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Abstraoct

In this paper, & class of DBDF methods with the derivative modifying term is presented. The form -
of the methods is - | |

g & dins g™ hf n+i'+ ﬂh’f :r't-lr

which ig of k-step and order k+1, Tha numerical stability of the new methods is much be
both Gear’s methods and Enright’s methods.

tter than

. § 1. Introduction

Since the famous thesis of G, Dahlquist——the order of any A-stable linear
multistep method cannot exceed 2, and the smallest error constani is obtained for
the trapezoidal rule was presented in 1963, the research of the numerical methods
for stiff systems has been divided into two clagses: 1) non-linear methods, such as
one-leg methods and implicit Runge—Kutta methods; 2) stiff-stable linear multistep
methods. The former is comparatively stable but more complex in computation
while the latter is simple in the consiruction but weak in numerical stability. C. W.
Gear introduced a class of backward differential methods (BDF) with a periect
program for automatic computation. Confined by the numerical stability, however,
.only the lower order methods can be used for highly oscillating systems, 8o it 18
inadequate for such problems. In this paper, we shall introduce a class of improved
BDF methods which has a modifying term using the second derivative. Being
assured of the zero-stability, the new methods have excellent absolute stability as
.compared with Gear’s methods and Enright’s methods which, as our new methods,

contain the second derivative.

§ 2. The Construction of DBDF Methods |

Following the notation in [B], we let D and F be the differential and
-displacement operator respectively, that is T
| Dy(e) =y (), Ey(z)=y(@+h) (1)
then the backward difference operator V satisfies
Vy (@) =y (@) —y@—h) =T —E)y(e)
.80 that
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V=I—-E1, (2
By the operator formu.la_ (see [B]), | |
L syl o |
hD=V -+ V42 Vo > 3 v (3)
we have a1
2 T3 4 .
| e § E ¢(j—4%) ol (4)
Using (8) and (4) we obtain immedmtely
272 }

where « i8 a real parameter. -
T:mnca.tmg the first £ terms of the right hand side of (5) and together with (2),

we have
hDE"+ah’D’E"=E"{(I E-=)+z‘,( _ 2 ST ﬁ))(I--E"I)’}-p;(E),

and thus we have constructed a class of modified BDF methods with derivative
modifying term, i.e, DBDF methods:

Eﬂ!yﬂi-hfn-{-ll_l'ahfﬁh ' | g | (6)
with its first characterlstw polynomial
p@=0{a-t+ [+ B slatyk @
It is easy to calculate the coefficients «; in (6)
X o
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Let Z[E: k] denote the diﬁ'erence operator of DBDF methods (6), that ig
L[E; b] =py(B) — hDE*— k3D E"

=B {AD+ah D"~ 2[5+ i v} -10m -

-—Ekfgu %_I_glﬁ(;‘ Er)}
~[ _}_1 + 2 T _@)](w)m IO,

Henca the error constani

P, W B
Y 5 Ry ¢ g gy © (8)

Theorem 1. DBDF methods () ¢3 of order k-1 3f and only ¢f a—-—(z jgl y ) 1.

Proof. By (8), DBDF methods (6) is of order k-1 if and only if Oy, =0, i.e.

s k+1 ~*
==& é(k+1—'e})) .




