3(A,) (P2)+(X01Aa)= fa(A)
(R) (oBp)=5(8)  (B) (0Bs)= ta(Bp)

(Pl“)Jr(XO'W):f;(Fy) (Pzn) (x0.T, )= fa(T,)

In the third row of equation (13)

(19)

i.e.,

([0t 0220 85 04 ]| 1B 5. 02B 5, 0B 5. 0By | 01T 0T 03T 04T ) (A BT ) <3,(A BT, ) e[-L0]&[01]

Apply initial conditions of equation (14) and equation (15) in the second row of equation (13) we get the below
equations for both negative and positive interval:

with initial condition of negative membership function

(R) oA =a(As) () (s0rAe)=52(,)
(Pl')i(XO’Bﬂ):gi(Bﬂ) ( ) XoBﬂ =0 B/z

(7] (ory)=ai(r,)  (R) (or,)=o(r,)

(20)

(Po) (%0, @) = 93(Aq)
(P£)+(X0'Bﬁ):9'3(3ﬁ) (Pz) X0.B)=0a(By)

,.)+(x0,ry):g;(r7) (PZ)(XO J)=0a(r,)

Then the solution obtained for the first row from the above equations (16) and (17) for both negative and positive
interval as follows:

(1)
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&(AaBpT,) -6 (AaBpT, )

2

}ev(x"o)

2

(A ({02 ))-

N &AL BT, )+e5(A,By, y)}”(“ﬂ)

2

e3(Aa,B/;,ry)*94(AavB/3'r7) Jev(XXu)

Vol 18, No. 04, PP. 16-43, 2022

2

()()]H

[el(A Bﬁ V)+62(A Bﬂ‘r7)]e7](xxo)

e(A,ByT,) ezA By, /)]”(Ho)

(R)"(x(AqBpT, )=

~—

o 1x%)

s
{ (A8, y+e4ABﬂ r)
[

(AgBp.T,) e4A By, y)}q(xxo)

2

e (A BT, )+ea(Ay By, )

[el(Aa,Bﬁ,ry)—ez(Aa,Bﬂ,ry)Je_q

(x=%)

o 71(x%)

2

e3(AqBp T, ) —es(Ag.BpT,)
2

e3(AaBp T, ) +es(Ag ByT, )
2

(P) (% (AuBpT, )=

o 1(x%)

e'i(X—Xo)

& (A BT, )+ (AgBsT,)
2

slbntal ) slusar] e
2

e"i(X—XU)

(P2)+(X’(Aa‘Bﬂ’r7)): (A BT )
n(x=%

2

J)+es(AqBy, ,)]e

eﬂ(X*Xu)

e3(Aa,B/,,r,)e4(Aa,Bﬁ,r7)J
2
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ei(Aa,Bﬂ,Fy)+elz(AarBﬁ"r7) ]e—n(x-xo)
2

&1 (A BsT, ) - (A, BT, ]en(xxo)
2

(R) (x(40BpT)=

elg(Aa,Bﬁ,r}/)+eLl(Aa’Bﬂ'r}/) ]e—ﬂ(X—Xo)
2

eé(Aa’Bﬂ'ry)_eA(Aa'Bﬁ’FV) ]e'i(xxo)
2

e,i(Aa,B/;,l"y)—elz(AavBﬂ'ry) ]e—ﬂ(X—Xo)
2

& (Ag By T, ) +ey(A, By T,) %)
2

R) (x(A,.BsT,))= , :
( 1) (X( # 7)) eS(Aa,B/;,Fy)*94(Aa’Bﬂ'F7) o 1(x%)
2

eé(Aa'Bﬁ’FV)+eL‘(A“'Bﬁ'F7) e7%)
2

ei(AalBﬂ'Fy)';eIZ(Aa’Bﬂ’r}’)Je'I(XXo)
ei(Aa,Bﬂ,r,)Ze'z(Aa,Bp'Fy)]erI(xx0>
() (x(AaBpoT, )= ) eg(Aa,Bﬂ,Fy);ek(AwBﬂ'W)]ev(xXo)
JEIRSETRRSII
ei(Aa,Bﬂ,ry)Ze'z(Aa,Bﬂ'W)]en(xxO)
e Ay BT, )+6(Ay.BpT, )

) ()

P .-
—
>
8
=
=
—
<
-
|
@
o
—_—
>
8
=
=
—~
<
-
N
EX
o
e

2
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e1(Ay BT, )+e2(Ag Byl ) e 1%)
2

e1(Ay BT, )-e (A, By, ) e1(x%)
2

) (x(AgBpL,))=1 . .
( 1) (X( ’ 7)) e3(Ag Byl ) +es Ay BsT, ) e 1%)
2

e;(Aa’Bﬁ'ry)_eZ(Aa'Bﬂ’FV) 1(x%)
2

& (AxBy Ty)-e2(AqBpT ) )
2

e{(Aa,Bﬂ.I})+e;(AavBﬁ'F7) 1(x-%)
2

w\ Tt
) (x(A, B,T.) =
(1) (X( aBp 7)) &(AgBpT, ) —es(Ag.BsT,) o-10%)
2

(B ) 1A BT ) | o
2

e(AaBpT,)—e(AuBsT,) e 1(x%0)
2

- &(AgBply ) +ep(Ag BT ) $10%)
2

) (x(A,.BsT,))= . g
( 2) (X( B 7)) e3(Aa,Bﬁyry)_e4(Aa’Bﬂ’F7) o 1(x%)
2

Ay 1) Ay T,) | o)
2

ei(Aa,Bﬂ,ry)+e;(AavBﬂ'r7) e 1(x%)
2

) e1(Ay BT, )€ (AqBsT,) 1(x=%)
2

B (x(AqBpl, )=
( 2) (X( “ 7)) e3(An By T, ) +es(Ag ByT, ) g 1(x%)
2

e;(Aa*Bﬂ'FY)_er‘(A""Bﬂ'ry) glx %)
2

Then the solution obtained for the second row from the above equations (18) and (19) for both negative and positive
interval as follows:

31

Doi : https://doi.org/10.54216/1JNS.180402
Received: February 24, 2022 Accepted: June 16, 2022



International Journal of Neutrosophic Science (IINS) Vol 18, No. 04, PP. 16-43, 2022

fl(Aa,Bﬁ,F,)— fZ(Aa,Bﬂ,F,) o 1x%)
2

fi(AgBpT, )+ f2(ABgT, )
2

(%)

) (x(Ay.ByT,))=
(R) (X( s 7)) fs(Aa,Bﬂ,Fy)—f4(AavBﬂ*Fy) o 1(x%)
2

fa(Aa BpTy )+ fa(Aa By T, ) ¢l%)
2

fl(Aa,Bﬁ,l",)*- fz(AarB/}'rr) ]e—fi(x‘xo)
2

fi(AgBpl, )~ fZ(A“’B'B’W)}e”(XX")
2

(R)"(%(AaBpT, )=

f3(Aa,Bﬁ,ry)+ f4(AavBﬂ'r7) },n(xxo)
2

2

f3(Ag BT, )= f4(A“’Bﬂ'ry)]e”(x_X”)

fl(Aa,Bﬁ,ry)* fz(Aa*Bﬂ’r7>]eﬂ(Xxo)
2

- f(AwBpT, )+ fo(AsBs ) g70%)
2
) (s{raa)-
] ( arPp }’) f3(Aa,Bﬂvry)_f4(A0"Bﬂ’F;/) efﬂ(xfxo)
2

(bl WA o
2

fi(Ag By, )+ fZ(A“'Bﬁ'r7)]e”(XX°)
2

) fl(Aa,Bﬂ,ry)_fz(Aa'B/f'F}')Jeli(X—xo)
2
(P2)+(X'(Aa'Bﬁ’r7)) =

f3(Aa,Bﬁ,Fy)+ f4(Aa,Bﬂ,1"7) ]e—ﬂ(x‘xo)
2

2

) fg(Aa,Bﬁ,F,)* f4(AavBﬂ'r7) jeﬂ(xxo)
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(R) (<(AaBsT, )=

) (00, )

(Pz')+(x,(Aa,Bﬂ,ry))=

(P2) (x(AaBsT,))=

fi (AgBp.T, )~ f2(Ag BT, ) o (3 %)

2

i (Aa BT ) a(AaBpl,) | ey

2

f3(Ag BT, )~ fa(Ag By, ) n)

2

f3(Ag Byl )+ fa(Ay BsT,)
2

fl'(Aa,Bﬂ,F,)+ fz'(Aa'Bﬁvry) o 1(x%)

2

f(AxBa T, ) - f2(A By T, ) ¢lx %)

2

f3(Ay By T, )+ fa(Ag. BT, ) (rlx%)

2

f3(Ay By T, ) f4(Ay.ByT, ) Ji(x%)

2

fi(Ag BT, )+ f2( Ay BT, %)

2

2

2

2

fll(Aa’Bﬁ"FV)_ fZI(Aa'Bﬂ*F;')
2

fi (Ag.Bg.T, )+ f2(Ag By T, )
2

fé(Aa’Bﬂ*ry)_ f‘;(Aa'Bﬁ’ry)

er;(x—xo)

fi(AwBgT, )= f2(AgBgiT, ) 1x%)
f3(AwBgT, )+ fa(ABpT, ) o 1(x%)

f3(AaBp T, )~ f4(AqBgT,) 1(x%)

o 1(x%)

2

f3(AgBy.T, )+ fa(AgBs.T,)

2
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() ((AarBp T )) =

(F{')+(x,(Aa,Bﬁ,r7))=

(F2) (e(AaBo.r)) -

fi (AqBp T, )+ f2 (A BpT, ) e 1x%)

2

(BT ) (88T | e

2

f3(AqBpT, )+ f4(Ag BT, foil)

2

fél(Aa'Bﬁ'ry)_fi(Aa'Bﬁ’rV) (x=%)

2

fi (AgBgT, )~ f2(Ag BT, ) o 1(x%)

2

fi (AgBg.T, )+ f2(Ay BgT, )
2

f3(AgBgT,)- 4(A, BT, .
2

fs(ABg T, )+ f4(Ay By T, )

2

fl"(Aa'Bﬂ'Fy)_ fZH(Aa'Bﬂ'FJ') o 1x%)

) fy(Ag By T, )+ fa(AgBsT,)

2

fi (AwBgT, )+ f2(AqBgT, )
2

f3(Ag BT, ) fa(AgBpT,)
2

2

ery(x—xo)

o (x%)

e(x%)

Then the solution obtained for the third row from the above equations (20) and (21) for both negative and positive

interval as follows:

gl(Aa'Bﬁ‘r,V)_ gZ(Aa’Bﬁ’r}’) e*’?(x’xﬂ)

2

91(Aa Byl )+ 92(Au By, T ) 21(x%)

(R)"(x(AaBuT, )=

2

g3(Aa,Bﬂ,Fy>— 94(AavB/f'r,V) e 1%)

2

g3(Aa,Bp,r7)+94(AavBﬂ'r7) 1x%)

2
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()()]u
2

gl(Aa,Bﬁ,Fy)* gz(AavBﬂ'rr) ]EU(X‘XO)
2

(R) (%(AuBpT,)) =

93(AarB/f*F7)+ 94(A0"B/”r7) JE—H(X—XO)
2

2

gg(Aa,Bﬂ,Fy)— 94(AavBﬂ'r7) Jefi(x-xo)

gl(Aa,Bﬁ,Fy)— Qz(AarBﬂ'ry) Je'](xxo)
2

) 01(Aq BT, )+ 62(As BsT, ) ]EU(XXO)
2

(Ro) (x(Aa By, )=

9a(Aa By Ty )~ 94(A0 By T, ) ]e_”(x_x”)
2

2

B gs(Aa'Bﬁ'r7)+ g4(Aa'Bﬁ’r7) }e’l(xxo)

gl(Aa,Bﬁ,Fy)Jr gz(AavBﬁ"ry) ]e—W(X—Xo)
2

B gl(Aa,Bﬂ,ry)—gz(Aa,Bﬂ,ry)]e”(xXO)
2

B (sl )

<>()]<>
2

2

_ 93(AwBp.Ty) - 9a(AaBpT, ) ]e”(x"x")

gi(Aa,Bp,Fy)—g'z(Aa.Bﬂ,ry)]en(xxo)
2
N gi(Aa'Bﬂ'rV)+ gIZ(Aa'Bﬂ'ry)

10x%)
2

R .

93(A0 BT, )+ 04(AqBs T, ) .
2
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gi(Aa,Bﬁ,Fy)Jrgé(AaxBﬂ’Fy) e 1(x%)
2

01(AwBsT,)-92(AuBsT,) 1(x%)
2

B) (x(A,.ByT,))= , .
( 1) (X( s y)) gS(Aa,Bﬂ,r}/)Jrg4(Aa'Bﬁ'r7) e—?](X—Xa)
2

gé(Aa,Bﬂ,ry)_gll(Aa’Bﬁ’r}/) 1(x%)
2

g(A Bg, y)+gz(A Bg, V)} —n(x-%)

- gi(Aa'Bﬂ‘ y gZ A Bﬂ 4

(Pz')+(x,(Aa,Bp,l"7)):

93(AqBsT,) QAA Bp.ly

]xx0
93(Ag By, T +94A By, YJIIXXO
Jxxo

gi(Aa:Bﬂ'Fy)gé(AaxBﬂ'FV)Jeﬂx%)
2

) 01(AwBs T, )+ 02(Ag.BsT,) 1(x%)
2

P (x(A,.B,T,))= . -
( 2) (X( A y)) g3(Aa,Bﬂ,l"y)—94(AarBﬁ'r7) e—'l(X—Xo)
2

) gé(Aa,Bﬁ,Fy)Jr g;(Aa,Bﬁ,F,) &%)
2

01(AuBp.T, )~ 02(AuBpT,) o (%)
2

01(AuBy.T, )+ 05(Ay By T,) )
2

g;(Aa.Bﬂ,ry)—gZ(AaxBﬂrry) o 1%)
2

(R) (% (AaBpT,)) =

03(AuBsT, )+ 04(ALBsT,) )
2
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61 (Ax By Ty )+ 02(AwBpTy ) | )
2

4 gi(Aa’B/f’r7)_ g;(Aa’B/f’FV) er;(x—xo)
2

R) (x(Ag.B,T,))=
(1) (X( s 7)) 93(A BT, )+ 04(AuBsiT, ) e 10%)
2

g;(Aa,Bﬂ,ry)*g:l(Aa'Bﬂ’r7) 1x%)
2

gi(Aa,Bﬂ,Fy)—g;(AarBﬁ’FV) o 1(x%)
2

[9i(AaBpT,)+ 02(AuBsT,) )
2
Py) (%(Ag.BsT,))=
() (x(AxBpT,)) 93(A0 BTy )= Ga(AaBpTy) | Ly

2

(93(AuBpT, )+ 9i(AniBT,) )
2

7. Predicting bacterial reproduction rate using proposed BTpNDE

In this section proposed concept is applied to predict the reproduction rate of bacteria over the separate bodies and
the problem is taken from [9].A group of bacteria derived from the same mother cell in a wealthy-environment and
how the single parent cell divides to produce multiple copies that are genetically identical to produce clusters of
bacteria to form a bacterial colony is examined. Generally the bacterial colonies arise through the binary fission. The
bacteria take up the nutrients and then initiate the growth and multiplication of the microorganism. In this
environment, the population of the bacteria replicating through binary fission. The rate of change in which
population increases directly proportional to the number of bacteria. And hence the concept of differential equation
applied under neutrosophic environment by considering the initial conditions as a neutrosophic number.

7.1. Predicting bacterial reproduction rate using proposed BTpNDE

The rate at which this population grows is proportional to the number of bacteria present. This rule can be expressed

dpP
—=nP
in the form of a differential equation: dt 7 If the initial population is a BTpNNs
<(_3‘_4’_5‘_6;3’4’5’6);(0'8’0'2’0'3)). The population of bacteria after two days can be obtained as follows: (The
1

. n=<
constant proportional 3).

L % P where P(0)=((-3-4,-5-6;3,4,5,6);0.8,0.2,0.3).

n
Substitute 3 dt

P 1
= =3P where P(0)=[(-3-4,-5-6:3,4,5,6);(0.8,0.2,03) .

The obtained solution from the equation (4) and equation (13) in the format of equation (2) is as follows.
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t

P (tA,)=(32+08A,)e3
t
R (tA,)=(-32+08A,)ed

('{)+ (tBy)=(08- 0~2B,,)e%

(Plv)i(t'Bﬁ):(—O.S—O.ZBﬁ)eé

P (tA,)=(48-08A,)e

(Pz')+(t,3/,):(1+0.213/,)e%

t

3

t

Py (tA,)=(-48-084,)e3

(le)i (tBg)=(-1+ O-ZBﬁ)eé

(22)

(23)
o t " t
(R} (tr))=(r2-03r, )e3 (P:) (tr,)=(25+03r, )e3
t t
(R) (tr,)=(-12-03r, ) (P:) (tr,)=(-15+03r, Je? o
Here,
o t w ) ¢
dap+ t dap+ t . -0.2¢3 <0, 2| =0.203>0,
— 1 -0.8e3 >0, 2 __0.8e3 <0, dBy dBy
dA,, daA,
_ t - t dP L ) L
- dP - _ 2 | _
dP —0.8e3 >0, 2 __0.8e3 <0, q ! -0.3e3 <0, [B =0.3e3>0
dA,, dA,, s
Y t a ) !
—L | =-03e3<0, —2 | =0.3e3 >0,
dr, ar,
T t N\ t
dR L dP L
—1 | =_0.3e3<0, —2 | =03e3>0,
ar, ar,

Subsequently the arrangement is solid. The answer fort=2and various qualities for (

accompanying table:

Aa'Bﬁ'rr) is given in the

Table 1: solution for different values of A« using equation (22)

A, R (tA,) P (tA,) R (tA,) P (tA,)

6.2327 9.3491 -6.2327 -9.3491
0.1 6.3886 9.1933 -6.0769 -9.5049
0.2 6.5443 9.0375 -5.9211 -9.6608
0.3 6.7002 8.8817 -5.7653 -9.8166
0.4 6.8560 8.7258 -5.6094 -9.9724
0.5 7.0118 8.5700 -5.4537 -10.128
0.6 7.1677 8.4142 -5.2978 -10.284
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0.7 7.3235 8.2584 -5.1420 -10.4399
0.8 7.4793 8.1026 -4.9862 -10.5957
0.9 7.6351 7.9468 -4.8304 -10.7515
1.0 7.7909 7.7909 -4.6746 -10.9073

Table 2: solution for different values of B4 using equation (23)

o\t
o\t o\~ n\—
o | BV () | (@) ) | () )
0 2.3373 2.9216 -2.373 -2.9216
0.1 2.2788 2.9800 -2.3957 -2.8632
0.2 2.2204 3.0385 -2.4541 -2.8047
0.3 2.1620 3.0969 -2.5126 -2.7463
0.4 2.1036 3.1553 -2.5710 -2.6879
0.5 2.0451 3.2138 -2.6294 -2.6294
0.6 1.9867 3.2722 -2.6879 -2.5710
0.7 1.9283 3.3306 -2.7463 -2.5126
0.8 1.8698 3.3891 -2.8047 -2.4541
0.9 1.8114 3.4475 -2.8632 -2.3945
1.0 1.7530 3.5059 -2.9216 -2.3373

r

Table 3:solution for different values of " » using equation (24)

W\t A+ N\ N\ —
By (Pl) (tBy) (Pz) (t, ) (Pl) (tBy) (Pz) (tBy)
0 1.5582 1.9477 15582 1.9477
0.1 15192 1.9867 15971 -1.9088
0.2 1.4803 2.0256 16371 -1.8698
0.3 1.4413 2.0646 16751 -1.8309
0.4 1.4024 2.1036 ~1.7140 -1.7919
05 1.3634 2.1425 -1.7530 -1.7530
0.6 1.3245 2.1815 -1.7919 -1.7140
0.7 1.2855 2.2204 ~1.8309 16751
0.8 1.2465 2.2594 -1.8698 -1.6361
0.9 1.2076 2.2583 -1.9088 15971
1.0 1.1686 2.3373 1.9477 15582
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The above table 22, table 23 and table 24 represents the different values of ( values at t=2 in both

positive and negative interval.

The graphical representation of table 1, table 2 and table 3 are shown in figure 1, figure 2 and figure 3 respectively.

Figure 3: Graphical representation of equation (24) for different values of T,

The above figure 1, figure 2 and figure 3 graphically represents the different values of (A“’Bﬂ‘r7) values at t=2
in both positive and negative interval.
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8. Comparative Analysis
In this section, comparative analysis of the proposed method with the existing method

Table 4:comparative analysis with the existing method

Methods Neutrosophic Solution of the Problem Conditions for solution
numbers become strong
Triangular ! S o, t
R(tA,)=(24+08 Pt A, )=(4-08 B _oges % _ _0ge3
Method [9] 1(tA,)=(24+ a)et (L A,)=( oe)el i, 0.8¢3 >0, T 0.8e3 <0,
—(0.8— 3 — 3 p t P t
(345:0802023) R (t.By)=(0.8-0.28)e Py(t.B)=(0.8+0.28)e %:_0283 <0 ;BZ 020,
1Ty, V.0,V 4,V t t B B
R(tr,)=(12-03y)e Py (t.T,)=(1.2+0.3y)e? &P t o t
L =-0.3e3 <0, —2.=0.3e3 >0,
dr7 4
i t t
BIpOIar_ B (LAL)=(32+08A,)8  P(tA)=(48-08A)3| B o . LA S
Trapezoida ¢  dAg ' dAg '
T(t, Ay ) =(-3.2+0.84, )e3 > (t, Ay ) =(~4.8-0.8A, )¢3 _ t - t
| Method A (bAa)=(32+08A,)e e (tAa)= (4 Ae) 9L 0803 >0, *, =083 <0,
dAgy dAg
o L . t P P
(R) (tBs)=(08-02By)e? (P2) (tBs)=(1+02B)es % N {% oxdae
t t
((-3,-4,-5,- (R) (tBy)=(-08-02B4)e3  (Ry) (tBy)=(-1+02B,)e? g ' .
6:3,4,5,6):0.8,0.2,0.3) {7 oo {% o
t t
(R) (br,)=(12-03r,)e3  (B)'(tT,)=(15+03r,)e3 - t .
. L o\ LR 3 ) 3
(R)) (tr,)=(-12-03r, )e3 (r2) (tr,)=(-15+03r, g3 o, | TS a, | 0l
{dpl ] : [dpz J7 :
—L1 | —_033 <o —£.| =033 >0,
d]"y d]'y

Table 4, shows the effectiveness of using trapezoidal bipolar neutrosophic numbers with the existing method of
triangular neutrosophic numbers. Triangular neutrosophic method shown the effectiveness of the solution only in the
positive interval whereas bipolar trapezoidal neutrosophic method shown the effectiveness of the solution in both
positive and negative interval. In both the method the solution become strong and satisfying the conditions for the
derivatives.

9. Conclusion

Differential equations have an amazing ability to forecast what is going on in the world around us. They can be used
to describe exponential growth and decay, species population expansion, or change rates through time. The
Neutrosophic differential equation has been devised to address the rate of change of indeterminacy. In this research,
a neutrosophic ordinary differential equation and derived its (A“’Bﬁ’ry)-cut solution for bipolar trapezoidal
neutrosophic number have been proposed. To test the viability and productivity of the proposed technique, the
proposed concept has been applied to predict reproduction rate of bacteria using MATLAB with graphical portrayal.
In addition, a comparative analysis has been done with existing methods to demonstrate the effectiveness of the
proposed method with trapezoidal and bipolar trapezoidal neutrosophic environment. In future, this work can be
extended to refined and other neutrosophic environments.

41
Doi : https://doi.org/10.54216/1JNS.180402
Received: February 24, 2022 Accepted: June 16, 2022




International Journal of Neutrosophic Science (IINS) Vol 18, No. 04, PP. 16-43, 2022

Funding: “This research received no external funding”

Conflict of Interest: The authors declare no conflict of interest.”

References

[1] Zadeh, L .A., Fuzzy Sets, Information and Control., 8,338-353,1965.

[2] Krassimir T. Atanassov. Intuitionistic Fuzzy sets and systems., 20(1) 87-96, 1986.

[3] Smarandache, F., A Unifying Field in Logics Neutrosophy: Neutrosophic probability, Set and Logic.
Rehoboth: American Research Press, (1998).DOI:10.5281/zenoda.49174.

[4] Smarandache. F., Neutrosophy and Neutrosophic Logic, Set, Probability, and Statistics University of New
Mexico, Gallup, NM87301, USA (2002).

[5] J.J. Buckley., T. Feuring., & Y. Hayashi., Linear systems of first order ordinary differential equations Fuzzy
initial conditions., Soft Computing-A Fusion of Foundations, Methodologies and Applications.6(6),415-421,
2002.

[6] D.S-Le, H.Vu, & P.D- Nguyen., The formulas of the solution for linear-order random fuzzy differential
Equations. Journal of Intelligent and Fuzzy Systems, 28,795-807,2015.

[7] Said Melliani., Razika Ettoussi, R., Mhamed Elomari., & Lalla Saadia Chadli., Solution of intuitionistic fuzzy
differential equation by successive approximations Method. Notes on Intuitionistic Fuzzy Sets, ISSN 1310-4926
Vol. 21(2), 51-62,2015.

[8] Abdelati EI Allaoui., Said Melliani., Youssef Allaoui., & Lalla Saadia Chali., Averaging of intuitionistic fuzzy
differential equations. Notes on Intuitionistic Fuzzy Sets, VVol. 23(2),44-54,2017.

[9] I. R.Sumathi, I. Mohana Priya, V., A New perspective on Neutrosophic Differential Equation. International
Journal of Engineering & Technology, 7(4.10), 422-425, 2018.

[10] Moi, S., Biswas, S., Pal, S., Neutrosophic Linear Differential Equations with a New Concept of Neutrosophic
Derivative. In: Smarandache, F., Abdel-Basset, M. (Eds). (2021). Neutrosophic Operational Research.
Springer,Cham.

[11] Sumathi, I. R., Antony Crispin Sweety, C., New approach on differential equation via trapezoidal
Neutrosophic number. Complex and Intelligent systems 5, 417-424,2019.

[12] Moi, S., Biswas, S. & Pal, S.. Second-order Neutrosophic boundary-value problems, Complex and
Intelligent Systems 7,1079-1098,2021.

[13] Deli, 1., & Subas, Y., A ranking method of single valued neutrosophic numbers and its applications to multi-
attribute decision making problems. International Journal of Machine Learning and Cybernetics.8,1309-
1322, 2017.

[14] T. Allahviranloo., M. Shafiee., & Y. Nejatbakhsh., A note on fuzzy differential equations and the
extension principle.,179(12),2049-2051, 2009.

[15] Marine Mizukoshi, M.T., Barros, L.C., Chalco-Cano, Y., Roman-Flores,H., & Bassanezi, R. C., Fuzzy
differential equations and the extension principle. Journal of information science, 177(17),3627-3635,2013.

[16] K. Ivaz, A. Khastan, Juan, J.Nieto., A Numerical Method for Fuzzy Differential Equations and Hybrid Fuzzy
Differential Equation, Abstract and Applied Analysis,VV0l.2013.doi:10.1155/2013/735128.

[17] Yu, Wen., &Jafari, Raheleh, (Eds). (2019). Modeling and Control of Uncertain Nonlinear Systems with
Fuzzy Equations and Z-Numbers. Fuzzy Differential Equations: Wiley-IEEE Press.

[18] Mazandarani, M., & Xiu,L., A Review on Fuzzy Differential Equations. IEEE Access, 9,62195-
62211,2021.

[19] Melliani,Said., & Lalla Saadia Chadli., Intuitionistic fuzzy differential equations. Notes on Intuitionistic
Fuzzy Sets 6.2, 37-41, 2000.

[20] Wang., L ei., Guo, Sicong., New Results on Multiple Solutions for Intuitionistic Fuzzy Differential
Equations. Journal of Systems Science and Information, Vol 4(6), 560-573.

[21] Abdelati EI Allaoui., & Lalla Sadia Chadli., The Existence and Uniqueness of Intuitionistic fuzzy Solution for
Intuitionistic Fuzzy Partial Functional Differential Equations. International Journal of Differential Equations, 1-
13, 2019.

[22] Omer Akin & Selami Bayeg., System of intuitionistic fuzzy differential equations with intutionistic fuzzy

42

Doi : https://doi.org/10.54216/1JNS.180402
Received: February 24, 2022 Accepted: June 16, 2022



International Journal of Neutrosophic Science (IINS) Vol 18, No. 04, PP. 16-43, 2022

initial values. Notes on Intuitionistic Fuzzy Sets, 2018.doi: 10.7546/nifs.2018.24.4.141-171.

[23] Castilo, O., Melin, P., & Kacprzyk, J. (Eds).(2020). Intutionistic and Type-2 Fuzzy Logic Enhancements in
Neural and Optimization Algorithms: Theory and Applications Volume 862. Doi: 10.10007/978-3-030-
35445-9.

43
Doi : https://doi.org/10.54216/1JNS.180402
Received: February 24, 2022 Accepted: June 16, 2022




