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Abstract

W alisenss e practical determaination of st reginns when warinus Gxud- siop stz Futin-barson
mecthed i3 apoled po the delowine linear deiay differential equstion (DOE)
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Introduction

The basic formula investigated here nvolve a
strategy of adapting on Runge-Kutta (RK) methods
{ussing sequence variable step sizes) for the
ordinary differential equation=-

w{t)y= fii.u(r)

u(t,) = u,
with prescribed itial value, We assume thar it is
familiar with RK metheds (using a sequence of step
size hy) for (2), the concept of the thelr order and

internal  stage-orders, and . their representation
Burcher table of the form [1]
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We shall adapted the RE method for (2)
10 solve DDE (1) For this purpose ol the present
paper the step size are fixed and we restrict our
aftention Lo a lincar test eguation with fixed delay.

The genernl numerical srategy for (1)
reduces to invoking the numerical solution by an
RK process of a retarded RK method for solving a
DDE invalves
i) Choice of RK method.
i) Cholee af Interpolation method

Stability properties|1],]4]

Before we plol the region of stability of
Kuita-Merson method, we can assume that mh=1,
me |7 (positive integer)  .......eeees (3}
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Definition (1)
Let b=re'® and =0 in (1% A numerical method is
s2id 1o be J-Stable if under the condition
1) Befhi=d
5 )
2
the numerical solution }'r[—.]}j 0 as t,—= for all h
satisfies (3) 7
Lrefinition (2)

A numerical method applied to {1), is said
o be p-stuble if under the condition

Re(s)<-|b|

The numerical solution y,—0 as -« for all k
satisfics (3)
Definition (3)
1. Tlaan bare realin (1), then:
The region Rpla, b} in a, b-plane is called the
p- srabilicy region if for
any (&, b) sRpia, by, the numerical solugion of
(1) salislicsy,—» 0  ast,—x,
If a=0 and b are complex in (1), then;
The region RO(b] in the b-plane is called the
()-stubility region if for any b eRQ(b), the
numerical solution y, = {f as t,—>w
We can use the Kulla-Merson method o plol
the region of slabilily in sence of the
definitions ahowve,
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Stability of Kutta-Merson Method [1, [2]
If we use, the Kutta-Merzon method (with
e pta)

1
yisy(t ) —-h L, v
o |

1 1 ]
i lll'.":I"' —h F('m ’l-}'_ — h n: % ki h: b )
b F 6 Y 6 b B ¥

i

1 3 1
= Yl o bl )+ o B y),
o=l ol 50N 5 My

-

1 3 1
ys= ¥l — h fi, ¥t — h fig-=h, y2h
"EMZIf{L"chE ﬂj.”

1
K+ —h, y3)

FOCK . 1014 2677




1 2 1 1
=N tnl‘ i tn: i I h- n+ h: .,1-".‘- &+ !1
b L Mt o Bl
it~k v

To advance the numerical sohrior of TINE {1} w0
the point L. . the Kurma-Mersan method vields:
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termiwhich 3% cveluawd  using  interpolation
methads,

Waine coad tiens 133, and assemig that the
vahies of ths snluficn ard its derivative are stored
et corlier mesk vaints, then csing ermite
interpalation [2F to evaluat e delay tesm we et
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All she salutions of the difference cqualion {5 lend

to rern as nosac if all the reots of the characteristic

ezuation are jnthe unir circl,

The characteristic eguation of azove cquation is

given by
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Whan o and b are real, wo wiee e Nge-a {1 fhe o
staca lity rzgion loeme 1, 23,4, and compane 15 with
the stabilicy repion of the ODE (L) il g bplane.
Al the p-smability reeocns are coesed cegion, then
inlersst

TP a0 el T s conpla, we give i Heese
13y the Qrsmabilioy region for m=12.374, ard
eonyaer: U owilll stabilily ngien ot the DOE (1) n
e b-plene.




Tam-2
.-
-

e

Figure (1}: P-stability region of the Kutta-
Merson methad for solving DDE, with the
stahility region for the DDE (1) &, b real
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Figure (2): Q-stability region of Kutta-Merson
method for solving DDE, with the stability
region for DDE (1) a =0, and b is complex.

References

1.

]

Butcher, 1. C" The numerical snabysis of
ordinary  dilferential equation”, Chichester:
Wiley, 1587.

Dormand, ). R, &Prince, P_ J. “A family of
embedded Range-Kutta formula™, ). compute,
Appl.math §,19-26, 1980,

IN'T Hout, K. J. ™ A new inicrpolation
procedurs for sdupting Range-Kulta methaods
to defay differential equation”, 1992 BIT22,
32, 634-649,1991.

[M'T Houot, K J., & spukcr, M. N_* Srabiliry
analysis of nunerical methods for  delay
differential equation™. Mumer math. 59, B07-
ald,19%1,

10

L > = - q - I .
._,5 "—‘:'Ji‘ -'l.i_‘-l A B |}] o -\._L-\IJ.l LY \,'-3

H,._'-TI ot el Al el led e e

1o ) paity
2ty — aufe) 1 Lade 1) tz0
w(t)=dft} te0

Al o h ) Y R i S




