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ABSTRACT 
 

This note is concerned of improvement in numerical solution for seventh order linear differential equation by 
using the higher degree B-spline collocation solution than its order. Numerical examples are used to study the 
improvement in the accuracy of the numerical solutions with the high degree B
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1. INTRODUCTION 
In this note we consider Septic and Octic B
value problem. 
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2. THE NUMERICAL SCHEME 

 Let ],[ ba be the domain of the governing differential equation and is partitioned as 

,1.........2,1,0{ xnxxxxaX 
)(xiN be septic B- splines with the knots at the points
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This note is concerned of improvement in numerical solution for seventh order linear differential equation by 
spline collocation solution than its order. Numerical examples are used to study the 

improvement in the accuracy of the numerical solutions with the high degree B-spline base function.
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In this note we consider Septic and Octic B-spline collocation methods for seventh order linear boundary 
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7,6 dd  are  constants. )(2),(1 xPxP , ),(3 xP

are function of x .     

be the domain of the governing differential equation and is partitioned as 

}bnx 
   

without any restriction on length of 

splines with the knots at the points ix , i=0,1,…n. The set     { 7N

August 2017  Page: 251 

www.ijtsrd.com  |  Volume - 1 | Issue – 5 

Scientific  
(IJTSRD) 

UGC Approved International Open Access Journal 
 

spline Collocation 
Solutions for Seventh Order Differential Equation 

 
Nachupally (kondagattu), Jawaharlal Nehru Technological University, India

This note is concerned of improvement in numerical solution for seventh order linear differential equation by 
spline collocation solution than its order. Numerical examples are used to study the 

spline base function. 

spline collocation methods for seventh order linear boundary 

)()(8 xQUxP           

7) d
                   

 

)(4), xP , )(6),(5 xPxP ,

be the domain of the governing differential equation and is partitioned as 

without any restriction on length of n sub domains. Let 
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7N } forms a basis for  functions defined over [a,b].Two more points should be included both sides for knot set   

to evaluate Octic B-spline over [a,b] to maintain the partition of unity property of B-splines. 

 Let     
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where iC ’s are constants to be determined  and )(, xN pi
 are the septic B-spline functions , be the approximate 

global solution to the exact solution )(xU of the considered seventh order linear differential equation (1). 

A zero degree and other than zero degree B-spline basis functions are defined at ix  recursively over the knot 

vector space },1.........3,2,1{ nxnxxxxX     as       
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where p is the degree of the B-spline basis function and x is the parameter belongs to X .When evaluating these 
functions, ratios of the form 0/0 are defined as zero                                                                        
Derivatives of B-splines 

 If p=7, we have

11

)(1,1
)(1,1

'

11

1)(1,
)(1,

')(,
'















ixpix

xpiN
xpiN

ixpix

xpix

ixpix

xpiN
xpiN

ixpix
ixx

xpiN

 

11

)(1,1
7

)(1,
7)(,







ixpix

xpi
viN

ixpix

xpi
viN

xpi
viiN                …………..                     (4)         







7

7
)(,)()(

n

i
xpi

viiNiCxviihU                                               …………...                  (5)                  

The six '  are known as nodes, the nodes are treated as knots in collocation B-spline method where the B-spline 

basis functions are defined and these nodes are used to make the residue equal to zero to determine unknowns 
siC '  in (2).Seven extra knots are taken into consideration besides the domain of problem when evaluating the 

septic B-spline basis functions at the nodes which are within the considered domain.  

Substituting the equations (2) and (5) in equation (1) for U (x) and derivatives of U (x).Then system of (n+1) 
linear equations are obtained in (n+8) constants. Applying the boundary conditions to equation (2) , seven more 
equations are generated in constants. Finally, we have (n+8) equations in (n+8) constants. 
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Solving the system of equations for constants and substituting these constants in equation (2) then assumed 
solution becomes the known approximation solution for equation (1) at corresponding the collocation points. 

This is implemented using the Matlab programming. 

3. NUMERICAL EXAMPLES 
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           ,1)0(',0)1(,0)0(  yyy ,4)1('',0)0('',)1(' eyyey   

          3)0(''' y  

The exact solution is  xexxy )1(   

Table1: Comparison of Seventh degree B-spline collocation solution with the Exact solution 

Nodes 0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1 
SBCS* 0 0.0995 

        
.1954 .2835 .3580 .4122 .4373 .4229 .3561 .2214 0 

Exact 
Solution 

0 0.0995 
        

.1954 .2835 .3580 .4122 .4373 .4229 .3561 .2214 0 

* Septic B-spline collocation solution 
 
 
 

 

Figure1: Comparison of Septic collocation solution with the exact solution 

 

Table2: Maximum relative errors of SBCS and OBCS for different number of nodes 

Number of nodes 11 21 31 
Max relative 
error SCBS 

1.5849e-005 8.2272e-006 5.5212e-006 

Max relative 
error OBCS 

3.5520e-007 8.9814e-008 5.5680e-008 
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Figure2: Comparison of maximum relative errors for SBCS and OBCS 

 

Conclusion 

A Septic and Octic degree B-spline functions are used 
as basis in collocation method to find numerical 
solutions for seventh order linear differential equation 
with the boundary conditions problem. It is observed 
that the Octic B-spline collocation solution gives the 
more accurate solution than septic B-spline 
collocation solution.The accuracy achieved by octic 
B-spline collocation method is done septic B-spline 
collocation method by taking much number of 
collocation points. 

References 

[1] Hughes, T.J.R., Cottrell, J.A. and Bazilevs, Y. 
‘‘Isgeometric analysis: CAD, finite elements, NURBS, 
exact geometry and mesh refinement’’, 
Comput.Methods Appl. Mech. Engg., 194(39–41), pp. 
4135–4195 (2005).

    
[2] David F.Rogers and J.Alan Adams,   
“Mathematical Elements for Computer Graphics”, 2nd 
ed., Tata McGraw-Hill Edition, New Delh. 
[3] C. de Boor and K. H¨ollig. B-splines from 
parallelepipeds. J. Analyse Math., 42:99–                    
15, 1982

               
[4] Abdalkaleg Hamad, M. Tadi, Miloje Radenkovic 
(2014) A Numerical Method for Singular Boundary-
Value Problems. Journal of Applied Mathematics and 
Physics, 2, 882-887. 

  
 
 
[5]. Joan Goh_, Ahmad Abd. Majid, Ahmad Izani 
Md. Ismail (2011) Extended cubic  uniform   B-
spline for a class of singular boundary value 
problems. Science Asia 37  (2011): 79–82 

[6] I. J. SCHOENBERG Contributions to the problem 
of approximation of equidistant   data by analytic 
functions, Quart. Appl. Math. 4 (1946), 45-99; 112-
141. 

            [7]. H. B. CURRYA ND I. J. SCHOENBERG On 
Polya frequency functions IV: The     fundamental 
spline functions and their limits, J. Anal. Math. 17 
(1966), 71-107. 

            [8]. CARL DE BOOR On Calculating with B-plines. 
JOURNALO F  APPROXIMATION TH- 
EORY6, SO-62 (1972) 

            [9]. Y.Rajashekhar Reddy.(2015) Solutions To 
Differential Equation Using B-Spline Based   
Collocation    Method. International Journal of 
Scientific Research and Engineering  Studies 
(IJSRES) Volume 2 Issue 4, April 2015 ISSN: 2349-
8862 

            [10]. P.kalyani,M.N.Lemma solutions of seventh 
order boundary value problems using  ninth 
degree spline functions and comparison with eighth 
degree spline  solutions,JOURNAL OF Applied 
Mathematics and physics 2016,4,249-261. 

10 15 20 25 30 35
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
x 10

-5

Number of nodes

Max Relative Errors 

 

 
Max relative error for SBCS
Max relative error for OBCS


