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ABSTRACT

This paper introduces a new approach for constructing higher order of EEGLM which have
become very popular and novel due to its enviable stability properties. This paper also shows
that methods 524 is stable with its characteristics root lies in a unit circle.

Numerical experiments indicate that Extended Exponential General Linear Methods perform

better than existing Methods.
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INTRODUCTION

The inspiration of this paper is drawn from
the paper of Osisiogu and Bazuaye (2014)
which gave a general framework for the
construction of extended exponential
general linear methods. We are interested in
the problem

y'(t)=My(t) + G(y®), 0 <t<T,
Given y(0). (1.1)
have attracted a lot of interest.
For given starting values y,, y,,---y,,, the

theoretical approximation vy, at time

t...,N<qg-1, is given by the recurrence
relation or formula

Jos = €Y, +HYBAUN(Y,) + bV, (LN(y, .
(1.2) Ii

The internal
defined through

1<i<s , are

n’

stages Y

q-1

i-1
Y, = ey, +hY A (UN(Y, J+hY U P (LN(y,.,)
1

k=1

i-1 -1
+ 02> A@ (hL)N'(Y,, )+ hquuif-> (hLN'(y, )
=1 k=1

Ynl = ynl = yn
(1.2)

Construction of Extended Exponential
General Linear Methods Order Five Step
Two Stage Order Four.

The extended exponential general linear
methods order five step two stage order four
(known as methods 524) is given as
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yn+l =

Y,

+ WUDN(Y, ) + hUZIN(y, ) + h*UIN'(y, )

ehLyn + hBlN(Ynl) + hBZN(YnZ) + h\/lN(yn—l) + hVZN(yn—2)+ hVBN(yn—S)

n2 = eCZhLyn + hAZlN(Yn) + huz(ll)N(yn—l) + huélz)N(yn—Z) + huél3)N(yn—3)+ thiEZ)N,(yn)

2.1)

(- )3 (2) 0, 30
C1 (1) ( 1)1U 511) " (—2)1U élz) n (—3)1U 2%,) A21 3 Uy + 3 Uss ‘Cz‘//5<C2hL)
+ (COUE + (2°UF + (31U = v,
lu(l) 16u(1) 8:I'U(l)
TR IR TR T
P WU sy g
1o _ 8o _ o _
(2.2) 3|U21 3!U22 3 —Uz = s (2.5)
e, e, EF e €, Dy, (0, (3
2l 2! Uz 2! 2 ® g 51 Uzt 51 Uz 51 Uz
“D'UR + (-2UY + (-3U = hL -2)" -3)*
+(-D'UyY + (20U + (-3 Uy, CzV’a(Cz ) (j;) U21 n (jl) U;;) + (j) U§§)=C§w6(CzhL)
SUS 208 + Ul
2 2 Ui R0 280
—Ug) +-205 —305) =y, (2.3) 5 5 * &
c? ~1) -2)} -3)° lyo 1850 , 8l e _
?1! (11) + —( 3!) Uéll) + (3!) Uz(lz) + (3!) U2(13) EUM a1 —U,;;, + a1 —U;;, =¥, (2.6)
-1y -2)? -3)° ( 1) ( 2) uo (—3)6 o)
+ ( 2!) U + (3!) U + ( !) uQ = C;l//A(CZhL) 6' 6l Uy 6l Uz + 6l Uzs

1 8 27 (-1° (-2)° (-3)°
L HShug s Elug  Elug —cieiny)
1 4 9
+=UP + U5 + U = 2.4
T N ¥, (2.4) 1 0O 4 64U(1) 729U(1)
6 2 6! 6!
Az = 1) L2 e,
1 - 21 4 22 4 23
1 32 243
:guéi) g —ug —?Ug) oz (2.7)
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Similarly, 4 4 1) _9)4 _3)4

y R A /A
B +GB + (DN, + (Y, + (Vs =) A4 4 oo
B, + B, +V, +V, +V; =y, (2.8) B, + Y + 16V, +% =y (2.12)

24 24 24 24 5

1 1 1 1 'V

6B +GBy + (Vi + (Ve + Ve v gilifying, (2.2) to (2.12), we have
B, —V, — 2V, -3V, =y, 2.9) .
B, = 6(6401 +5¢, ~10¢, —30¢, —24¢;)
¢B OB (DY (DY, (DY, _

v 1

2 2 2 2 2 : B, =15 (3, +110, +18p, +120)

1 1., 4, 9. n
A%y Ve ROy s enizpi120) @13)
¢’B, ¢B, DV, (2%, (3% 1
R L+ Z 4 3=y, V2:€(3¢2+2¢3_18¢4_25¢5)

33 3 3 3

1

B_Z_\i _%_zvs :!//4 (211) VS_E(_¢2_¢3+6¢4+12¢5)

6 6 6 6
Also,

U = 2—33 (6¢, + 44¢, +157 ¢, + 3360, + 4200, + 240¢,)

us = % (660, + 277 ¢, +692¢, + 936¢, + 4809, —120¢,)

us = % (78, +1124 ¢, + 2961¢, +1608¢, —5580¢, — 7920¢,)

(2.14)
U =2 (189, + 63p, +126p, +157p, +110p, +30p,)

U» = % 99, — 3¢, — 60, +136¢; + 400¢, + 3609, )

u® = é(e% +67¢, +180¢, +129¢, — 2700, — 450¢,)

Stability Analysis of Methods 524

We recall the Scheme given by

Yo =€y, +hB,(hL) N(Y,,) + hB,(hL) N(Y,,)+hV;N(y,_,). (3.1)
Ynl = yn
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Yn2 = eCZhLyn + hAZl(hL) N(yn) +hU2(%L) N(N(yn—l)'i_h2 (i)(hL)Nl(yn)-i_

3.2
h2AZPN(N(y,) +h*U I N(N(Y,,) 2
Again the first characteristic polynomial is given by
yn+1:ezyn (hl:z)
Yo _ezyn =0
dividing through by y,
Yoa €V _g
Yn Yn
r-e’=0 (3.3)
{I’ll
5 = —
|
3
2
I
| 1.0 105 0.0 0.5 1.0 1.5 2.0

The stability graph of order five step two and stage order four scheme using MATHEMATICA

The graph shows that the method is zero stable since the first characteristic polynomial lies in
a unit circle.

The stability matrix is
M(z) =€’ +ZB, + ZB,e* +Z?B,AYx +Z°B,a,,” +Z°B,U,,” +Z*BU a4 2V,
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D (/1 -0 0 0 0 0 0 0 0 0
et(21 - M(2)) = [Detly 3 .(2) -1 3., - 2. .0 -1 20,0 -y
°byasy’ 0 °bUs7 0 2°bya5{ 0 2°bUss 0
99
=N, —y—
171002 100"
9912 992 1N 993 ()3 A (2) 993 0]
0 +A 2/12b1——/12b2 100 b2a21—mz b2a21 b2a21b1 b2a21b1 bza21

99
B At Bl DAl ) ol Bt

3 (1) 4 (2) 3, (2)
= 22Ny —Z ag boVy = Z any boVy —Z UgybyVy -2 b2U21 v (34)

inserting the values of the coefficients in we have

410958692122 5199072165506723 1492881584427924 994 163473z4 /12
- - - - - +

2500000000 25000000000000 50000000000000 50 500000

(3.5)

Solving equation (3.5) we have

5445000000000 + 1798203000000z + 9280878834050z 2
3300000+ 544910z — /2 3 4

10000000 11553493701126z" +1658757316031z

5445000000000 + 179820300000z + 9280878834502° +
= ————( 3300000+ 544910z +/2 3 4
10000000 115534937011262° +165875731831z (3.6)

The graphs are shown below
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The stability graph of for order five step two and stage order four (524) Scheme using
MATHEMATICA. The interval between (-2.3,-0.5)
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Numerical Experiments

In this section, we illustrate theoretical
results given in section two, accuracies of
524 methods.

Problem
y'=-10(y —1)%, y(0) = 2 with ts[0,1]

2+10t

Exact solution: y =
1+10t

A GRAPH OF EEGLM 524 AND CERK
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The results obtained via our propose scheme 524 is very impressive.

This paper has investigated the construction
of Extended Exponential General linear
methods of 524 with its stabilities. Stability
analysis show that the method is zero stable
with its characteristics root lies in the unit
disc.

Experimental experience reveals that our
Methods perform better than the already
existing ones.
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