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Introduction



The boundary value problem for one-dimensional parabolic equation:

ou O3*u
o T t<T.
oS5 =0, O<u<l, 0<tS

u(0,t) =0, wu(l,t)=0,

u(z,0) =u’(z), 0<z<lI.

(© Petr Vabishchevich The Third Russian-Chinese Workshop, September 11 — 13, 2013, Moscow, Russia



gyt gy =2y oy

T B h? =0

The stability:

1
< —hZ.
=3
The convergence:

2" < M(h* + 7).
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A red-black point-wise decomposition:

-} 0, ©—even,
Xi =N 1, i— odd.

ADI type scheme:

1/2 n+1/2 n+1/2 n+1/2
yi —Yi 'yz-+1/ — oy oyt - ,)y?+1—2y?+y%"’_1 0
T Xi B2 Xi B2 -
" +1/2 +1/2 +1/2 n "
y?“ —Y; y?+1 /2 Q?J? / + y?—l / yi—:_ll — 2y; 4 yi—+11
— Xi —(1=x:) = 0.
T h? h?

The convergence:

1
127 gM(hQJr (a—§>7+72+%>.
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n+1/2 n +1/2 +1/2 n n
Y /2 _ Yi y?—|—1 - y? X Yi —Yi—1 0
T h2 h2 ’
n n+1/2 n+1/2 +1 +1
Nt/ St | M it /S W
T h? h? '

The convergence:

1 2
2" ] SM(hQ—I— (0‘—§>T—|—7’2—|—%).
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Soviet period:

o V.K. Saul’yev, 1961, Asymmetric schemes
A.A. Samarskii, 1964, Alternating triangle method
o V.P. Il’in, 1967, Explicit ADI

West period:
o D.J. Evans, A.R.B. Abdullah, 1983, Group explicit method

Chinese period:

o G.W.Yuan, L.J.Shen, Y.L.Zhou, 2001, Yu Zhuang, 2005, Zhang Baolin, Li
Wenzhi, 2007, Parallel computing
o Wang Wen-qia, 2003, Convection-diffusion problems

(© Petr Vabishchevich The Third Russian-Chinese Workshop, September 11 — 13, 2013, Moscow, Russia



Alternating triangle method



The Cauchy problem:

@—I—Au:f(t), 0<t<T,
dt
u(0) = u®.

The triangular splitting:
A=A">0, A=A+ Ay, A =AJ.

1D problem:

Uij41 — Ug
(Alu)q, _— — +h2 ,
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Two-level scheme

+Ay” = ¢",
where
B=(E+o07A1)(E+0T7A>).
We have
B=FE+o01A+ 01?4, As,

A1As >0, A1As = (A145)* (B = B*).
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A necessary and sufficient condition for stability in H4 (Samarskii, 1967):

B> _LA.
2

For the alternating triangular method: o > 0.5.
An a priori estimate:

ly™ Hla < Ny lla + Tlle" .

The convergence:

A1 A —

1
||Zrn’||ASJW(hQ—I—(0——)7‘—|—72—|—T2 o

2

| du

)
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Modified alternating triangle method



Standard scheme

n+1 . n n+1 . n
(E+o0TA) J - J + 0272 A1 A J J + Ay" = "
Modification:
n+1 . n n+1 . n n __ ,n—l1
(E+orA)l——L 4 o?r2m, 4,0~ 22 0,0, 0 =y = pm

Another form:

n—+1 n n+1l 2" n—1
(F + O'TA)y vty
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The stability condition: o > 0.5.
The convergence:

2
A, 4,00

1
n 2 2 3
|z ||A§M(h +(a——)7‘+7‘ + 7 75

2

)

1D problem:

1 3
||zn||A§M(h2—|— (0—5)7—#7‘24—%).
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