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Abstract. We consider the uniform stabilizability problem of a Petro-
vski system, generalizing a simple plate model, by using nonlinear dis-
tributed feedbacks. Applying a method of integral inequalities as described
in [8], we estimate the energy decay rate in function of the growth proper-
ties of the nonlinearity. We apply feedbacks of a different form than e.g. in
[6] ; this makes it possible to weaken the growth assumptions on the non-
linearity for more regular initial data, thereby obtaining similar results as
in [17] for the wave equation.
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Abbreviated title. Decay estimates for a Petrovski system
1. Introduction and statement of the results

The estimation of the energy decay rate of dissipative systems is the
subject of many research, cf. e.g. the proceedings of the annual IEEE
Conferences on Decision and Control. One of the most popular methods
in this area is the Liapunov method, but special differential or integral
inequalities often prove to be very useful, too.

In [8] we proposed for a certain general class of distributed systems a
systematic approach based on integral inequalities of the form

/ E°t! dt < AE(t), Vt€ Ry :=[0,40) (1)

t
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where E : R; — Ry is a non-increasing function and a, A are given
constants. We proved that if a, A are positive and if E is a nontrivial
solution of (1) (i.e. if E(0) # 0), then

E(0), ift<T; @)
B <\ poyZary™, itt>T

for all t € Ry, where we have set
T := AE(0)™°. (3)

The estimates (2) are optimal in the following sense : given C' > 0 and
t' > 0 arbitrarily, there exists a non-increasing function E : Ry — Ry
satisfying (1) and such that E(0) = C and that in (2) equality holds if
t=t.

Analogous results were obtained for —1 < a < 0, too. In particular, for
a =0 (2) is replaced by

E(0), ift<A;
E(t) < { E(0)exp (1 - ﬁ), if t > A. (4)

We showed that integral inequalities of this type arise naturally in a
number of distributed or boundary stabilization problems concerning the
wave equation or some plate models [8]-[10].

Integral inequalities of type (1) appeared already before ([3], [4], [7],
[13]) but their efficiency was not clear comparing for example to the
usual Liapunov method as applied e.g. in [1], [2], [5], [6], [12], [13], [14],
[18]. In [11] we proved that apart from some trivial cases the Liapunov
method never gives the optimal estimates (2), (4) because of the artificially
modified energy function and because of artificially introduced parameters.

In the present paper we apply this method for the study of a Petrovski
system with distributed feedback. Let 2 be a bounded open set in R"
having a boundary I of class C*. We shall denote by v the outward unit
normal vector toI'. Let g : R — R be a non-decreasing, continuous function
with ¢(0) = 0, and consider the system

u" + A’u—g(Au')=0 in Q xRy, (5)

u=Au=0 on T'_ xRji (6)
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u(0) =uo and u'(0)=wu; on Q. (7)

Using the methods of [5], it is easy to verify that this system is well-
posed in the following sense : introducing the Hilbert spaces H, V by

H:=H){Q) and V:={veH}Q):v=Av=00nT}, (8)

for every (ug,u;) € V x H the system (5)—(7) has a unique solution u
satisfying

C(Ry;V)NCY(Ry; H).

Furthermore, the system is dissipative in the sense that its energy E :

R4+ — Ry defined by
E= l/ V' + [VAuf? de 9)
2 Ja
is non-increasing. Indeed, it is easy to verify, at least formally, that
E' = - /(Au')g(Au') dz <0 (10)
Q

we will prove it later (cf. lemma 1).

Our purpose is to estimate the energy decay rate under suitable growth
conditions on g¢. Let

1<p<+o00, 1<¢g<+o0 (11)
and assume that there exist positive constants ¢;, c;, c3, ¢4 such that
alelP < lg(2)] < cale|'? if el <1 (12)

and

alr| < |g(z)| < elz|? if |z| > 1. (13)

We shall prove the following result.

THEOREM 1. — Assume that

(n—=2)g<n+2. (14)
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Then for every (ug,u;) € V x H the solution of (5)~(7) satisfies

E(t) < Ct=1 Wt > 0 (15)
ifp>1, and

E(t) <Ce ' ¥t > 0 (16)

ifp=1.

In (15), (16) the constant C depends only on the initial energy E(0)
in a continuous way (and the dependence is linear if p = 1), while the
constant w is independent of the particular choice of the initial data.

Ifn =1, then the estimates (15), (16) remain valid for ¢ = 400, too,
i.e. even if |g(z)| blows up arbitrarily fast as |x| — +o0.

Let us observe that the decay rate in (15) is determined only by the
behavior of ¢ near zero.

If the initial data and g are more regular, then we may weaken our
growth assumptions on g :

THEOREM 2. — Assume that g 18 locally absolutely continuous and

(n—4)g <n+4, (17)

and set

p = max{p,g(l — %) — 1}, (18)

H:=H)Q)NH and V:=H{Q)NV. (19)
Then for every
(vo,u1) € V x H such that g(Auy) € L3(Q), (20)
the solution of (5)~(7) satisfies
E(t) < Ct7-1 Wt > 0 (21)

ifp' > 1, and
E(t)<Ce ™™ Vt>0 (22)
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ifp' =1.

The constants C, w depend on the norm of (ug,uy) in V x H, not
only on the initial energy E(0).

Ifn < 3, then the estimates (21), (22) remain valid for ¢ = +o0, too.

Let us observe that now the decay rate depends on the behavior of ¢
both near zero and near infinity. We may explain the simpler situation of
theorem 1 by saying that there g did not grow too fast near infinity so as
to influence the energy decay rate.

2. Proof of theorem 1

It is sufficient to prove the estimates (15), (16) for smooth solutions
corresponding to initial data satisfying (20). Indeed, the general case then
follows by an easy density argument, remarking that the convergence of the
initial data in V x H implies the uniform convergence of the corresponding
energy functions on R. Since (20) implies by the standard elliptic regularity
theory that the solution of (5)—(7) satisfies

u € Lis (R V) N W (Ry; H) N WEZ(Ry; LA(Q)) (23)

loc

and

g(Au') € L®(Ry; L¥()), (24)

we may assume (23) and (24) in our computations below.
We need two identities.

LemMA 1. — The function E : Ry — R4 13 non-increasing, locally
absolutely continuous and

E' = —/(Au')g(Au') dr <0 ae. in Ry. (25)
Q

Proor. — Fixing 0 < S < T < oo arbitrarily, we have the following
equality by using (5), (6) and the definition of the energy :

T
0= / /(—Au')(u" + A%u — g(AY')) dz dt
s Ja
T
= / / Vu' - Vu'" + VAu - VAU + (Au')g(Au') dz dt
s Ja

T
=E(T)—- E(S)+ /S /Q(Au')g(Au') dz dt
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e )
E(S) - E(T) = /S /Q (Au')g(Au') dz dt, 0<S<T<+oo. (26)

The right-hand side of (26) is nonnegative by our assumptions on g ; hence
E is non-increasing. It follows also from (26) that E is locally absolutely
continuous and that the equality in (25) is satisfied. []

LEMMA 2. — We have

_1 T
/ E dt / u' Au da:]
S

-1

—_—— E E'/ u'Au dz dt (27)
2 s Q

T
+/ E*= / 2|Vu'|? — (Au)g(Au') dz dt
S Q
forall0 < S < T < +o0.

Proor. — We have

T
0= / E= /(—Au)(u” + A%u — g(Au")) dz dt
S
= [EL / —u'Aud:c] 4221 TpE / u'Au dz dt
Q 2 Js Q
T
+ / EY / w' Au' + |VAu? + (Au)g(Au') dz dt
S Q

-1 T _ r
= [E% / —u'Audx] +u / ESE / u'Au dz dt
Q s 2 Js Q
T
+ / E= / —|Vu'? + |VAul]? + (Au)g(Av') dz dt.
S Q

Using the definition of the energy, (27) follows. []

LEMMA 3. — We have
T o
2/ E™= dt < cE(S)
S
(28)
T e
+/ E™ /2|Vu'|2 — (Au)g(Au') dz dt
S Q
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for all0< S < T < +4o00.

Here and in the sequel ¢ will denote diverse positive constants depending

only on E(0).

Proor. — Using the obvious estimates

lu'l| 2y < el V'l L2a)

and

[AullL2(9) < el VAU L2a)
(we recall that v’ = u = Au =0 on I'), we have
B / u'Au do| < B | V0| 2oy |V Au 2y
Q
< cE*T / [Vu'|2 4+ |[VAu|? do = cES
Q
< cE(O)%lE =cE.
(We used the non-increasingness of E.) Hence
p=1 ' T
[E 7 [ u'Au d:c]s < cE(S) + cE(T) < ¢E(S).
Q

Furthermore, using (29) and (30) again,

p—1 T 2=3 T p=3
I—/ E™ E'/U'Au dz dt’gc/ E= (-E")E dt
2 S Q S
= cE™F (8) — B (T) < cE™(S) < cE(S).

Using these two estimates, (28) follows from (27). []

LEMMA 4. — We have the estimate
/ |Vu']? de < —cE' + o(—E')7H1.
Q

PRroOF. — For t € Ry fixed arbitrarily, set

M ={reQ:|Ad(z)| <1} and Q= {z € Q:|Au(z) >1}.

(29)

(30)

(31)

(32)
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Since

[VvllLz(a) < cllAvlla-1(0) < |Av]L2)

for all v € H*(Q) N H (), we have

/ |Vu'|? dz < c/ |Au'|? dz = c/ |Au' |2 dz +c | |Au')? dz. (33)
Q Q Q Qg

Using the first inequality in (12) we obtain that

|Au'? dz < ¢ /Q (Au)g(Au') 7T da

Q

2
< c( (Au')g(Au) d:c) PH (34)
Q
2
< c(/(Au')g(Au') d:c) - c(—E)FzT.
Q
Furthermore, using the first inequality in (13), we have

|Av'|2 dz <c [ (Au')g(Au') dz
QQ Q2

< /Q(Au')g(Au') dr = —cE'". (35)

The inequality (31) follows from (33), (34) and (35). [

LEMMA 5. — We have
| / (Au)g(Ad') dx' < cEVY(—E') T 4 cEV}(—ENTT.  (36)
Q

Proor. — We define ; and Q, by (32) again. Using the second
inequality in (12) we obtain

lg(Au')|? dz < c/ ((Au')g(Au'))F’%T dr < c(—E')p_il

131 115

as in (34), whence

[ (@ug(aw) de] < el aul (B

< || VAUl 2a) (—E) T < BV (—E')FH. (37)
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Furthermore, using the second inequality in (13) we have, if ¢ < +o0,

|g(Au')|1+q—1 dr < c/ (Au')g(Au') dz
92 92

< c/(Au')g(Au') dz = —cE'
Q
and therefore, using also the imbedding (cf. (14))
H3(Q) c w2t(Q),

[ (@wg(an) ds| < cl Aulpriaiar(~E) T
Q2

(38)
< C”VAU”Lz(Q)(—E’)1<l-q‘1 < C.E1/2(—E’)1+q'1 .

This inequality also holds if ¢ = +00 : using the imbedding
H3(Q) c W2=(Q),

in this case we have
[ (@u)g(aw) de| < claul ey [ lo(du)] do
92 Q2
< o VAUl / (Au')g(Au') de < cEM2(—E').
2,
Finally, (37) and (38) imply (36). []
LEMMA 6. — We have

T il
/E2 dt < cE(S), 0<S<T < +oo. (39)
S

PRrOOF. — We estimate the last term of (28) by using the preceeding

two lemmas. We fix € > 0 arbitrarily and we apply the Young inequality
as follows :

|EL / 2V 2 — (Au)g(Au') dx’
Q
< —cE*TE' + B (—E")7 + cE3(—E')7 4 cE3(—E')TFe T
<(—cE")+ (GEE";_I - c(e)E') + (eEu?;1 - c(e)E') + (eE A c(e)E')

< cleEF — c(e)E';
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here ¢; is some positive constant, independent of e. (We used here the
trivial inequality p(¢ +1) > p+1.)
Choosing € > 0 such that ¢;e < 1, hence we conclude that

|E%1 / 2|Vu'|? — (Au)g(Au') dxl <EY —cE'
Q
and therefore

i /ST E* fﬂ 2|Vu'|? — (Au)g(Au') dz dt‘
< /ST EX g + C(E(S) - E(T)) < /ST EE & + cE(S).

Substituting this into (28) we find (39). []

It follows from lemmas 1 and 6 that E : Ry — R4 is a non-increasing
function satisfying (1) with @ = (p — 1)/2 and A = c¢. Applying the
estimates (2), (4) mentioned in the introduction, hence the theorem

follows. []
3. Proof of theorem 2

Let us begin by observing that the inequalities (12) remain valid if we
replace p by p'. Therefore the estimate (31) of lemma 4 and the estimate
(37) in the proof of lemma 5 remains valid with p replaced by p'. We shall
replace the estimate (38) above by the estimate

‘/ (Au)g(Au') dz| < c||Aul|parr()(—E') 1+ T, (40)
Q2

thereby proving the following version of lemma 5 :

LEMMA 7. — We have

1

| /Q (Bu)g(Au') do| < cBV2(—E')7 + ¢ Aull oo (~E) T (41)

First we establish a new identity :

LEMMA 8. — We have

[% L(Au')z + (A%u)? dw]i = LTLg'(Au')|VAu'|2 dz dt (42)
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forall0 < S < T < +o0.

Proor. — We have, integrating by parts and using (5), (6) :
T
0= / /(A2u')(u" + A%y — g(Au')) dx dt
S JQ
T
= / /(Au')(Au") + (A%u)(A%u) 4 ¢'(AW)|VAY'|? dz dt
s Ja
1 T (T 2
= [— /(Au')2 + (A%u)? dx] +/ / g (Au)|VAY'|? dz dt. [
2 Ja s Js Ja
Since the right-hand side of (42) is nonnegative, lemma 7 shows that
v/(Au')2 + (A%u)? dz
Q

is a non-increasing function of ¢t € Ry. Since A?u® and Au! be-
long to L?(Q) by hypothesis, it follows that A%y and Au' belong to
L>*(R4; L*()) and therefore

u € L®°(R4; HA(Q)) N WH>(Ry; H3(Q)) (43)

by the elliptic regularity theory.
Now we are ready to prove lemma 7 :

PROOF OF LEMMA 7. — . As we showed at the beginning of this section,
it is sufficient to prove the estimate (40).

If ¢ = 400, then n < 3 by hypothesis; therefore (43) follows easily from
(41) and from the definition of Q :

[ (@uaaw) de] < claulpmey [ lotau)] de
2 Q.

< clldulim [ (Bu)(Aw) do = e dul e (')
2

If ¢ < 400, then we have, using also the second inequality in (13), and
writing for brevity || - ||, instead of || - |

LT ()

[ @waaw) de| < cldulosalo(@u )i oy
2

< | Auflg+1 H ((Au')g(Au')) T ‘

L1471 (Q,)

] ' E‘h nNT——1
< cf|Aullg41]|(Au)g(Au")|| g,y = cllAullga (—E) T+ ]
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Now we prove, using the assumptions (17), (18), the following version
of lemma 6 :

LEMMA 9. — We have
T 14
/ EXE gt <cE(S), 0<S<T < +oo. (44)
S

Proor. — Repeating the proof of lemma 6 (replacing p by p' every-
where), it only remains to prove an estimate of the form

E5F || Aull g1 (BT < e B5F — o) B! (45)

for all € > 0, with some positive constant ¢y, independent of e.

Consider first the case n < 4. Then we have
H4(Q) - W2’°°(Q) C W2"’+1(Q)

and therefore we deduce from (43) that the left-hand side of (45) is
majorized by

cEP%(—E')“r«‘1 .
The case ¢ = +00 hence follows at once :
CE™FH (—E) TR T = —cE*F B < .

If ¢ < +00, then we apply the Young inequality as follows :

cERF (—E)TTT < B LRy < R

Now consider the case n > 4 (then ¢ < +00). Let us recall that the
interpolational inequality
lvllg+1 < C”U”;n/(n—z)”v”;;/t(n_z;)
is valid whenever

1 n—2 n
0<t<1 d >t 1-—1¢
- - an q+1~ 2n +( )

2; : (46)
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Using the Sobolev imbeddings
HY(Q) c L*"=9(Q) and H?*(Q) c L*/(=9(Q)
and (43) hence we deduce that
|Aullgr < ellAulliy eyl Aullizig) < cllAulli ) < B2
and therefore the left-hand side of (45) may be estimated as follows :

I_ _x_ /—
CE*F | A1 (—E') T < cBFFE (—E) T

(47)

<eFE e c(e)E'.

Now let us choose

!

t:= max{z;:-ll +1—p',0} =max{2_+i(_1__pl),0}. (48)

Then

(P —1+4+t)(g+1)>p' +1

and therefore (47) will imply (45) as soon as we show that ¢ satisfies the
condition (46).

The property 0 < ¢t <1 is obvious. Indeed, we have ¢t > 0 by definition
and the inequality ¢t < 1 follows from the inequlity

24¢(1-p)=g+1+(1-gp) <qg+1.
The second condition in (46) may also be written in the form

1 >n—4+£.
q+1~ 2n n

(49)
If2+4¢(1-p') <0, then t = 0 and (49) follows from (17). If 24+¢(1—p') > 0,
thent = (2+¢(1 —p'))/(g+1) and (49) is easily seen to be equivalent to

, n( 1)
>—-({l—-=) -1
p=3 e

which is satisfied by (18).
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Consider finally the case n = 4 (¢ < +oo in this case, too). Let us
choose t € [0,1] again by (48) and choose s > 2(q + 1) arbitrarily. Then

11 1t 1ot
g+1 7 2(¢q+1) 2(¢g+1) 4 s
whence

[ollg+1 < cllollgllolly™"

Using the Sobolev imbeddings
HY(Q) C L*(Q) and H?*(Q)C L*(Q)
hence we deduce that
[Aullg41 < el Aullf gy lAullinig) < cllAullfngy < cE'/?

and the proof of (45) may be finished as in the case n > 4 (cf. (47)). [

Theorem 2 now follows from lemmas 1 and 9, by using the estimates
(2), (4) witha=(p' —1)/2and A=c. []

References

[1] F. Conrad, J. Leblond and J. P. Marmorat, Stabilization of second
order evolution equations by unbounded nonlinear feedback, to appear.

[2] F. Conrad and B. Rao, Decay of solutions of wave equation in a star-

shaped domain with nonlinear boundary feedback, Asymptotic Analysis,
to appear.

[3] A. Haraux, Oscillations forcées pour certains systemes dissipatifs
non linéaires, Publication du Laboratoire d’Analyse Numérique No. 78010,
Université Pierre et Marie Curie, Paris, 1978.

[4] A. Haraux, Semi-groupes linéaires et équations d’évolution linéaires
périodiques, Publication du Laboratoire d’Analyse Numérique No. 78011,
Université Pierre et Marie Curie, Paris, 1978.

[5] A. Haraux, Semi-linear wave equations in bounded domains, Mathe-
matical Reports, Vol. 3, Part 1, J. Dieudonné Editor, Harwood Academic
Publishers, Gordon and Breach, 1987.



Decay estimates for a Petrovsk:i system 15

[6] A. Haraux and E. Zuazua, Decay estimates for some semilinear
damped hyperbolic problems, Arch. Rat. Mech. Anal. (1988), 191-206.

[7] V. Komornik, Rapid boundary stabilization of the wave equation,
SIAM J. Control Opt. 29(1991), 197-208.

[8] V. Komornik, Decay estimates for some semilinear evolution sys-
tems, to appear.

[9] V. Komornik, On the nonlinear boundary stabilization of the wave
equation, Chinese Annals Math., to appear.

[10] V. Komornik, On the nonlinear boundary stabilization of Kirchoff
plates, to appear.

[11] V. Komornik, On some integral and differential inequalities, to
appear.

[12] V. Komornik and E. Zuazua, A direct method for the boundary
stabilization of the wave equation, J. Math. Pures Appl. 69(1990), 33-54.

[13] J. Lagnese, Boundary stabilization of thin plates, SIAM Studies in
Applied Mathematics 10, STAM, Philadelphia, PA, 1989.

[14] J. Lagnese and G. Leugering, Uniform stabilization of a nonlinear
beam by nonlinear boundary feedback, J. Diff. Equations 91(1991), 355-
388.

[15] I. Lasiecka and D. Tataru, Uniform boundary stabilization of
semilinear wave equation with nonlinear boundary conditions, Differential
and integral equations, to appear.

[16] J.-L. Lions and W. A. Strauss, Some non-linear evolution equations,
Bull. Soc. Math. France 93(1965), 43-96.

[17]) M. Nakao, On the decay of solutions of some nonlinear dissipative
wave equations in higher dimensions, Math. Z. 193(1986), 227-234.

[18] E. Zuazua, Stability and decay for a class of nonlinear hyperbolic
problems, Asymptotic. Anal. 1,2 (1988), 161-185.

Université Louis Pasteur, Département de Mathématique, 7, rue René
Descartes, 67084 Strasbourg Cedez, France




1011

1012

1013
1014

1015

1016

1017

1018
1019

1020

1021
1022

1023
1024

1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042

1043
1044

1045
1046
1047

_ Recent IMA Preprints
Author/s Title

E.G. Kalnins, Willard Miller, Jr. and Sanchita Mukherjee, Models of g-algebra representations:
Matrix Elements of U,(su2)

Zhangxin Chen and Bernardo Cockburn, Error estimates for a finite element method for the
drift-diffusion semiconductor device equations

Chaocheng Huang, Drying of gelatin asymptotically in photographic film

Richard E. Ewing and Hong Wang, Eulerian-Lagrangian localized adjoint methods for reactive transport
in groundwater ;

Bing-Yu Zhang, Taylor series expansion for solutions of the Korteweg-de Vries equation with respect |
to their initial values

Kenneth R. Driessel, Some remarks on the geometry of some surfaces of matrices associated with
Toeplitz eigenproblems

C.J. Van Duijn and Peter Knabner, Flow and reactive transport in porous media induced by well
injection: Similarity solution

Wasin So, Rank one perturbation and its application to the Laplacian spectrum of a graph

G. Baccarani, F. Odeh, A. Gnudi and D. Ventura, A critical review of the fundamental semiconductor
equations

T.R. Hoffend Jr., Magnetostatic interactions for certain types of stacked, cylindrically symmetric
magnetic particles

IMA Summer Program for Graduate Students, Mathematical Modeling

Wayne Barrett, Charles R. Johnson, and Pablo Tarazaga, The real positive definite completion problem
for a simple cycle

Charles A. McCarthy, Fourth order accuracy for a cubic spline collocation method

Martin Hanke, James Nagy, and Robert Plemmons, Preconditioned iterative regularization for I11-posed
problems

John R. Gilbert, Esmond G. Ng, and Barry W. Peyton, An efficient algorithm to compute row and column
counts for sparse Cholesky factorization

Xinfu Chen, Existence and regularity of solutions of a nonlinear nonuniformly elliptic system arising from a
thermistor problem

Xinfu Chen and Weiqing Xie, Discontinuous solutions of steady state, viscous compressible Navier-Stokes
equations

E.G. Kalnins, Willard Miller, Jr., and Sanchita Mukherjee, Models of ¢-algebra representations: Matrix
elements of the g-oscillator algebra

W. Miller, Jr. and Lee A. Rubel, Functional separation of variables for Laplace equations in two dimensions

I. Gohberg and I. Koltracht, Structured condition numbers for linear matrix structures

Xinfu Chen, Hele-Shaw problem and area preserved curve shortening motion ‘

Zhangxin Chen and Jim Douglas, Jr. Modelling of compositional flow in naturally fractured reservoirs ‘

Harald K. Wimmer, On the existence of a least and negative-semidefinite solution of the discrete-time algebraic ‘
Riccati equation \

Harald K. Wimmer, Monotonicity and parametrization results for continuous-time algebraic Riccati equations
and Riccati inequalities

Bart De Moor, Peter Van Overschee, and Geert Schelfhout, H, model reduction for SISO systems

Bart De Moor, Structured total least squares and L, approximation problems

Chjan Lim, Nonexistence of Lyapunov functions and the instability of the Von Karman vortex streets |

David C. Dobson and Fadil Santosa, Resolution and stability analysis of an inverse problem in electrical - \
impedance tomography — dependence on the input current patterns |

C.N. Dawson, C.J. van Duijn, and M.F. Wheeler, Characteristic-Galerkin methods for contaminant \
transport with non-equilibrium adsorption kinetics ‘

Bing-Yu Zhang, Analyticity of solutions of the generalized Korteweg-de Vries equatipn with respect-to their --
initial values |

Neerchal K. Nagaraj and Wayne A. Fuller, Least squares estimation of the linear model with autoregressive
€rrors

H.J. Sussmann & W. Liu, A characterization of continuous dependence of trajectories w1th respect to the input
for control-affine systems

Karen Rudie & W. Murray Wonham, Protocol verification using discrete-event systems

Rohan Abeyaratne & James K. Knowles, Nucleation, kinetics and admissibility criteria for propagating
phase boundaries

Gang Bao & William W. Symes, Computation of pseudo-differential operators

Srdjan Stojanovic, Nonsmooth analysis and shape optimization in flow problem

Miroslav Tuma, Row ordering in sparse QR decomposition



1048 Onur Toker & Hitay Ozbay, On the computation of suboptimal H* controllers for unstable
infinite dimensional systems

1049 Hitay Ozbay, H* optimal controller design for a class of distributed parameter systems

1050 J.E. Dunn & Roger Fosdick, The Weierstrass condition for a special class of elastic materials

1051 Bei Hu & Jianhua Zhang, A free boundary problem arising in the modeling of internal oxidation of
binary alloys

1052 Eduard Feireisl & Enrique Zuazua, Global attractors for semilinear wave equations with locally
distributed nonlinear damping and critical exponent

1053 I-Heng McComb & Chjan C. Lim, Stability of equilibria for a class of time-reversible,
D, z0(2)-symmetric homogeneous vector fields

1054 Ruben D. Spies, A state-space approach to a one-dimensional mathematical model for the dynamics of
phase transitions in pseudoelastic materials

1055 H.S. Dumas, F. Golse, and P. Lochak, Multiphase averaging for generalized flows on manifolds

1056 Bei Hu & Hong-Ming Yin, Global solutions and quenching to a class of quasilinear parabolic equations

1057 Zhangxin Chen, Projection finite element methods for semiconductor device equations

1058 Peter Guttorp, Statistical analysis of biological monitoring data

1059 Wensheng Liu & Héctor J. Sussmann, Abnormal sub-Riemannian minimizers

1060 Chjan C. Lim, A combinatorial perturbation method and Arnold’s whiskered Tori in vortex dynamics

1061 Yong Liu, Axially symmetric jet flows arising from high speed fiber coating

1062 Li Qiu & Tongwen Chen, H; and H, designs of multirate sampled-data systems

1063 Eduardo Casas & Jiongmin Yong, Maximum principle for state-constrained optimal control problems
covered by quasilinear elliptic equations

1064 Suzanne M. Lenhart & Jiongmin Yong, Optimal control for degenerate parabolic equations with
logistic growth

1065 Suzanne Lenhart, Optimal control of a convective-diffusive fluid problem
1066 Enrique Zuazua, Weakly nonlinear large time behavior in scalar convection-diffusion equations
1067 Caroline Fabre, Jean-Pierre Puel & Enrike Zuazua, Approximate controllability of the semilinear
heat equation
1068 M. Escobedo, J.L. Vazquez & Enrike Zuazua, Entropy solutions for diffusion-convection equations
with partial diffusivity
1069 M. Escobedo, J.L. Vazquez & Enrike Zuazua, A diffusion-convection equation in several space dimensions

1070 F. Fagnani & J.C. Willems, Symmetries of differential systems

1071 Zhangxin Chen, Bernardo Cockburn, Joseph W. Jerome & Chi-Wang Shu, Mixed-RKDG finite element
methods for the 2-D hydrodynamic model for semiconductor device mmulatxon

1072 M.E. Bradley & Suzanne Lenhart, Bilinear optimal control of a Kirchhoff plate

1073 Héctor J. Sussmann, A cornucopia of abnormal subriemannian minimizers. Part I: The four-dimensional case “
1074 Marek Rakowski, Transfer function approach to disturbance decoupling problem |
1075 Yuncheng You, Optimal control of Ginzburg-Landau equation for superconductivity ‘
1076 Yuncheng You, Global dynamics of dissipative modified Korteweg-de Vries equations i
1077 Mario Taboada & Yuncheng You, Nonuniformly attracting inertial manifolds and stabilization of beam |

equations with structural and Balakrishnan-Taylor damping ‘
1078 Michael B6hm & Mario Taboada, Global existence and regularity of solutions of the nonlinear string equation |

1079 Zhangxin Chen, BDM mixed methods for a nonlinear elliptic problem !
1080 J.J.L. Velazquez, On the dynamics of a closed thermosyphon |
1081 Frédéric Bonnans & Eduardo Casas, Some stability concepts and their applications in optimal control problems
1082 Hong-Ming Yin, £2#(Q)-estimates for parabolic equations and applications |
1083 David L. Russell & Bing-Yu Zhang, Smoothing and decay properties of solutions of the Korteweg-de Vries |
equation on a periodic domain with point dissipation 1
1084 J.E. Dunn & K.R. Rajagopal, Fluids of differential type: Critical review and thermodynamic analysis |
1085 Mary Elizabeth Bradley & Mary Ann Horn, Global stabilization of the von Karman plate ‘with boundary }

feedback acting via bending moments only - \

1086 Mary Ann Horn & Irena Lasiecka, Global stabilization of a dynamic von Kdrman plate with nonlinear 1
boundary feedback ‘

1087 Vilmos Komornik, Decay estimates for a petrovski system with a nonlinear distributed feedback

1088 Jesse L. Barlow, Perturbation results for nearly uncoupled Markov chains with applications to iterative
methods

1089 Jong-Shenq Guo, Large time behavior of solutions of a fast diffusion equation with source

1090 Tongwen Chen & Li Qiu, H., design of general multirate sampled-data control systems

1091 Satyanad Kichenassamy & Walter Littman, Blow-up surfaces for nonlinear wave equations, I

1092 Nahum Shimkin, Asymptotically efficient adaptive strategies in repeated games, Part I: certainty
equivalence strategies

1093 Caroline Fabre, Jean-Pierre Puel & Enrique Zuazua, On the density of the range of the semigroup for
semilinear heat equations



	1087.pdf
	2006_07_18_13_52_12.pdf



