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problem is reduced to a nonstandard null controllability problem of
some nonlinear cascade system governed by a quasilinear parabolic
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Insensitizing control equation and a linear parabolic equation. Nevertheless, in order
Null controllability to solve the later quasilinear controllability problem by the fixed
Quasilinear parabolic equation point technique, we need to establish the null controllability of the

linearized cascade parabolic system in the framework of classical
solutions. The key point is to find the desired control function in a
Holder space for given data with certain regularities.
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1. Introduction and main result

Let n € N\{0}, T > 0, and let §2 be a bounded domain in R" with a C3 boundary I'". Put Q = £ x
(0,T) and X =T x (0, T). Assume w and O to be two given nonempty open subsets of £2. Denote by
Xo the characteristic function of the set w. We consider the following controlled quasilinear parabolic
equation:

n
vi— 3 (@ W), + fW=E+ xou inQ,
e (11)
y=0 on X,
y(0) =yo+1yo in 2,
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where x = (x1,...,Xy) and t are respectively the space variable and the time variable, y and u are
respectively the state variable and the control variable, & and y( are two known functions, T is an
unknown small real number, Jg is an unknown function, f is a given C2 function defined on R with
f(0)=0, and a¥(-) : R — R are given C3 functions satisfying a/ =aJt (i, j=1,...,n) and for some
constant p > 0,

n
> disming = pinl?,. Vis.m = (..., ) eR xR, (12)
i,j=1

Let us define the following (partial) energy functional:

T

cb(y):%/f]y(x,t;r,u)}zdxdt, (1.3)
o

0

where y = y(x, t; T, u) is the corresponding solution of (1.1) associated to T and u. In this paper, we
are interested in the existence of a control function u (depending on & and yo but independent of
T and yg), which makes the above functional @ be insensitive with respect to small perturbations
on the initial value yg. A physical interpretation of this problem is as follows: If the state variable y
stands for the temperature of a body, then Eq. (1.1) describes the heat conduction of the body, while
the diffusion coefficients depend on the temperature in a manner as a’(y). In (1.1), £ can be viewed
as a given heat source acting on the body, and one can also act on a local domain w of the body by
means of a heat source u. Roughly speaking, the insensitivity problem means that we are expected to
find a local heat source u such that the local energy @ in O is almost invariant with respect to small
perturbations on the initial temperature.

To be more precise, we need to introduce some notations. For any k, £ € N, we denote by C%£(Q)
the set of all functions having continuous derivatives in Q up to order k with respect to the space
variable and up to order ¢ with respect to the time variable, and by C¥(§2) the set of all functions
having continuous derivatives in £ up to order k. For any 6 € (0, 1), write

¢ ¢
Cko.6+5 () = {u e ck4(@): sup sup |0 0 u(x1, t1) — 97 dyu(xz, £2)| - oo}
o=k (1,020t (X1 —Xa| + [t — £2]1/2)f

and

R = {u € C%(2); sup sup |9 u(x1) — 9 u o)l < oo}
" o122 X% X1 — x2/° '

both of which are Banach spaces endowed with the canonical norms.

Since we are treating a nonlinear problem, for given functions & € Co.%(a) and yg € C2t9(2)
satisfying suitable conditions (which will be specified later), we require that the desired insensitizing

control u(e CG'%(Q)), which depends on & and yo but is independent of T and yo, satisfies the
following condition:

(H) There exists a T > O such that for any |t| < To and any yo € C5°(£2) with |JA/()|Cz+H(§) =1, Eq. (1.1)
admits a unique solution y(-, -: T, u) € C2*%1+5 (Q). Moreover,

Yl a1+ g, S C(n,2,I,T,a", f)(lélcgg( [ Hlulag o Yo+ tholewg).  (14)
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