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Abstract

In this paper, we present some results about the neutrosophic-generalized version of finite-difference method,
where we prove its essential properties, and we apply it to many different examples to clarify the validity of our
work. In addition, some numerical tables related to the results will be clarified and presented.
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1. Introduction

Numerical analysis is one of the most prominent branches of applied mathematics, as it is primarily concerned
with studying the numerical solutions of many differential and algebraic equations alike [1]. Where we see in [2]
an application of numerical methods with the aim of finding approximations for exact solutions to differential
equations, where numerical tables and graphical diagrams are widely used in extracting results [3].

Numerical analysis has many applications, especially in other sciences, where numerical algorithms are widely
used in physics, mathematics, computer science, and economics [4]. On the other hand, we find an application of
numerical methods in finding numerical approximations to solutions to algebraic equations that branch out from
many physical and economic problems [5].

One of the most important numerical methods used in the study of numerical analysis is the finite difference
method, which has been used by many researchers in numerical studies related to the aforementioned equations
see [6-8]. Neutrosophic generalizations of previous equations can be derived by putting neutrosophic variables
and constants a + bl or x + yI instead of a or x.[9]. For more details about neutrosophic generalization of
differential and integral equations with many different methods for solving these equations, see [10].

This has motivated us to present some results about the neutrosophic-generalized version of finite-difference
method, where we prove its essential properties, and we apply it to many different examples to clarify the validity
of our work. In addition, some numerical tables related to the results will be clarified and presented.
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2. Main Results
e Neutrosophic Finite-Difference Method (NFDM)
Taking a two-point boundary-value problem with a second order differential equation, which takes the form:
f"=gk+ylLf,fH, a+cl <x+yl<b+dl,
fla+c)=a+slf(b)=0+kl

where g is a function, a+cl and b+dl are the end points, and
fla+c)=a+slf(b)=8+kl

are the boundary conditions.

Example 2.1

1
f"=§(32+2(x+y1)3—ff'), 1+I<x+yl<3+1

43
fA+D=17+LfG+D=—+I

Theorem 2.1
Suppose the function g in the boundary-value problem

f"=gx+yLf,f" a+cl <x+yl <b+dl, fla+cl) = a+sl,f(b+dl) = B+ kl
is continuous on

DD =((x+ylLf,f)a+cl<x+yl<b+dl,—0 < f <o, —0<f <x)

and that the partial derivatives g, and g , are also continuous in D(I)
If:
) gr(x+ylLf,f")>0forall (x +yl,f,f") € D(I),and

2) A constant M(I) exists with | g sx+ yLf, f)| < M) forall (x + yI, f, f) € D(I), then the boundary-value
problem has a unique solution.

A nonlinear boundary-value problem takes on the form of:
f'"=gk+yLf,f)a+cl<x+yl<b+dl, fla+cl) = a+sl,f(b+dl) = f+kl
(1) g and the partial derivatives gf and g f, are continuous on:
D) =(x+yLffy)|la+cl <x+yl<b+dl,—0 <f<o,—0w<f <)
() gs(x + v, f,f") = +ul on D(I), for some § + ul > 0.
(3) there exists:

k= lgr x+yLf,f)] ,and L= max _|gp (x+yLf,f)]

max
(x+yLf.febp) (x+yLf.f)eD

For:

f"=px+yDf + qx +yDf + r(x+yl)

is expanded using f'in a third Taylor polynomial about x; + y;levaluated at x; 1 + y;.4[ and x;_{ + y; 11,

1 h?
[ +yl) = ¥ f (igr + YigrD) = 2f O + yi D) + f(xi-1 + yi-1D] — ﬁfm & +viD) (5.1)

for some &; + v;I in (x;_1 + V;_11,Xj41 + Viy11), and:

1 h?
'O +yd) = oh [Y(Xip1 + YierD) =y (X1 + ¥ D] = gf”' (m: +wlI) (5.2)

for some n; + w;l in (x;_1 + Vi_11, Xj11 + Vip1 D).
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Step 1:
We have to divide the interval [a + cI, b + dI] into (N + I) equal subintervals which gives us:
_(b+dl—a—cl)

(N+1D)
with end points at x; + y;I = a + cl + ih for.
Step 2:
f'ea+yi) = gl +yil, f O+ yi), f'(xi + viD))
Hence
i + YierD) = 2f (o + 0il) + f (X1 + Yigal)
2
— g (: + oyl fCx + in),y(xiH + Yi+11)2_h3’(xi—1 +yi4l) _ %zf,,, (77i)>
+ h—zf(4) ) (5.3)
12 '
for some &; + v;I and n; + w;I in the interval (x;_; + V;_11, Xj11 + Viy1D).
Step 3:
We have:
do=a+sl, dys1 =P + kI

And:

diyg —2d; +d;y diy1 —diq
] PRELLEg
n2+1 +f<xl Ty

Step 4:
2d, — dy + h? ( dz_aﬂ) =0
1 2 f x1:W1:2h+1 a =
2 d3 _d1
_d1 + 2d2_d3 + h f<x2’d2’T—H+ I) =0
(54)
dy —dy—
_ _ 2 v T ON-2) _
dy-z +2dy_1—dy+h f(xN—pdN—p h+1 ) 0
B —dy_
—dy_; + 2dy + h%f <xN, d”’T+N11) —B—kI=0
Step S:

d©® = @®,a,...,d™)¢, F(w®) and defining the Jacobian matrix as follows:

h+1 diy1 —dig
<xi’ i’—

[y s di)yy = =1+ =g L ),fori —j—1andj=2,..,N

diys — dy
J(dy, dy, ., dy)y = 2 + B2g (xi,di,%»fori —jandj=1,...N

h+1 diy1 —dig
J(dy, dy, ---'dN)ij =-1- Tgf’ (xi. T

wheredy = a + sl anddy,, = f + kl.
Remark 2.1

),fori=j+1andj=1,...,N—1 (5.5)

We can find the initial approximation d(®by using the following equation equation:
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B+kl—a-—sl
b+dl—a—cl

](dl' "y dN)(el, ey eN)t = _F(dl, dz, aiey dN)
where di(k) = di(k_l) +1[;,foreachi = 1,2,...,N.

d® =q+sI+ (x; —a—-cl)

Crout LU Factorization

Since J(d) is tridiagonal, it takes on the form:

11 Jiz 0 .. 0 7
Jou Jaz J2z 0 0
0 Jjs2 Jsz Jza O 0
: 0 “ w0 0
J={: + o -~ - ~ 0 0
T S | R A |

0 ™~ ™ iy

0 0 0 0 0 0 ji—1 Jy |

g1 O 0 .. 0
21 G2z 0 .. 0
0 q82 g3z 0 .. 0 8
Q= : 0 o ow 00
: 0 0
: : 0 -, 0
0 0 0 0 0 0 gy ql
1 hy O 0
0 1 hyy O 0
0 o0 1 hyy 0 .. 0
0 ~ 0 0
o= :0 ~ w0 0
0~ o 0
: : : : 0 ~ ~ hiq
0 0 0 0 0 0 O 1

(1) Computing the first column of Q, where q;; = a;;
(2) Computing the first row of H, where h;; = %
11

(3) Alternately computing the columns of O and the rows of H, where:
j-1
qij =al-j— qikhkj,forjs l,l= 1,2,...,N
k=1
a;; — Y28 quche
=2 Zici duchiy (o <jj=23,..,N
qii

](dll ey dN)(el, vy €N)t b _F(dl, dz, ey dN)

h

e MATLAB Application

In this section, we will solve the boundary value problem of nonlinear ordinary differential equation
fr=s@2+20+yIP —ff), 1+1<x+yl<3+I1fA+D=17+Lf@G+D=2+1

withh = 0.2 +1
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Step 1:

Since we know that h = 0.2 + I, this means that our interval [1+1,3+]] is divided into N + 1 4+ I = 20 + [ equal

subintervals.

Step 2:

Next, we will define the boundary conditions such that dy = 17 + [ and d,, = 14.23415 + .

Step 3:
Using the equation define initial approximation d®.

d(0)

_ ( 16.23167 +1,16.732234 + 1,16.6 + 1,16.433687 + 1,16.33333333 + 1,16.2 + 1,16.2897 + 1,15.988653 + I,
15.8 +1,15.667 +1,15.523 +1,15.4 +1,15.223 + 1,15.13498 + 1,15 + 1,14.866218 + 1,14.7332673 + 1,14.47161 + |

Step 4:
We know that N = 19 + I, which implies that F(d) is
19 x 19 nonlinear system. F(d) is:

d,(d, —17)
2d; —d, +0.01({3+714+03121+/+————|—-17=0

1.6 +1
_¢+2%‘%h+001G+J+OAW6+ ﬁﬁ+fﬂ>
—dz+2d3—d4+001<3+1+051m4+-3ig+7”)
‘ds+2d4—ds+001<3+1+05567+ 4?E+I:U

—d4+2d5—cQ-F001<3+1-+087791+ ds(ds = ))

1.6 +1
de(d; — ds)\
—dy+hk—d7+0m<3+l+1ﬂm45+ T )—
d7(dg — de)
d + 2d, d8+oo1<3+1+1z4m.+ et )

—d7+2d8—d9+001<3+1+1458+—é¥i———>_o

1.6+1
dy(dyp — dg)
— 2dg — .01 I+ 17221 —_— | =
dg +2dy —dq, + 0.0 <3+ + 5+ 1641 0
dio(di1 — do)
_d9+2d10_d11+0.01(3+1+2.67+Tﬂ —0
dy1(diz — dyo)
— 2 — .01 I+ 2. —_— | =
di2(di3 — dy1)
_d11+2d12 _d13 +0.01 <3+I+2.6221 +T—}-I _ 0
d3(dy, —d
—@Z+2¢3—¢4+am<3+1+33m5+—§%g¢712)=0
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dyy(dys —d
—dys + 2dy, — dys + 0.01 <3 +1+3.4117 +M> =0

16 +1
dys(dyg — d
—dy, + 2dys — dyg + 0.01( 3+ +3.90625 + hisldis —di)) _
16 +1
dye(dy; —d
—dys + 2dyg —dyy +0.01( 3 + 1+ 43213 +M =0
16 +1
dy,(dyg — d
—dyg + 2dy; — dyg +0.01( 3 + 1 + 4.95565 + dir(dis = dio)) _
16 +1
dyg(dyo — d
—dy; + 2dyg — dyg + 0.01( 3 +1 4 5.4567 + ig(dio = di7)) _ 0
1.6 +1
d19(14.22163 - d18)
—dyg + 2dyo +0.01( 3 4+ 1 + 6.09725 + e — 14333333 =0
x;+yl w;+l w0+ wO+] w®+] w®+] w+] w®+]
101 we+1 1941 19+1 19.41 1941 1941 19.41
1241wyl 18.86671+1  18.7641+1 18.75606+1  18.7606+1  18.7606+1  18.7606+
1441wyt 18.73331+41  18.5212+1 18.51735+1  18.51635+1  18.5135+]  18.5135+]

1.6+1 wy+l 18.6000+I1 18.2714+1 18.28579+1 18.2859+1 18.2859+1  18.2859+1

1.8+1 wy +1 18.46671+I1 18.0152+1 17.9974+1 17.99674+1 17.9974+1  17.9974+1

2+1 ws + 1 18.33331+1 17.7532+1  17.72979+1 17.7299+1 17.7299+1  17.7299+1
2.2+1 Wetl 18.2000+1 17.4867+1 17.45478+1 17.4578+1 17.4578+1  17.4578+1
2.4+1 wo+l 18.06617+1 17.2175+1 17.13831+1 17.18631+1 17.1831+1  17.1831+1

2.6+1 wg + 1 17.93133+1 16.9477+1 16.904485+1 16.90856+1 16.9085+1  16.9085+1
2.8+1 wytl 17.8000+1 16.6808+1 16.63377+I1 16.63767+1 16.6377+1  16.6377+1
3+1 wio+1  17.66167+1 16.4208+1 16.373552+1 16.3752+1 163752+  16.3752+1
3241 wy; 1 1'7.53133+1 16.1733+1 16.124369+1 16.12691+1 16.1269+1  16.1269+1
3.4+1 wi, +1 174141 15.9449+1 15.897597+1 15.89917+1 15.8997+1  15.8997+1
3.6+1 wy3+1 17.26167+1 15.7443+1 15.70522+1 15.7022+1 15.7022+1  15.7022+1
3.8+1 wi, +1 17.13313+1 15.5820+1 15.54548+1 15.54248+1 15.5448+1  15.5448+1
4+1 w;stI 17.0000+1 15.4710+1 15.43597+1 15.42397+1 15.4397+1  15.4397+1
4.2+1 wie+1  16.86167+1 15.4271+1 15.45017+1 15.42017+1 15.4017+1  15.4017+1
4.4+1 w;,+1 16.73233+1 15.4694+1 15.44583+1 15.44283+1 15.4483+1  15.4483+1
4.6+1 wig+1  16.62059+1 15.6008+1 15.55999+1 15.59929+1 15.5999+1  15.5999+1
4.8+1 Wigtl 16.90589+1 15.8854+1 15.85844+1 15.88434+1 15.8844+1  15.8844+1

5+1 Wy + 1 16.33533+] 15.3333+1 15.35333+1  15.333333+1 15.33334+1  15.3333+1
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3. Conclusion

In this paper, we presented some results about the neutrosophic-generalized version of finite-difference method,
where we proved its essential properties, and we applied it to many different examples to clarify the validity of
our work. In addition, some numerical tables related to the results are clarified and presented.
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