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Historical review

The alternating Schwarz method is the earliest domain decomposition method invented
by H.A. Schwarz in 1870 (About a border crossing through an alternating procedure).

Ueber einen Grenzitbergang durch
alternirendes Verfahren.

Von
H. A. Schwarz.

(Aus einem am 30. Mai gehaltenen Vortrage.)

Die unter dem Namen Dirichlet’sches Princip
bekannte Schlussweise, welche in gewissem Sinne
als das Fundament des von Riemann entwickelten
Zweiges der Theorie der analylischen Funktionen an-
gesehen werden muss, unterliegl, wie jetzt wohl all-
gemein zugestanden wird, hinsichilich der Strenge
sehr begriindeten Einwendungen, deren vollstindige
Entfernung, soviel ich weiss, den, Anstrengungen der
Mathematilker bisher nicht gelungen ist.
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Historical review

Problem: Show existence of harmonic functions
Ay =0 inQ, y=g ondQ.

Available tools: Fourier (1807) for rectangular domain Q and Poisson (1815) for
circular domain €.
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Historical review

Problem: Show existence of harmonic functions
Ay=0inQ, y=g ondf.

Available tools: Fourier (1807) for rectangular domain Q and Poisson (1815) for
circular domain €.

A door handle type domain Q

Prove convergence of this iterative method with maximum principle.
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Interpretation and illustration
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Interpretation and illustration

Domain: Q = Q; UQ,
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Interpretation and illustration

Domain: Q = Q; UQ»

Ql rl QZ
Ay =0 in Qi,
yvi=g on dQ Ny,
=y on
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Interpretation and illustration

Domain: Q = Q; UQ»

Ql r2 QZ
Ay; =0 in Qo,
vi=g on 9Q N,
¥ =yi on I
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Interpretation and illustration

Domain: Q = Q; UQ,

Ayf =0 in 4, Ayzz =0 in Qy,
yf:g on 90N Qy, yf:g on 9Q Ny,
¢ -1 ¢ ¢
i=»>x on Y2 =N on I
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Towards a computational tool

e Miller (1965): Numerical analogs to the Schwarz alternating procedure.

e Dryja and Widlund (1987): An additive variant of the Schwarz alternating method
for the case of many subregions.

e Lions (1988,1989,1990): On the Schwarz alternating method |, 11, IlI.

e Quarteroni and Valli (1999): Domain decomposition methods for partial
differential equations.

e Smith, Bjorstad and Gropp (2004): Domain decomposition: parallel multilevel
methods for elliptic partial differential equations.

e Toselli and Widlund (2006): Domain decomposition methods-algorithms and
theory.

e Dolean, Jolivet and Nataf: An Introduction to domain decomposition methods:
algorithms, theory, and parallel Implementation.

Some domain decomposition methods: alternating Schwarz, parallel Schwarz,
optimized Schwarz, Dirichlet—-Neumann, Neumann—Neumann (BDD), FETI
(Dirichlet-Dirichlet), ...
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Alternating Schwarz method

Problem:
-y =f inQ2=(0,1),

y(0)=0.1, y(1)=0,
with
,_[5 ifoa<x<or,
T 10 else.
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Alternating Schwarz method

Subdomains: Q; = (0,0.57) and Q> = (0.38,1) with an initial guess: y?(0.57) = 0.

Alternating Schwarz method, iteration=1
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Alternating Schwarz method

Subdomains: Q; = (0,0.57) and Q> = (0.38,1) with an initial guess: y?(0.57) = 0.

Alternating Schwarz method, iteration=2
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Alternating Schwarz method

Subdomains: Q; = (0,0.57) and Q> = (0.38,1) with an initial guess: y?(0.57) = 0.

Alternating Schwarz method, iteration=3
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Alternating Schwarz method

Subdomains: Q; = (0,0.57) and Q> = (0.38,1) with an initial guess: y?(0.57) = 0.

Alternating Schwarz method, iteration=>5
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Alternating Schwarz method

Subdomains: Q; = (0,0.57) and Q> = (0.38,1) with an initial guess: y?(0.57) = 0.

Alternating Schwarz method, iteration=10
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Convergence analysis

Problem:
—Owy=1f inQ2=(0,1),

y(0)=g, y()=g-

Subdomains: Qi = (0, b) and Q = (a,1) with b > a, and an initial guess: y2, we
solve

—Oeyi =f inQi,  —Oays=f inQ,
yi(0) =g, (1) =g,
yi(b) = ys '(b), ¥s(a) = yi(a).
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Convergence analysis

Problem:
—Owy=1f inQ2=(0,1),

y(0) =g, y(1)=g-
Subdomains: Qi = (0, b) and Q = (a,1) with b > a, and an initial guess: y2, we

solve
- XXYf =f inQy, —5'xxy§ =f inQy,
yi(0) =g, (1) =g,
yi(b) = ys '(b), ¥s(a) = yi(a).

Denote the error eje =y — yf that satisfies

—Oet =0 in Q, —Oner =0 in O,
e{ (0) =0, es(1) =0,
ei(b) = e, }(b), ez(a) = ei(a).
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Convergence analysis

Denote the error e =y— yJ that satisfies
—Onef =0 inQy,  —Oues =0 inQ,
e (0)=0, es(1) =0,
ei(b) = e '(b), e(a) = ei(a).

Analytical solutions: ef(x) = C{x and ef(x) = Cf(x — 1).
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Convergence analysis

Denote the error e =y— yj that satisfies
—Oxel =0 InQi, —Oues=0 inQy,
e (0)=0, es(1) =0,
ei(b) = e '(b), e(a) = ei(a).

Analytical solutions: ef(x) = C{x and ef(x) = Cf(x — 1).

Evaluation of the coefficients C{ and Cj:

-1 P
¢_ & (b) ¢ ei(a) -1 1 a
G = b C2_a—1 (b)a—lb'

The convergence factor

es(b) = p(a, b)e; (b), p(a,b) :=
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Convergence analysis

Denote the error e =y— yj that satisfies
—Oxel =0 InQi, —Oues=0 inQy,
e (0)=0, es(1) =0,
ei(b) = e '(b), es(a) = ei(a).

Analytical solutions: ef(x) = C{x and ef(x) = C5(x — 1).

Evaluation of the coefficients C{ and Cf:

01 0
¢_ & (b) o_e(a) _ e 1
G = P Cz—a_l—ez (b)a—l

ol v

The convergence factor

—ba
1—ab

ex(b) = p(a, b)e; '(b), p(a,b) :=

(i) The alternating Schwarz method always converges when b > a.
(ii) The larger the overlap size b — a, the better the convergence.
(iii) The alternating Schwarz method does not converge when a = b !
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Parallel Schwarz method

Subdomains: Q; = (0,0.57) and Q> = (0.38,1) with an initial guess: y?(0.57) = 0.

Alternating Schwarz method, iteration=10
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Parallel Schwarz method

Subdomains: Q; = (0,0.57) and Q, = (0.38,1) with two initial guesses: y2(0.57) =0
and y7(0.38) = 0.

0.35 Parallel Schwarz method, iteration=1

y(z)
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Parallel Schwarz method

Subdomains: Q; = (0,0.57) and Q, = (0.38,1) with two initial guesses: y2(0.57) =0
and y7(0.38) = 0.

Parallel Schwarz method, iteration=2
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Parallel Schwarz method

Subdomains: Q; = (0,0.57) and Q, = (0.38,1) with two initial guesses: y2(0.57) =0
and y7(0.38) = 0.

Parallel Schwarz method, iteration=>5
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ini

= (0,0.57) and Q, = (0.38,1) with two

Subdomains:

and y7(0.38) = 0.
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Parallel Schwarz method, iteration:
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Parallel Schwarz method, iteration:
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Convergence analysis

Problem:
—Owy=1f inQ2=(0,1),

y(0)=g, y()=g-

Subdomains: Q; = (0, b) and Q, = (a,1) with b > a, and two initial guesses: y{ and
y2, we solve

- xx)’fZ =f inQy, — xxyze =f inQy,
yle(o) = 8, yZZ(l) = &r,
yi(b) =y, }(b), v(a) =y '(a).

The error ef =y — yf satisfies

—8xxef =0 inQy, —8xxef =0 in Qo
ef(0) =0, es(1) =0,
ei(b) = e, }(b), ex(a) =/ '(a).

The convergence factor is now
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Alternating Schwarz method, iteration=0
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Alternating Schwarz method, iteration
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Alternating Schwarz method, iteration
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Alternating Schwarz method, iteration=10
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Model problem

For y € L*(@), v > 0 and v > 0, minimize the cost functional

1 N ¥ N v
J(y,u) = §||y - Y||i2(o) + §||)’(T) - }’(T)Hiz(sz) + §||U||z2(n),

subject to
Oy — Ay =u
y=0
y=Xx
with Q C R".

inQ:=(0,T)xQ,
onX:=(0,T) x99,
on X := {0} x Q,
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Model problem

For y € L*(@), v > 0 and v > 0, minimize the cost functional

1 N ¥ N v
J(y,u) = §||y - Y||i2(o) + §||)’(T) - }’(T)Hiz(sz) + §||U||z2(n),

subject to
Oy—Ay=u inQ:=(0,T)xQ,
y=0 onX:=(0,T)x 99,
y=xy onXg:={0}xQ,
with Q C R".

Lagrange multipliers method

L(y,u,A) = J(y,u) + (Ory — Ay — u, \).
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Model problem

For y € L*(@), v > 0 and v > 0, minimize the cost functional

1 N ¥ N v
J(y,u) = §||y - Y||i2(o) + §||)’(T) - }’(T)Hiz(sz) + §||U||z2(n),

subject to
Oy—Ay=u inQ:=(0,T)xQ,
y=0 onX:=(0,T)x 99,
y=xy onXg:={0}xQ,
with Q C R".

Lagrange multipliers method
‘C(y>ua)‘) = J(yvu) + <8ty - Ay - u’)\>'

First-order optimality system:

Oy —Ay=u inQ, N+ AN=y — ¥ in Q,
y=0 in X, A=0 in X,
Y=y in X, A=—(y—y) inXr:={T}xQ,

“A+vu=0 inQ.
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Model problem

For y € L*(Q), v > 0 and v > 0, minimize the cost functional

1 R ¥ . v
J(y,u) = §||y - Y||i2(o) + 5”)’(7—) - y(T)”iZ(Q) + §||U||i2(9)»

subject to
Oy —Ay=u inQ:=(0,T)xQQ,
y=0 onX:=(0,T)x 99,
y=yo onXy:={0}xQ,
with Q C R".

Lagrange multipliers method
‘C(y>u7)‘) = J(yvu) + <8ty - Ay - u’)\>'

First-order optimality system:

Oy —Ay=u inQ, AN+ AN=y — ¥y in Q,
y=0 in X, A=0 in X,
Y=y in X, A=—(y—-y) inXr={T}xQ,

“A+rvu=0 inQ.
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Model problem
For y € L*(Q), v > 0 and v > 0, minimize the cost functional

1 R ¥ N v
J,u) = Sl = 9l + TIT) = HT) ey + el

subject to
Oy — Ay =u inQ:=(0,T) xQ,
y=0 onX:=(0,T)x0Q,
y=yo onXy:={0}xQ,
with Q C R".

Lagrange multipliers method
Ly, u,A) = Iy, u) + (Ory — Ay — u, A).

Reduced optimality system (forward-backward):

By — Ay =v A in Q, IN+AAX=y—§ in Q,
y=0 in X, A=0 in X,
Y= in Xo, A=—(y—-y) inZXr.
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Dirichlet-Neumann Waveform Relaxation

t
Th--mmmmm o -
I
I
I
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I
I
I
I
I
|
%% L x
Space-time domain: Q@ = (0,L) x (0, T),
Oty — Oy = V1N, IN+ X =y —7,
y(0,t) =0, A0, ) = 0,

}/(La t) =0, ( )
y(x,0) =y(x), AL T)+w(x, T)= ’Y)’(X 7),
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Dirichlet-Neumann Waveform Relaxation

t

T______________T _____________ A
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! |
! 1

00 @ L x

Subdomains: Q1 = (0,«) x (0, T) and Q = («, L) x (0, T),
Ay — Oy =V, IN+0uA =y — 9,
y(0,t) =0, A0,t) =0,
y(L,t) =0, AL, t) =0,

y(x,0) =y(x), Al T)+y(x, T) =79(x, T),
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Dirichlet-Neumann Waveform Relaxation

t
e .
1
1
1
1
|
Q1 Q2 !
1
1
1
1
1
:
00 « L x
Subdomain: Q; = (0,«a) x (0, T),
Oeyi — Bayi =V AL, DML + Dol = yi — 1,
y(0,t) =0, A0, 1) =0,
yf(oz, t) = yffl(oz, t), /\f(a, t) = /\gfl(a, t),
¥1(x,0) = y1,0(x), A(G T) +9yi (x, T) = y9(x, T).
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Dirichlet-Neumann Waveform Relaxation

Q1 @

0

0 « L x
Subdomains: @ = («a,1) x (0, T),

Deys — Oxeys =V A, DeNs + Dods = ya — 9o,
Byi(a, t) = duyl(on t), ANs(a, t) = DN (a, t),
v (L) =0, X(L,t) =0,
Y2 (x,0) = y2.0(x), X306, T) 4+ 7y2 (x, T) = 792(x, T).

Liu-Di LU (UNIGE) Séminaires Math et Applications



Time domain decomposition

t
Th---mmmmmmee e, pmmmmmmm - -
)\I I
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Space-time domain: Q@ = (0,L) x (0, T),
Oty — Oy = V1N, O+ OuA =y — 9,
y(0,t) =0, A(0,t) =0,

}/(La t) =0, ( )
y(x,0) =y(x), AL T)+w(x, T)= ’Y)’(X 7).
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Time domain decomposition

t

) TS S == mmm e n .
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0 L x

Subdomains: Q; = (0,L) x (0,a) and @ = (0,L) x (a, T),

Oty — Oy =1 1A, IN+ A=y — 9,

y(0,t) =0, A(0,t) =0,

y(L,t) =0, A(L, t) =0,

}/(X>0):}/O(X)7 A(X7 T)+7y(xv T):’Yy()@ T)
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Time domain decomposition

t
Tp---=--=--=--=-=-----+ jmm - - 1
A2y |
h 1
Q2 |
1
1 ? I
(0% 1 T
)\1:
Q1
A
0 11
0 L x

Subdomain: @ = (0, L) x (0, «),
Oeyi — Doyt =V AL, OeA] 4 Ol = y1 — 1,

yi(0,t) =0, A (0,t) =0,
yi(L,t) =0, M(L, t) =0,
¥1(x,0) = yo(x), M(x, a) = A5 (x, @),
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Time domain decomposition

t
T T
)\2:
Q2
1
12
« L . !
Al: I
v |
@ |
. |
1y1 :
00 L x
Subdomain: Q> = (0,L) x («, T),
afy2£ - 8xxy2e = Vﬁl)\g, at)\g + 8XX/\§ = yQE — _)'}2,
%2(0,t) =0, A5(0,t) =0,
ys(L,t) =0, As(L, t) =0,

deys (x, @) = Doyl (x, @), As(x, T) +ys(x, T) = va(x, T).
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Semi-discretization

Reduced optimality system:

o () + (5 5n) = (%),
Y('vo) = yo('),
MG T)+y(, T) =9(, T),

in (0,L) x (0, T)
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Semi-discretization
Finite difference discretization: —8 ~ A € R"*",
y A N (y\ _[0) .
) 7)) =(5) mem

y(O) = yOa
A(T) +yy(T) =~59(T7),
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Semi-discretization

Finite difference discretization: —8 ~ A € R"*",

0 Q) -(3) o
¥(0) = o,
A(T) +y(T) =9(T),
Diagonalization: A= PDP~' and D = diag(ch, ..., d,),
)+ (4 ) ()= (%) mem
wi(T) + vzz(TO; _ 'ZYOZ(T)

with z= P~ 'y, 2= P!y and u = P7'X. So n independent 2 x 2 systems.
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Semi-discretization

Finite difference discretization: —8 ~ A € R"*",

() )R- (5) ren
y(0) = yo,
A(T) +yy(T) =~9(T),
Diagonalization: A= PDP~! and D = diag(d, . .., dn),

)+ (4 ) G)= (%) men
z(0) = 2,i,
pi(T) +~zi(T) = 72(T),
with z= P~ 'y, 2= P!y and u = P7'X. So n independent 2 x 2 systems.
Second-order ODE:

% —otzi=—v 1% in (0, T),
zi(0) = zo,,
#(T) +wiz(T) = v 'y2(T),
with o; := W wj = V_l"y +di and Bi :=1 — vd;.
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Semi-discretization

Finite difference discretization: —8, ~ A € R"*",
y A v U\ (y\ _[0) .
(4 Q) -(3) won
y(o) = yOa

A(T) +vy(T) =~¥(T),
Diagonalization: A= PDP~! and D = diag(d, ..., dn),

()-(4 %) () (%) mom

zi(0) = z,i,
ni(T) +~zi(T) = v2(T),
with z= P~ ly, 2= P71y and u = P7'X. So n independent 2 x 2 systems.
Second-order ODE:
jii — oF i = —(2 + diz) in (0, T),
1i(0) — dipi(0) = z0,i — 2(0),
Yi(T) + Bipi(T) = 0,

with oj == /d? + v~1, wj == v iy +diand B :==1—~d:.
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Transformation

0

I Q
z1 122,
— S
0 : T
__4 PR
Hi,i! H2,i
Dirichlet: ) ) )
Zl’, d, —v 217,'
(uf,,) * (—1 —dj ) (uﬁ) a (0) n
zle,i(o) )
/‘f,i(a) = fof;la
Update:

foi=1—0)fi " +0us,(a), 6¢€(0,1)
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Transformation

0

I Q
z1 122,
— S
0 : T
__4 PR
Hi,i! H2,i
Dirichlet: ) )
2 d v~ i .
(uf,,) * (—1 —dj ) (uf:) a (0) n
zf’,-(O) = 07
/‘f,i(a) = fof,_fla
Neumann: . ) )
22,:‘ di —v- 227,' _ 0 .
(o) (% 20) (i) = (0) e
Z.ZZ,i(a) = Zf,i(a)v
115,/(T) +72,(T) =0,
Update:

foi=1—0)fi " +0us,(a), 6¢€(0,1)
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Transformation

0

I Q
21,0 \22,i
— R
0 : T
-4 PR
Hi1! Hi,2
Dirichlet:
Zi— O’,Zf,; =0in Q,
zly,-(O) = 0,
#i(a) + dizi i(a) = £,7,
Neumann:
7, —o0tzy; =0in Q,
Z':f,i(a) = Z'f,i(a)7
2 (T)+wizs (T) =0,
Update:

foi= 10" +0(2,(a)+ dizs ().
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Transformation

Q |
: | Q2
2 22
0 : T
——-d -
it i2
Dirichlet:
ﬂf,i - 0':'2/1'{,:' =0in,
12i(0) — dipi(0) =0,
/J‘f,i(a) = f(f;l7
Neumann:
fis,; — ofps; = 0in Qo,
fiz,i(@) = difig,i( ) = jiri(@) = dijiz (@),
it (T) + Bisf (T) = 0,
Update:

fii=@Q -0 +0us(a), 6€(0,1)
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Transformation

)+ (5 ) ()= () mee
z(0)=0,
pii(a) = f;l,
() (% 2) Ci) = () oo
#i(@) = (),
/'Lg,i(T) + ’YZzZ,i(T) =0,

foi=1—0)fi " +0us,(a), 6€(0,1)
Two observations:
(1) Three systems are equivalent, so same convergence using z or u;

(2) Not anymore a "DN" algorithm, and forward-backward structure is less important.
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Variants of DN and ND algorithms

t
Th---mmmmmmee e, pmmmmmmm - -
)\I I
\I, I
I
@ :
I
17 I
OF - == = - - - - - == —————— === .
71 |
¥ I
Q i
N |
. Y !
0 L" x
Space-time domain: Q@ = (0,L) x (0, T),
Oy — Ay = v, ON+AA=y—7,
y(0,t) =0, A0, t) =0,
y(L,t) =0, A(L, t) =0,

y(x,0) =yo(x), A T)+y(x, T) =9(x, T).

Liu-Di LU (UNIGE) Séminaires Math et Applications



Variants of DN and ND algorithms

Category | (931 | Q, | type
Hi Zi (DN)

o zi + diz; Zi (RN)
(z,, Hl) I Z; (ND)
Zi + diz; Zi (RD)

Zj 2; (DN)

. Zj 2{ (DN)

“i Z Z (ND)

Z; z; (ND)

Wi i (DN)

) zi+dizi | z+ diz; (RR)

H fi i (ND)
Zi+dz | zi+dizi | (RR)
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Comparaison of two DN variants

Natural Dirichlet—=Neumann (DN, ):

0 5 -1 ‘. 5L A _p1 L
zlel 4 di v 214" (9 o, Z2EI n d; v zze,, 0) . o,
M -1 —d; i 0 Ha, i -1 —d; Ha,i 0

2z ,(0) =0, z (@) = 2 (),

py (o) = o7t 115 (T) + 25 (T) =0,

fo =1 = 0)f +0pus (a).

a,i

Dirichlet—-Neumann at two levels (DN,):

N -1 y ) -1
i di - i 0 i d - 0
?12,1 + i v 215, _ in Q1, ?ze,, + i v in Qo
M -1 —d; i 0 Ha, i -1 —d; 0
N
21,

z,,(0) =0, ( >= (@),
Zle,i(a) fa[,lv HZ!(T)J’_’YZZV( )=

£ = (L= )it + 0z (a).

i

Forward—backward structure can always be recovered !

¢ -1 ¢ -1
7 () =1 = 1‘1 i(@) = dipy () = £,
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Comparaison of two DN variants

Natural Dirichlet—Neumann (DN,):

Ele,i - ‘7/221[,/ =0inQq, 22{,- — 0,'2224,,4 =0in Qy,
z;(0) =0, 2 (@) = 1 ;(a),
N ‘ -1 ¢ ‘
2 (@) +dizg j(e) = 1,7, 2, (T) +wiz (T) =0,

foi= =0t +0(z () + dizy (), 0€(0,1).

a,i

Dirichlet-Neumann at two levels (DN,):

Ell,f - ‘7:'2212,,' =0inQ, 22{,- — U,-zzfy,- =0in Q,
y i ¥
2 ,;(0) =0, 3 i(a) = 2 ;(a),
’ -1 N ‘
z () =f ", 2 (T) 4+ wiz  (T) =0,

fe= (=0 +0z ,(a), 6€(0,1)

o,
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Comparaison of two DN variants

Solve the problem and find

f(f,i - p(Oé, di7 v, 7, 9) fe_'l'

a,i
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Comparaison of two DN variants

Solve the problem and find

f(f,i - p(Oé, di7 v, 7, 9) feTI'

«,

Convergence factor with analytical form

— _ o oy + Bitanh(b;) ‘
poN, = d,.'Qf(’i\)‘l 9(1 v (07 + di tanh(a;)) (w;+a;tanh(bi))> '

= 1-0(1-0v71 oy + Bi coth(bi) '
PND; d,-rgg()i\) ’ ( v (a,‘ + d; coth(a,-)) (w; + o; Coth(b;)) ) ‘
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Comparaison of two DN variants

Solve the problem and find

f(f,i - p(O@ di7 v, 7, 9) feTI'

«,

Convergence factor with analytical form

= 1-6(1- -1 Ui7+ﬂitanh(b;) ‘
PDN; d;rgf()»(‘\) ‘ ( v (o7 + dj tanh(a;)) (wi + oi tanh(b;)) ) ’

= 1-0(1-0v71 oy + Bi coth(bi) '
PND; d,-rgf()i\) ’ ( v (Ui + d; coth(a,-)) (w; + o; Coth(b;)) ) ‘

"Optimal” relaxation parameter with equioscillation

2

fon, = 34 coth(v7Ta) coth (Vo=T(T—a)) +9o1
1+vyVrv—1 coth (\/V*l(T—a))

B, = 2

ND2 = tanh(VV_l(T—a))+'yVV_1 ’

3 + tanh(Vr—1ta)

149V~ Ttanh (Vv —1(T—q))

* _n* * _n*
Opn, = Onp, and Op, = o, -
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Numerical experiments

Convergence factor of different DN and ND variants, with penalization parameters:
v =0.1, v =0, interface: o = % and relaxation parameter: 6 = 1.

1 T T T o oo g ‘
s

0 . _
1072 107 10° 10’ 102
Eigenvalues (d)
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Numerical experiments

Convergence factor of different DNy, with penalization parameters
interface: o = T

:v=0.1~v=0,
-

(d)

PDN,

Eigenvalues (d)
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Numerical experiments

Optimal convergence factors with penalization parameters: v = 0.1, v = 10 and
interface: o = 5 T.

0.25 T T
- ez” =~ 0. 530

0.2 —9—9'\«5 ~ 0 575 b

p(d)

Eigenvalues (d)

* _ n* * _*
DN, = 0DN2 and 9N02 = 9NDQ-
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Numerical tests with penalization parameters: v = 0.1, v = 10, final time: T =1, and a
+t)
>

target function y(t, x) = sin(mx)(2t>

w0
2
c
(V]
£
=
(]
o
x
()
“©
O
=
(]
S
=
=




Numerical experiments

Numerical scheme: Crank-Nicolson, and mesh size: hy = hy = &.
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Numerical experiments

With an interface a = 5 T.

105 — - - -

Error

Iteration
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Conclusion

e Time domain decomposition is different from space domain decomposition,
e Forward-backward structure is important for some variants,

e This analysis can be used for higher dimension,
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Forward-backward structure is important for some variants,

This analysis can be used for higher dimension,

e These methods can be applied to other equations, e.g., Stokes,
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Conclusion

e Time domain decomposition is different from space domain decomposition,

Forward-backward structure is important for some variants,

This analysis can be used for higher dimension,

e These methods can be applied to other equations, e.g., Stokes,

Like always, there are a lot of interesting things to be further discovered ;)

Thanks for your attention !
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