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Improvement of Sufficient Conditions for Stability of Discrete
Scheme*

Yang Qingmin )
(Hunan Computing Center ,Changsha, china)

A.A. Samarsky has given some sufficient conditions for stability. For the norm ||||, the
two layer scheme require B > ¢FE + 0.57 A, the three layer scheme require B > ¢E, where
(> 0) does not depend on r and k. In this paper for lower condition B > 0.57A4, B > 0,
we still obtain the correspoundent theorems . we use the definition and notation in [1].

1. Sufficient Conditions of Stability for Two Layer Scheme
Theorem 1.1 Assume the scheme
By:+Ay=¢ ,y(0)=wo (1)
be original scheme variety. If
B > 0574, (2)
then scheme (1) is stable and the solution of problem (1) has priori estimation

t

e+ 7)lg < fwolls + <53 6@, (3)

/=0
where A = e(r,h)A,e(r,h) > 0.

Theorom 1.2 Assume A = A* > 0 and

0>0000:~1—— 1 (4)
’ 2 Al
then scheme X
ye+ A(eY + (1 -0)Y) = ¢,y(0) = yo (5)

18 stable and has priori estimation (8).

Theorem 1.3  Assume A(t) = A*(t) > 0 and satisfy condition (4), them scheme (5) is
stable and has estimation

(e + )iz < llvollz + %(£r||A-l(t')¢(t')||2)%, (6)

ot + g < sl + 75 (3 o) am) ™)

t'=
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where A= ¢(r,h, t)E, A = e(r, h, t)8(r, h,t)E, &(r, h,t) > 0,5(r, h,t) > 0,
Theorem 1.4 Assume '

A(t) = A*(t) > 0, for all t € @,,
A(t)is Lipschitz continuous (8)
B(t) > 0, for all t € @,

and
B(t) > e(r,h)E + 0.57 A(t), for all t € w,, (9)

then the scheme (1) 1s stable and has priori estimation

. ;o -
MNaw < Myl 0 + = rlld)])z, 10
-+ My < MOy + 7532 1) (10
where My = €053t A(t) = e(r,h) A(t) (r, k) > 0.

Corollary 1.1  If the elements b;;(t) — 0.57a;;(t)(f,7 = 1,2,...,N) in B(t) — 0.57A(t)
are continuous or only have finite jump point of the first kind, then substituting condition
B(t) > 0.57A(t) for condition(9), the theorem 1.4 still holds.

2. Sufficient Conditions of Stability for Three Layer Scheme
Theorem 2.1 For scheme
By; + r*RYp + AY = ¢,Y(r) = Y1,Y(0) = Y, (11)

assume A = A* > 0,R = R* > 0, them under conditions B > 0,R > %A, the
scheme(11)is stable and its solution has priori estimation

Y (t+ 7)) < o)) + 7‘5(2 () IH)3, (12)

t'=r

where ||V (t + 7)|| = $(A(Y(t) + Y (¢ + 7)), y(t) + y(t + 7)) + (R - 1 A)we(2), :(t)),
R =¢(r,h)R,A = ¢(r,h)A, &(r,h,) > 0.

Theorem 2.2 Assume A(t) = A*(t) > 0, R(t) = R*(t) > 0, B(t) > &(r, h) E,A(t), R(t) -
%A(t) are Lipschitz continuous and

R(t) > iA(t),far all0 <t = nr1 < i, (13)

then the scheme (11)is stable and has estimation

17 (¢ +7)ligy < MY (o) + Ma( 78D, (14)

th=r1
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where
V(4 )l = 5 (AEO +o(t+ )yl +u(t+0) + (R - ZAO)(0), w (b)), (19)

-~ ’ ’
My = €05t M, = ﬁ,cs 18 a positive constant, £(r,h) > 0.

Theorem 2.3 Assume A(t) = A*(t) > 0, R(t) = R*(t) > 0, B(t) > &(r,h)E, A(t), R(t)

Lipschitz continuous and

1+4+¢
4

R(t) > A(t), for all0 <t =nr < 1y, (16)

where ¢(> 0) does not depend on 7 and h, then scheme (11) is stable and has estimation

t

IV (4 1)l gy < MY (7)llgy + Ma(3 rlls@)IDE, (17)

ti=r

— 2te
where (r,h) > 0, My = e237¢ sto M, = ﬁ

Corollary 2.1 If the elements b;;(t)(f,5 = 1,2..., N) in B(t) are continuous or only have
finite jump point of the first kind. then substituting condition B(t) > 0 for condition
B(t) > &(r, h)E, Theorem 2.2, 2.3 still hold.

REFERENCE

[1] A.A.Samarsky,Introduction to the Analysis of Difference Schenes, Moscow:Nauka,
1971(In Russian).

BERARENT S RN

w % R
B IEALG K8
=
AICYHT A A FEDIRETF1IIFHBRE TS0 &4, B &4 B=eE+0. 514, B8 )L
X B HER B>0. 574,8>0.

— 230 —

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



