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Abstract. In this paper, collocation method using recur$oren of Ninth degree B-spline
functions as basis is developed and employed t the numerical solution for ninth
order boundary value problems. Numerical examples eonsidered to test the
performance, stability and accuracy of the predemeloped method.
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1. Introduction
This paper is concerned with the numerical solubdminth order linear boundary
value problem by using ninth degree B-spline cd@ltoan solution.
The ninth order linear differential equationtlvboundary conditions is given as
du du du du du du du dU
PO(X)@ +Pl(><)§+ PZ(X)& +Ps(><)& +P4(><)§ +Ps(><)& +Ps(><)§ +Py(><)&

+R)S+RMU =QU) x € (@) ®
with the boundary conditions
U@=d,U()=d, U(@@=d,U[)=d,U@=d,U{b=d,
U"(a)=d,,U"(b) =d,,U"(b) = d, (2)
wherea,b,d,,d,,d,,d,,d;,d,d,,dg,d, are constants.

Py(X) s PL(X), P, (X) s Py(X), Py (x)» Ps(X), Ps(X) s P, (x), Py(x), Po (x),Q(x) are function
of x.

Different methods have been developed by marilias to solve the ninth order
boundary value problems. Homotopy perturbation roéttvas applied to obtain the
solution for ninth and tenth order boundary valuehpems by Tauseef and Ahmet
[1]. Samir presented spectral collocation methoddlve ninth order boundary value
problems [2].
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In this paper, recursive form of ninth degrees@ine is employed as basis
function in collocation method to solve the ninttder boundary value problems of
the type (1)-(2).

2. Description of method
The solution domain & x < b is partitioned into a mesh of uniform length
h = Xj:1- X, where j=0,1,2,.,.N-1,N . Such that a=pX< X;< Xz ...... < Xn1< Xn=Db.

In the ninth degree B-spline collocation hwat the approximate solution is
written as the linear combination of ninth degrees@ine basis functions for the
approximation space under consideration. The pregposumerical solution for
solving Eq. (1) using the collocation method wiihth degree B-spline is to find an

approximation solutiord "(x) to the exact solutiot) (X) in the form:

n+8

U"(x) =Y CN,,(x) (3)

where C,’s are constants to be determined from the boundamyditions and

collocation from the differential equation.
A zero degree and other than zero deBrspline basis functions [3, 4] are

defined atXj recursively over the knot vector space

X ={X], X2 X3:errenes Xn—1,Xn} as

i) if p=0
N; p(x) =1 T O, %4)
N; p(x) =0 I xO(%, %)
i) if p21

_ X=X Xirpr1— X
Ni p() =————=N; 1 () +—————— Ny pa(X) 0
"P Xi+p =X P Xi+p+1 ~ X+1 Bl

where p is the degree of the B-spline basis fumctind Xis the parameter belongs
to X .When evaluating these functions, ratios of thenf@/0 are defined as zero.

Derivation of B-splines

If p=9
we have
N9 = X5 Nipa( + Ry Ko™ - Napa®
Xep ™K Xip ™%X Kepa ™ Xa Xipn ™ Xu

N b1 (X) g N pa(X)

N™p(X)=9
Xi+p _Xi Xi+p+1_xi+l

)
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. n+9 .
UM =% N p (0 ©)
i=-9
The X 'S are known as nodes, the nodes are treated as knotdlocation B-
spline method where the B-spline basis functiors @&fined and these nodes are
used to make the residue equal to zero to determirk@mowns Ci 'S in (3).Nine

extra knots are taken into consideration besidesditmain of problem to maintain
the partition of unity when evaluating the ninthgdee B-spline basis functions at
the nodes which are within the considered domain.

Substituting the equations (3) to (6) in a&gon (1) for U (x) and derivatives of
U (x). Then system of (n+1) linear equations ardaoted in (n+9) constants.
Applying the boundary conditions to equation (2)gh¢ more equations are
generated in constants. Finally, we have (n+10jR&qnos in (n+10) constants.

Solving the system of equations for constamtd substituting these constants in
equation (3) then assumed solution becomes the krapproximation solution for
equation (1) at corresponding the collocation pmint

This is implemented using the Matlab progmang.

3. Numerical scheme
Example 1. A ninth order differential equation with boundargnditions [5] is
considered to test the performance of the proposeithod.

9
dy X
-y =-9%
dx9
with the boundary conditionsy (0) =1 y(1) =0 y (0)=0 y (@) =-e
y O=-1ly ®=-2ey ©0=-2y Q=-3y" Q=-3

The exact solution for the example = X (1 — X) eX
0.8

0.4r

B-spline collocation solution
—+— Exact solution

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 R:] 0.9 1

Figure 1: Comparison of ninth degree B-spline collocationusioin with exact
solution for 11 collocation points
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Nodes 0].1 2 3 4 .5 .6 N 8 ]

Absolute | 0 | 0.00 | .0010 | .0043 | 0.00597 | 0.0156 | 0.0154 | 0.0186 | 0.0130 | 0.0048
relative
EITOIS

Table 1: Absolute relative errors at nodes

The obtained numerical solution is comparédth whe exact solution which is
shown graphically in Figure 1. Absolute relativeogs are evaluated at different
node points and presented in Table 1.

Example 2. Let us consider the following equation.

d’y d'y dy d’y . dy
+ +X + +sinx—2 +
dx’® dx’ dx*  dx® dx y

=5XSinX —COS X + X? COSX — XSiN? X + SiNXCOS X + X COS X

with the boundary conditiony (0) =0 y (1) =cosl y (0) =1
y (1) =cosl-sinl y (0)=0 y (1) =-2sinl-cosl y" (0) =-3
y" () =-3cosl+sinl y¥ (1) =0

The exact solution for example 2 is given s XCO<X.

x 0 1 2 3 4 ] i) 7 8 9
Ninth  degree | 0.000 | .0995 | 1960 | 2866 | 3684 | 4387 | 4952 | 5354 | 5574 | .55%4
B-spline

collocation

solution

Exact solution | 0.000 | .0993 | 1960 | 2866 | 3684 | 4388 | 4932 | 5334 | 5574 | 5594

Table 2: Comparison of B-spline collocation solution withagex solution
Clearly from Table 1 we have seen that the B-sptiokocation solution values are

meeting with the exact values accurately. Absoligkative errors are presented
graphically in Figure 2.
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Absolute relative errors

_2 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8 1

Xz
Figure 2:

4. Conclusions

In this article, developed collocation method byngsthe ninth degree B-spline as

basis function in collocation method is applied rtimth order linear differential

equations with boundary condition problems. It iserved that obtained values are
very close to the exact values and further abscleittive errors are very less at the

nodes. This shows that the proposed method is tefee@nd useful to find the
numerical solutions for ninth order linear diffetieth equation with boundary value
problems.
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