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Abstract

This paper is concerned with the construction and Numerical Analysis of
Extended Exponential General Linear Methods. These methods, in contrast to other
methods in literatures, consider methods with the step greater than the stage order
(S>Q).Numerical experiments in this study, indicate that Extended Exponential
General Linear Methods perform better than existing Methods.
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1.0 Introduction
Our interest in this paper is to consider Extended general linear methods for the problem

      ,0,)( XxxyMxWyxy  Given  0y .        (1.1)

This paper dwells on the construction of extended exponential general linear methods (EEGLM) for the autonomous problem
(1.1) with S>Q. Butcher and Wright [1], Butcher [2] considered the case of general linear methods with S=Q, while Bazuaye
[3], Calvo and Palencia [4] considered general linear methods of S<Q.

For given starting values 110 ,, qyyy  , the theoretical approximation 1ny at ,1,1  qnxn is given by the

recurrence relation or formula
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The internal stages siYni 1, , are defined through         
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we assume throughout this paper that  these conditions   01 hLU k which implies 01 c and thus nn yy 1 are

satisfied.
The coefficients can be represented in a tablau as shown in Table1
Table1: The table of  coefficients of the extended Exponential General Linear methods(EEGLM)
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2.0 Order Conditions For The Extended Exponential General Linear Methods With S>Q.
Deriving the order conditions for the method (1.1), with S>Q, we assume the data to be sufficiently regular. In particular, we

require that the nonlinearity evaluated at the exact solution    )(tyMtf  is sufficiently often differentiable with

respect to x for Xx 0 .
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Expanding the functions in  (2.1)
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Substituting  where appropriate  into  (2.1) we have
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Substituting the exact solution values

  0,1,,  nsihcxyYyy inninn (2.8)
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Inserting (2.10) into (2.9)
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Similarly,
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inserting (2.13) into (2.12) gives

            




 

1

0

2
1

!2 n
i

nin
hLc

n
hLc

in xf
hc

xfhcxfehyehcxy ij 

     
 

     








 



msUxf
m

hc
xf

hc
n

m
m

i
n

ivi .
!2!3

1
2

)(
3

 (2.14)

Subtracting the exact solution from the numerical solution which denotes the defect (Zni) of the stages and expressing them in
terms of h we have
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where
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Likewise, the numerical solution defects equals
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Definition

Our numerical scheme (1.2) is said to be of stage order Q and order P if    1
1

1 00 
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requiring   0hLTli   0hLwand l [5-6], we obtain the order conditions
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and so by definition 11 c for all Si 1 .
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3.0 Construction of Extended Exponential General Linear Methods Oredr Five Step Two
Stage Order One

The extended exponential general linear methods order five step two stage order one (known as methods 521) is given as
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using the order conditions (2.19) and (2.20) to determine the coefficient matrix in (3.1) and (3.2)
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Solving the above equations (3.3) simultaneously we have:
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l -function defined below:

For integers 0l we define l as
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4.0 Numerical Experiments
In this section, we compare the accuracy of methods PSQ with S>Q with other  general linear methods.

Problem1.     )1,0(20,110 2 xwithyyy  with theoretical solution given as
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Fig 1: Comparing the accuracies of our method with EEGLM [3]  and Calvo and Palencia [4]
Our new scheme 521 exhibits remarkable improvement over  the scheme of EEGLM 523 [3] and Calvo and Palencia [4]

5.0 Conclusion
This paper has investigated Extended Exponential General linear methods with the step greater than the stage order, using
variation of constant formula. Its order conditions were derived. These order conditions form the basis for the construction of
methods S>Q. Experimental experience carried out in this study  reveals that our Methods perform better than the scheme
EEGLM 523 [3], Calvo and Palencia [4]

6.0 References
[1]. Butcher J. C. and Wright W. M. A. (2004) The Construction of Practical general Linear Methods BIT 45, 320 - 351.
[2]. Butcher J. C. (2001) General Linear Methods for Stiff Differential Equations, BIT 41, 240 - 264.
[3] Bazuaye F.E. (2014) Construction of Extended Exponential General Linear Methods of type 523. Journal of

Nigerian Association of Mathematical Physics. 28(2);493-496.
[4]. Calvo, M. P. and Palencia, C. A. (2005) A class of explicit multistep exponential integrator. Numer. Math. 15,203 -

241.
[5]. Fatunla, S. O. (1988). Numerical methods for IVPs in ODEs. Academic press, U.S.A.
[6] Lambert, J. D. (1973). Computational methods in ODEs. Wiley, New York.

Journal of the Nigerian Association of Mathematical Physics Volume 30, (May, 2015), 21 – 26

A GRAPH OF  C&P, EEGLM  WITH S<Q  AND  EEGLM S>Q524

0

0.005

0.01

0.015

0.02

0.025

0.01 0.02 0.03 0.04 0.05 0.06

MESHSIZES

ERRORS Series1
Series2
Series3


