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Abstract—We report the problem of feedback stabilization
along a path of steady-states, and of exact boundary controlla-
bility of semilinear one-dimensional heat and wave equations,
investigated in [5], [6]. The main result is that it is possible to
move from any steady-state to any other one by means of a
boundary control, provided that they are in the same connected
component of the set of steady-states. The proof is based on an
effective feedback stabilization procedure which is efficiently
implementable.

I. INTRODUCTION

A. Semilinear one-dimensional heat equations

In this subsection, we report on results proved in [5]. Let

L > 0 fixed and let f : R → R be a function of class C2.

Consider the boundary control system⎧⎨
⎩

∂y

∂t
=

∂2y

∂x2
+ f(y),

y(t, 0) = 0, y(t, L) = u(t),
(1)

where the state is y(t, ·) : [0, L] → R and the control is

u(t) ∈ R.

Concerning the global controllability problem, one of the

main results [8] asserts that if f is globally lipschitzian then
this control system is approximately globally controllable

(see also [14] for exact controllability). When f is superlin-
ear, the situation is still widely open, in particular because

of possible blowing up. Indeed, if yf(y) > 0 as y �= 0, then
blow-up phenomena may occur for the Cauchy problem⎧⎪⎪⎨

⎪⎪⎩
∂y

∂t
=

∂2y

∂x2
+ f(y),

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

y(0, x) = y0(x).

(2)

For instance, if f(y) = y3, then, for numerous initial data,

there exists T ∈ (0,+∞) such that the unique solution to the
previous Cauchy problem is well defined on [0, T ) × [0, L]
and satisfies

lim
t→T

‖y(t, ·)‖L∞(0,L) = +∞,

see for instance [1], [11], [3], [15], [17], [20], [23] and

references therein.

A natural question is then the following. Is it possible,

by acting on the boundary of [0, L], to avoid the blow-up
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phenomenon? Actually the answer is negative in general (see

[10]): for some nonlinear functions f satisfying

|f(y)| ∼ |y| logp(1 + |y|) as |y| → +∞,

with p > 2, and for any time T > 0, there exist initial data
which lead to blow-up before time T , whatever the control
function u is. Notice however that if

|f(y)| = o
(
|y| log3/2(1 + |y|)

)
as |y| → +∞,

then the blow-up (which could occur in the absence of

control) can be avoided by means of boundary control (see

[10]).

In the first case where the blow-up phenomenon cannot be

compensated by means of boundary control, we propose an

alternative solution. The result is that it is possible to move

from any given steady-state to any other one belonging to

the same connected component of the set of steady-states.

More precisely, we define the notion of steady-state.

Definition 1.1: A function y ∈ C2([0, L]) is a steady-state
of the control system (1) if

d2y

dx2
+ f(y) = 0, y(0) = 0.

We denote by S the set of steady-states, endowed with the
C2 topology.

Introduce the Banach space

YT =
{

y(t, x), (t, x) ∈ (0, T ) × (0, L) |

y ∈ L2(0, T,W 2,2(0, L))

and
∂y

∂t
∈ L2((0, T ) × (0, L))

} (3)

endowed with the norm

‖y‖YT
= ‖y‖L2(0,T,W 2,2(0,L)) +

∥∥∥∥∂y

∂t

∥∥∥∥
L2((0,T )×(0,L))

.

Notice that YT is continuously imbedded in L∞((0, T ) ×
(0, L)).
The following result is proved in [5].

Theorem 1.2: Let y0 and y1 be two steady-states be-

longing to a same connected component of S. For every
neighborhood V of y1 in H1-topology, there exists a positive

real number ε0 such that for all ε ∈ (0, ε0) there exists
a control function u ∈ H1(0, 1/ε) such that the solution
y(t, x) in Y1/ε of⎧⎪⎪⎨

⎪⎪⎩
∂y

∂t
=

∂2y

∂x2
+ f(y),

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

y(0, x) = y0(x),

(4)
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satisfies y(1/ε, ·) ∈ V .
Corollary 1.3: Under the assumptions of Theorem 1.2,

there exist a time T > 0 and a control function u ∈ L2(0, T )
such that the solution y(t, x) in YT of the Cauchy-Dirichlet

problem (4) satisfies y(T, ·) = y1(·).
Remark 1: In [5], we give an explicit construction of
the control u in a feedback-type form, and of a Lyapunov
functional. We stress that the procedure is effective and
consists actually in solving a stabilization problem in finite

dimension. Indeed in order to construct u we need to
compute only a finite number of quantities related to an

Hilbertian expansion of the solution. The procedure has been

implemented numerically and has proved to be efficient.

Remark 2: For any T > 0 and u ∈ L2(0, T ) there is at
most one solution of (4) in the Banach space YT .

Remark 3: The corollary provides a (partial) global exact
controllability result. The time needed in our proof is large,

but on the other hand there are indeed cases where the time

T of controllability cannot be taken arbitrarily small. For
instance in the case where f(y) = −y3, any solution of (4)

starting from 0 satisfies the inequality∫ L

0

(L − x)4y(T, x)2dx ≤ 8LT,

and hence if y0 = 0 a minimal time is needed to reach a
given y1 �= 0. This result is similar to the one of Bamberger
[13] (see also [12, Lemma 2.1]).

Remark 4: If y0 and y1 belong to distinct connected

components of S, then it is actually impossible to move
either from y0 to y1 or from y1 to y0, whatever the time

and the control are.

On the other part, in each of the following cases the set

of steady-states S is connected:

• The function F defined as

F (y) =

∫ y

0

f(s)ds

satisfies the asymptotic condition

F (y) −→
|y|→+∞

+∞.

• For any α > 0 the indefinite integral∫
dy√

α − F (y)

diverges in −∞ and in +∞ (if it makes sense).
• The function f is odd, i.e. for any y ∈ R

f(−y) = −f(y).
Remark 5: The result of the corollary may be achieved
directly by using repeatedly a local exact controllability

theorem, see [12, Th. 4.4] or [14, Th. 3.3].

B. Semilinear one-dimensional wave equations

In this section, we announce results proved in [6]. As

previously, let L > 0 fixed and f : R → R be a function of

class C2. We are concerned with the exact controllability of

the semilinear wave equation⎧⎪⎪⎨
⎪⎪⎩

∂2y

∂t2
=

∂2y

∂x2
+ f(y),

y(t, 0) = 0, yx(t, L) = u(t),

y(0, ·) = a0(·), yt(0, ·) = a1(·),

(5)

where the state is (y(t, ·), yt(t, ·)) : [0, L] → R
2 and the

control is u(t) ∈ R.

The question we investigate is the following. For T > 0
large enough, given initial data (a0, a1) and final data (b0, b1)
in a suitable Hilbert space, is it possible to construct a

control u steering the control system (5) from the initial state
(a0, a1) to the target (b0, b1) within time T ? Moreover, is it
possible to achieve this by an explicit and efficient numerical

implementation?

If f is linear, the situation is well-known (see for instance
[19], [22]). In the general semilinear case, the main results

as to the global controllability problem, using a variant of

the Hilbert Uniqueness Method and a fixed point argument,

assert that if f is asymptotically linear (see [24]), and more
generally if f is globally Lipschitzian (see [25]), then the
control system (5) is globally controllable in time T > 2, in
the space H1

(0)(0, L) × L2(0, L), with controls in L2(0, T ).
The situation extends to slightly superlinear functions, or

functions sharing a good sign growth condition, see [2], [18],

[24], [26]. Here, H1
(0)(0, L) denotes the Banach space

H1
(0)(0, L) := {y ∈ H1(0, L) | y(0) = 0}.

When f is highly superlinear the situation is far more
intricate, in particular because of possible blowing up, as

previously for the heat equation. It is proved in [26] that if

f satisfies

liminf
s→∞

−f(s)

s lnps
> 0,

for p > 2, then the system (5) is not exactly controllable
in any time T > 0. More precisely, for every T > 0, there
exist initial data (a0, a1) ∈ H1

(0)(0, L)×L2(0, L) for which
the solution of (5) so that y(0, ·) = a0(·) and yt(0, ·) =
a1(·) blows up in time t < T , for all control u ∈ C([0, T ]).
Hence there is no hope to get a general result on global

controllability.

Definition 1.4: A function y ∈ C2([0, L]) is a steady-state
of the control system (5) if

d2y

dx2
(x) + f(y(x)) = 0, y(0) = 0.

We denote by S the set of steady-states, endowed with the
C2 topology.

Let us also introduce the Banach space

YT := C0([0, T ],H1(0, L) ∩ C1([0, T ], L2(0, L)). (6)

Theorem 1.5: Let y0 and y1 be two steady-states belong-

ing to a same connected component of S. For every δ > 0,
there exists ε1 > 0 so that, for every ε ∈ (0, ε1], there exists
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a control u ∈ H2(0, 1/ε) such that the solution y in Y1/ε of

the Cauchy-Dirichlet problem⎧⎪⎪⎨
⎪⎪⎩

∂2y

∂t2
=

∂2y

∂x2
+ f(y),

y(t, 0) = 0, yx(t, L) = u(t),

y(0, x) = y0(x), yt(0, x) = 0,

(7)

satisfies

‖y(1/ε, ·) − y1(·)‖H1
(0)

(0,L) + ‖yt(1/ε)‖L2(0,L) ≤ δ.

Remark 6: In [6], we provide an explicit construction
of the control u in a feedback form, and of a Lyapunov
functional. The procedure consists actually in solving a
stabilization problem in finite dimension. Indeed in order to

construct u, one only needs to compute a finite number of
quantities related to a Riesz expansion of the solution.

Coupling Theorem 1.5 with a local controllability result

yields the following corollary.

Corollary 1.6: Let y0 and y1 be two steady-states belong-

ing to a same connected component of S. There exist a time
T > 0 and a control function u ∈ L2(0, T ) such that the
solution y(t, x) in YT of the Cauchy-Dirichlet problem (7)

satisfies y(T, ·) = y1(·), yt(T, ·) = 0.
Remark 7: The idea of stabilizing a finite dimensional
part of the system is similar to the procedure achieved

in the case of the heat equation. For the wave equation,

it is however more challenging because of conservation

properties. Moreover, one has to deal with a Riesz expansion

of the solution, instead of an expansion on a Hilbertian basis

of eigenfunctions.

II. THE IDEA OF THE PROOF

A. In finite dimension

The method is stemming from classical Lyapunov stability

theory together with quasi-static deformation theory. For the

sake of simplicity we explain it in finite dimension. Let us

consider in R
n a general control system of the form

ẏ(t) = g(y(t), u(t)), (8)

where g : R
n × R

m → R
n is of class C1, u(t) ∈ U ,

and U denotes the set of measurable essentially bounded
admissible controls. Let y0, y1 ∈ R

n be two equilibrium

points of system (8), that is

g(yi, ui) = 0, i = 0, 1,

for some u0, u1 ∈ R
m. We assume that (y0, u0) and (y1, u1)

belong to the same connected component of the zero set of

g in R
n × R

m. Our aim is to steer the system from y0 to

y1 in some (large) time T > 0. The method splits into four
steps:

First step. Construct a C1-path (ȳ(τ), ū(τ)), with τ ∈ [0, 1],
connecting (y0, u0) to (y1, u1) and such that

∀τ ∈ [0, 1] g(ȳ(τ), ū(τ)) = 0.

Of course this path is not in general solution of system

(8), but if ε > 0 is small enough then the C1-path (yε, uε)

[0, 1/ε] → R
n × R

m

t 
→ (yε(t), uε(t)) = (ȳ(εt), ū(εt))

is “almost” a solution of system (8). Indeed

‖ẏε − g(yε, uε)‖ = O(ε) as ε → 0+.

Second step. This quasi-static trajectory is not in general
stable, and thus has to be stabilized. To this aim, introduce

the following change of variable:

z(t) = y(t) − yε(t),

v(t) = u(t) − uε(t),

where t ∈ [0, 1/ε]. In the new variables z, v, the control
system writes, at least if ‖z(t)‖ + ‖v(t)‖ is small enough,

ż(t) = A(εt)z(t) + B(εt)v(t) + O(‖z(t)‖2 + ‖v(t)‖2 + ε),

where t ∈ [0, 1/ε], and where

A(τ) =
∂g

∂y
(ȳ(τ), ū(τ)),

and

B(τ) =
∂g

∂u
(ȳ(τ), ū(τ)),

with τ = εt ∈ [0, 1]. Therefore we have to stabilize near the
origin a slowly-varying in time linear control system; we
refer to [16] for this classical theory.

Third step. Under mild controllability assumptions, namely

∀τ ∈ [0, 1] rank
(
B(τ), A(τ)B(τ), . . . , A(τ)n−1B(τ)

)
= n

(Kalman condition) it is actually possible to stabilize

the system by pole shifting and to construct a quadratic
Lyapunov function. Notice that this does not work in general

if the system is not slowly-varying. So if ε is small enough
then using this Lyapunov function we infer that y(1/ε)
belongs to some prescribed neighborhood of the target y1.

At this stage, a stabilization result is achieved.

Fourth step. If the system (8) is locally controllable near the
point y1, we conclude that it is possible to steer the system

in finite time from the point y(1/ε) to the desired target
y1. Usually such a local controllability result is achieved by

using an implicit function argument, after proving that the

linearized system is controllable.

Remark 8: The use of quasi-static deformation for the
controllability of a nonlinear partial differential control sys-

tem has already been used in [4]. But note that in [4]

the quasi-static trajectory (yε, uε) was stable so it was not
necessary to perform steps 2 and 3.
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B. Application to the heat equation

Let y0 and y1 in the same connected component of S. We
construct in S a C1 path (ȳ(τ, ·), ū(τ)), 0 ≤ τ ≤ 1, joining
y0 to y1. For each i = 0, 1 set

αi = y′
i(0).

Then yi(·) = yαi(·), i = 0, 1, where the maximal solution of

d2y

dx2
+ f(y) = 0, y(0) = 0, y′(0) = α,

is denoted by yα(·). Now set

ȳ(τ, x) = y(1−τ)α0+τα1(x) and ū(τ) = ȳ(τ, L),

where τ ∈ [0, 1] and x ∈ [0, L]. By construction we have

ȳ(0, ·) = y0(·), ȳ(1, ·) = y1(·) and ū(0) = ū(1) = 0,

and thus (ȳ(τ, ·), ū(τ)) is a C1 path in S connecting y0 to

y1.

We then reduce the problem as follows.

Let ε > 0. For every t ∈ [0, 1/ε] and every x ∈ [0, L], set

z(t, x) = y(t, x) − ȳ(εt, x),

v(t) = u(t) − ū(εt).
(9)

Then z satisfies the initial-boundary problem⎧⎪⎪⎪⎨
⎪⎪⎪⎩

zt = zxx + f ′(ȳ)z + z2

∫ 1

0

(1 − s)f ′′(ȳ + sz)ds − εȳτ ,

z(t, 0) = 0, z(t, L) = v(t),

z(0, x) = 0.
(10)

To reduce the problem to a Dirichlet-type problem, set

w(t, x) = z(t, x) −
x

L
v(t), (11)

and suppose that the control v is derivable. This leads to⎧⎪⎪⎪⎨
⎪⎪⎪⎩

wt = wxx + f ′(ȳ)w +
x

L
f ′(ȳ)v −

x

L
v′ + r(ε, t, x),

w(t, 0) = w(t, L) = 0,

w(0, x) = −
x

L
v(0),

(12)

where

r(ε, t, x) = −εȳτ

+
(
w +

x

L
v
)2

∫ 1

0

(1 − s)f ′′
(
ȳ + s(w +

x

L
v)

)
ds.
(13)

The aim is then to prove that there exist ε small enough and
a pair (v, w) solution of (12) such that w(1/ε, ·) belongs to
some arbitrary neighborhood of 0 inH1

0 -topology. To achieve

this the proof consists in constructing an appropriate control

function and a Lyapunov functional which stabilizes system

(12) to 0 (see [5]).

The proof requires a precise spectral analysis of the

problem. We introduce the one-parameter family of linear
operators

A(τ) = ∆ + f ′(ȳ(τ, ·))Id, τ ∈ [0, 1], (14)

defined on H2(0, L) ∩ H1
0 (0, L). Let (ej(τ, ·))j≥1 be an

Hilbertian basis of L2(0, L) of eigenfunctions of A(τ), such
that for each j ≥ 1 and each τ ∈ [0, 1],

ej(τ, ·) ∈ H1
0 (0, L) ∩ C2([0, L]),

and let (λj(τ))j≥1 denote the corresponding eigenvalues.

From the minimax principle, these eigenfunctions and eigen-

values are C1 functions of τ . Moreover for each τ ∈ [0, 1]

−∞ < · · · < λn(τ) < · · · < λ1(τ),

and

λn(τ) −→
n→+∞

−∞.

From the continuity of the eigenvalues on [0, 1], we can
define n as the maximal number of eigenvalues taking at
least a nonnegative value as τ ∈ [0, 1], i.e. there exists η > 0
such that

∀t ∈ [0, 1/ε] ∀k > n λk(εt) < −η < 0. (15)

The integer n can be arbitrarily large. For example if f(y) =
y3 and if y′

1(0) → +∞ then n → +∞.
We also set, for any τ ∈ [0, 1] and x ∈ [0, L],

a(τ, x) =
x

L
f ′(ȳ(τ, x)) and b(x) = −

x

L
.

In these notations system (12) leads to

wt(t, ·) = A(εt)w(t, ·) + a(εt, ·)v(t) + b(·)v′(t) + r(ε, t, ·).
(16)

Any solution w(t, ·) ∈ H1
0 (0, L) of (16) can be expanded as

series in the eigenfunctions ej(εt, ·), convergent in H1
0 (0, L),

w(t, ·) =

∞∑
j=1

wj(t)ej(εt, ·).

In particular, we get, for i = 1 . . . n,

w′
i(t) = λi(εt)wi(t) + ai(εt)v(t) + bi(εt)v

′(t) + r1
i (ε, t),
(17)

where

r1
i (ε, t) = 〈r1(ε, t, ·), ei(εt, ·)〉L2(0,L),

ai(εt) = 〈a(εt, ·), ei(εt, ·)〉L2(0,L) ,

bi(εt) = 〈b(·), ei(εt, ·)〉L2(0,L).

(18)

The n equations (17) form a differential system controlled
by v, v′. Set

α(t) = v′(t), (19)

and consider v(t) as a state and α(t) as a control. Then the
former finite dimensional system may be rewritten as⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

v′ = α,

w′
1 = λ1w1 + a1v + b1α + r1

1,

...

w′
n = λnwn + anv + bnα + r1

n.

(20)
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If we introduce the matrix notations

X1(t) =

⎛
⎜⎜⎜⎝

v(t)
w1(t)
...

wn(t)

⎞
⎟⎟⎟⎠ , R1(ε, t) =

⎛
⎜⎜⎜⎝

0
r1
1(ε, t)
...

r1
n(ε, t)

⎞
⎟⎟⎟⎠ ,

A1(τ) =

⎛
⎜⎜⎜⎝

0 0 · · · 0
a1(τ) λ1(τ) · · · 0
...

...
. . .

...

an(τ) 0 · · · λn(τ)

⎞
⎟⎟⎟⎠ ,

B1(τ) =

⎛
⎜⎜⎜⎝

1
b1(τ)
...

bn(τ)

⎞
⎟⎟⎟⎠ ,

then equations (20) yield the finite dimensional linear control
system

X ′
1(t) = A1(εt)X1(t) + B1(εt)α(t) + R1(ε, t). (21)

We then move, by means of an appropriate feedback
control, the n first eigenvalues of the operator A, without
moving the others, in order to make all eigenvalues negative.

It is easy to check that, for each τ ∈ [0, 1] the pair
(A1(τ), B1(τ)) satisfies the Kalman condition, i.e.

rank
(
B1(τ), A1(τ)B1(τ), . . . , A1(τ)n−1B1(τ)

)
= n.
(22)

Thus, for each τ ∈ [0, 1] there exist scalars k0(τ), . . . , kn(τ)
such that, if we denote

K1(τ) = (k0(τ), . . . , kn(τ)) ,

then the matrix A1(τ) + B1(τ)K1(τ) admits −1 as an
eigenvalue with order n + 1.
The remainder of the proof consists in proving, using Lya-

punov functions, that the feedback control function α(t) =
K1(εt)X1(t) stabilizes the complete infinite dimensional
system along the path of steady-states (see [5] for details).

C. Application to the wave equation

The procedure is similar.

Let ε > 0, and let y denote the solution of (7) in Y1/ε,

associated to a control u ∈ H2(0, 1/ε). We set, for all t ∈
[0, 1/ε] and x ∈ [0, L],

z(t, x) := y(t, x) − ȳ(εt, x),

u1(t) := u(t) − ū(εt).
(23)

Then,⎧⎪⎪⎪⎨
⎪⎪⎪⎩

ztt = zxx + f ′(ȳ)z + z2

∫ 1

0

(1 − s)f ′′(ȳ + sz)ds − ε2ȳττ ,

z(t, 0) = 0, zx(t, L) = u1(t),

z(0, x) = 0, zt(0, x) = −εȳτ (0, x).
(24)

Notice that, if the nonlinearity f and the residual term
r were equal to zero, then, as explained previously, setting
u1(t) = −αzt(t, L), the energy function

t 
→

∫ L

0

(zt(t, x)2 + zx(t, x)2)dt

would be exponentially decreasing. This suggests to seek the

control function u1(t) in the form

u1(t) = −αzt(t, L) + v(t),

where α > 0 has to be chosen in a convenient way. Set

w(t, x) := z(t, x) −
x(x − L)

L
v(t). (25)

This leads to the system⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

wtt = wxx + f ′(ȳ)w −
x(x − L)

L
v′′

+

(
x(x − L)

L
f ′(ȳ) +

2

L

)
v + r(ε, t, x),

w(t, 0) = 0, wx(t, L) = −αwt(t, L),

w(0, x) = −
x(x − L)

L
v(0),

wt(0, x) = −εȳτ (0, x) −
x(x − L)

L
v′(0),

(26)

where r(ε, t, x) is a remainder term. The aim is to prove that,
given a neighborhood V of (0, 0, 0, 0) in R×R×H1

(0)(0, L)×

L2(0, L), for ε > 0 small enough, there exists a pair (v, w)
solution of (26), satisfying v(0) = v′(0) = 0, such that

(v(1/ε), v′(1/ε), w(1/ε, ·), wt(1/ε, ·)) ∈ V.

As previously, a precise spectral analysis of the system is

due. Set

H :=

{(
w1

w2

)
∈ H1 × L2((0, L), C) | w1(0) = 0

}
. (27)

Introduce the one-parameter family of linear operators

Ã(τ) :=

(
0 1

A(τ) 0

)
, (28)

where A(τ) := � + f ′(ŷ(τ, ·))Id, τ ∈ [0, 1], on the domain

D(Ã(τ)) :=

{(
w1

w2

)
∈ H | w1 ∈ H2((0, L), C),

w2 ∈ H1((0, L), C),

w2(0) = 0, w1
x(L) = −αw2(L)

}
,

(29)

The following nontrivial lemma is crucial (see [6] for

details and for a proof).

Lemma 2.1: For every τ ∈ [0, 1], the operator Ã(τ) has
a compact resolvent in H , and thus its spectrum consists
of isolated eigenvalues (λk(τ))k∈I , where I = Z or I =
Z\{0}. There exists a Riesz basis (ek(τ, ·))k∈I of H , having
a dual Riesz basis (fk(τ, ·))k∈I , such that:

• ek(τ, ·) ∈ D(Ã(τ)), and ‖ek(τ, ·)‖H = 1, for every
k ∈ I and every τ ∈ [0, 1];
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• for every integer k ∈ I , the functions τ 
→ ek(τ, ·) and
τ 
→ fk(τ, ·) are of class C1 on [0, 1];

• each eigenvalue λk(τ) is geometrically simple;
• there exists an integer n0 ≥ 0 so that, for every
integer k satisfying |k| > n0, each eigenvalue λk(τ)
is algebraically simple, and satisfies

λk(τ) =
1

2L
ln

α − 1

α + 1
+ i

kπ

L
+ O

(
1

|k|

)
, (30)

as |k| → +∞, uniformly for τ ∈ [0, 1];
• if |k| > n0, then ek(τ, ·) is an eigenfunction of Ã(τ), as-
sociated to the (algebraically simple) eigenvalue λk(τ),
and fk(τ, ·) is an eigenfunction of Ã(τ)∗, associated to
the (algebraically simple) eigenvalue λk(τ);

• for every integer k > n0 and every τ ∈ [0, 1],

λk(τ) = λ−k(τ),

ek(τ, ·) = e−k(τ, ·), and fk(τ, ·) = f−k(τ, ·);

• for every integer k so that |k| ≤ n0, there holds

Ã(τ)ek(τ, ·) ∈ Span{ep(τ, ·) | |p| ≤ n0},

and

Ã(τ)∗fk(τ, ·) ∈ Span{fp(τ, ·) | |p| ≤ n0}.
Remark 9: To prove this lemma, we first prove the ex-
istence of a Riesz basis of H , consisting of generalized
eigenfunctions (ẽk(τ, ·))k∈I of Ã(τ), associated to the eigen-
values (λk(τ))k∈I . However, if |k| ≤ n0, then the function

τ 
→ ẽk(τ, ·) may fail to be of class C1, since the corre-

sponding eigenvalue λk(τ) is not necessarily algebraically
simple. The proof then consists in modifying the generalized

eigenfunctions ẽk(τ, ·), for |k| ≤ n0, so as to obtain new

vectors ek(τ, ·), |k| ≤ n0, that are C1 functions of τ , but are
not necessarily generalized eigenfunctions of Ã(τ).

Let us show how to isolate the finite dimensional unstable

part of the system.

Let α > 1 so that

1

2L
ln

α − 1

α + 1
< −1.

Using (30), only a finite number of eigenvalues may have

a nonnegative real part as τ ∈ [0, 1]. More precisely, there
exists an integer n so that

∀τ ∈ [0, 1], ∀k ∈ Z, (|k| > n) ⇒ (Re(λk(τ)) < −1).
(31)

Every solution can then be expanded as series in the Riesz

basis (ej(εt, ·))j∈I , convergent in H . As previously, we
then move, by means of an appropriate feedback control,
the 2n + 1 eigenvalues λ0(τ), . . . , λn(τ), whose real part
may be nonnegative, without moving the others, so that

all eigenvalues then have a negative real part. We obtain

a differential system in R
2n+1 controlled by v, v′, v′′. As

for the heat equation, we have then to check that Kalman’s

condition holds, which allows one to derive a feedback

control stabilizing the finite dimensional system. The rest

of the proof consists in showing that this control actually

stabilizes the complete system (see [6]).

REFERENCES

[1] J. Bebernes and D. Eberly, Mathematical problems from combustion
theory, Applied Math. Sciences, 83, Springer-Verlag, New York, 1989.

[2] P. Cannarsa, V. Komornik and P. Loreti, Well posedness and control
of semilinear wave equations with iterated logarithms, ESAIM Cont.
Optim. Calc. Var., 4, 1999, pp. 37–56.

[3] T. Cazenave and A. Haraux, Introduction aux problèmes d’évolution
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