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SOME APPLICATIONS OF A CLOSED-FORM SOLUTION FOR
N-FOLD COMPOUND OPTIONS

Rossella Agliardi
Dipartimento di Matematica per le Scienze Economiche e Sociali,
Universita di Bologna, Viale Filopanti, 5, Bologna, Italy
agl@unife.it

A pricing formula for N-fold compound options is derived, solving N nested
Black-Scholes differential equations and using multivariate normal integrals. The
explicit formula which is proved generalizes Geskes well-known expression. It
applies to a wide range of Finance problems, such as the pricing of risky coupon
bonds, the valuation of real investments with multiple real options and the anal-
ysis of managerial flexibility.



CORES FOR ELLIPTIC DIFFERENTIAL OPERATORS WITH
UNBOUNDED COEFFICIENTS ON RY AND INVARIANT
MEASURES

Angela Albanese
Diaprtimento di Matematica, Universita di Lecce,
Via Arnesano 73100 Lecce, Italy
angela.albanese@unile.it

Let A = ijzl aij(x)Di; + SN b;(x)D; be an elliptic differential operator
with unbounded coefficients on RY and assume that the associated Feller semi-
group (T'(t))¢>0 has an invariant measure p. The (T'(t));>0 extends to a strongly
continuous semigroup (7Tp(t))i>0 on LP(u) = LP(RY, ) for every 1 < p < oo.
We prove that, under mild condition on the coefficients of A, the space of test
function C,(RY) is a core for the generator (A, D,) of (T,(t))i>0 i n LP(u) for
1<p<oo.



FUNDAMENTAL SOLUTION AND PROPAGATION OF
SINGULARITIES IN SOME DEGENERATE HYPERBOLIC
CAUCHY PROBLEMS

Alessia Ascanelli
Dipartimento di Matematica, Universita di Ferrara,
Via Machiavelli, 35, 44100 Ferrara, Italy
alessia@dm.unife.it

We consider second order degenerate hyperbolic equations. The degeneration
comes from the weak hyperbolicity or from the too low regularity of the coef-
ficients of the equation with respect to time. We prove C'°° well posedness of
the Cauchy problem for this kind of equations by constructing the fundamental
solution for an equivalent first order system and we study the propagation of sin-
gularities of the Cauchy data. The fundamental solution is produced as a matrix
of Fourier integral operators of order § > 0, using the method of multi-products
of phase functions. Then we study the propagation of singularities of the Cauchy
data, showing that if the coefficients of the equation are singular only at t = 0,
then singularities of the solution propagate along the simple bicharacteristic lines
as in the non degenerate case, while if the equation is singular elsewhere we may
have a flux of broken bicharacteristics at points of singularity.



ON TIME-PERIODIC SOLUTIONS TO THE NAVIER-STOKES
EQUATIONS IN CYLINDRICAL DOMAINS. LERAY’S PROBLEM

Hugo Beirao da Vega
Dipartimento di Matematica Applicata, Universita di Pisa,
Via Bonanno, 25/B 56126 Pisa, Italy
bvega@dma.unipi.it

Let A be an open bounded regular set in R™ and consider the cylinder B =
A x R. Let g(t) be an arbitrary T-periodic real function. We prove that there is
one and only one T-periodic solution to the Navier-Stokes equations in B which
vanishes on the boundary, is parallel to the axis of the cylinder and, moreover
has at any time total flux equal to g(¢). The proof follows from a more general
theorem. The above result is then applied to extend classical results on the
Leray’s problem from the stationary to the periodic case.



SURJECTIVE CONVOLUTION OPERATORS ON VECTOR
VALUED DISTRIBUTIONS

José Bonet
Departamento de Matemaética Aplicada,
Universidad Politécnica de Valencia, E-46071 Valencia, Spain
jbonet@mat.upv.es

We report on joint work with P. Domanski.

The following problem is considered: Suppose that T is a surjective convo-
lution operator on the space of ultradistributions of Beurling type D/ (G) on an
open subset G of RN. Let E be a complete locally convex space. Under which
conditions is the vector valued convolution operator T'® Id from D! (G, E) into
D! (G, E) also surjective? Results of this type are motivated by the problem of
solving of linear partial differential operators depending on a parameter. The
most interesting cases are when FE is a Fréchet Schwartz space or a (LS)-space,
i.e. the dual of a Fréchet Schwartz space.

Several results were already known. Partial results for operators on spaces
of vector valued real analytic functions were obtained by us. In the case of
distributions, when 7" is a hypoelliptic linear partial differential operator P(D)
with constant coefficients and G is convex, P(D) ® Id is surjective on D'(G, E)
for every Fréchet space E and for complete (LB)-spaces E which satisfy the
condition (A) of Vogt. These results were obtained by Petszche in 1980. He had
continued the work of Vogt. In fact, Vogt proved in 1983 that, for certain elliptic
operators P (D), the condition (A) is necessary and sufficient for the surjectivity
of P(D) ® Id if the space E is a complete (LB)-space.

The problem mentioned above is related to the theory of the vanishing of the
functor Ext! in the category of (PLS)-spaces (i.e., projective limits of sequences
of duals of Fréchet-Schwartz spaces) and with the theory of the vanishing of the
first derived functor of the projective limit functor for locally convex spaces. We
present characterizations of those pairs (F, X) of a Fréchet Schwartz space F'
(which is the dual of E in our problem) and an ultrabornological (PLS)-space
X = projy Xy (which is the kernel of T" in our problem) such that every exact
sequence of (PLS)-spaces

0—-X—-Y—>F—0

splits. Our result provides an extension of Vogt Wagner (DN) — () splitting
theorem. More concrete evaluations for power series spaces F' or for a sequence
space X, the kernel of a convolution operator on D/ (G) or a space of quasian-
alytic functions on the real line have been obtained. We are able to omit the
ellipticity or hypoellipticity assumptions of Vogt and Petszche, and prove that if



a convolution operator T : D/ (G) — D! (G) is surjective (G convex), then the
FE-valued corresponding operator is surjective, when £ is the dual of a power
series space of infinite type (for instance, when E is isomorphic to the space of
germs of holomorphic functions over a point).



SUBEXPONENTIAL DECAY AND REGULARITY FOR
HYPOELLIPTIC OPERATORS

Marco Cappiello
Dipartimento di Matematica, Universita di Ferrara,
Via Machiavelli, 35, 44100 Ferrara, Italy
cppmrc@unife.it

We discuss the Gevrey regularity and the subexponential decay for solutions
of the equation Pu = f, where P is a pseudodifferential operator. The symbol of
P is assumed to satisfy particular polynomial estimates and identifies a class of
symbols which generalizes the classes SG. We study this problem in the functional
framework of the Gelfand-Shilov spaces of type S. Starting from a solution u in
the dual spaces and from a regular datum f, we are able to precise the regularity
and the decay of u, under suitable hypoellipticity assumptions for P. The results
reported here have been obtained in collaboration with T. Gramchev and L.
Rodino.
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ASYMPTOTIC ANALYSIS OF EIGENVALUE PROBLEMS

Michel Chipot
Angewandte Mathematik, Universitat Ziirich,
Winterthurerstr. 190 CH-8057 Ziirich, Switzerland
chipot@amath.unizh.ch

We study the asymptotic behaviour of the eigenvalues and eigenfunctions of

elliptic problems when the size of the domain on which the problem is set becomes
unbounded.
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WELL-POSEDNESS FOR A CLASS OF DEGENERATE
HYPERBOLIC CAUCHY PROBLEMS

Massimo Cicognani
Dipartimento di Matematica, Universita di Bologna,
Piazza di Porta San Donato, 5, Bologna, Italy
cicognan@dm.unibo.it

The aim of this talk is to give an uniform approach to different kinds of
degenerate hyperbolic Cauchy problems. We prove that a weakly hyperbolic
equation, satisfying an intermediate condition between effective hyperbolicity and
the Levi condition, and a strictly hyperbolic equation with non-regular coefficients
with respect to the time variable, can be reduced to a first order system of the
same type. For such a system we prove an energy estimate in Sobolev spaces (with
a loss of derivatives) so obtaining the well-posedness of the Cauchy problem in
Cc*.
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NONNEGATIVE FUNCTIONS AS SQUARES OR SUMS OF
SQUARES

Ferruccio Colombini
Dipartimento di Matematica, Universita di Pisa
Largo Bruno Pontecorvo, 5, 56127 Pisa, Italy
colombin@dm.unipi.it

We prove that, for n > 4, there are C'*° nonnegative functions f of n variables
(and even flat ones for n > 5) which are not a finite sum of squares of C? functions.
For n = 1, where a decomposition in a sum of two squares is always possible, we
investigate the possibility of writing f = ¢g?. We prove that, in general, one cannot
require a better regularity than g € C''. Assuming that f vanishes at all its local
minima, we prove that it is possible to get g € C? but that one cannot require
any additional regularity. Finally we give a necessary and sufficient condition in
order to obtain g € C2.

These results are contained in a joint paper with J.-M. Bony, F. Broglia and
L. Pernazza.
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THE OPERATOR SPLITTING METHOD: NONLINEAR
HYPERBOLIC BALANCE LAWS AND A GENERALIZATION OF
TROTTER-KATO FORMULAS

Andrea Corli
Dipartimento di Matematica, Universita di Ferrara
Via Machiavelli 35, 44100 Ferrara, Italy
crl@unife.it

The operator splitting method has been proved to be a successful technique
for solving many evolution problems where the dynamics can be decomposed in
two or more simple flows. This is the case, for instance, of nonlinear hyperbolic
systems of balance laws, both from the analytical and numerical point of view.
We present in this talk some recent results showing two different applications of
this method.

First, we consider an n x n system of hyperbolic balance laws, in one space
dimension. The homogeneous part of the system is of Temple type, i.e., shock
and rarefaction curves are coinciding. We assume moreover that there exists a
set that is invariant both for the conservative part and for the system of ordinary
differential equations associated to the source term. By a suitable operator split-
ting method we prove the well-posedness (existence and continuous dependence
from the data) for large times of such a system. Applications to vehicular traffic
flow are provided.

Motivated by such results we consider, in an abstract metric setting, when a
sum of two nonlinear semigroups can be defined. This can be achieved by means
of the operator splitting technique, and a generalization of Trotter-Kato product
formulas to nonlinear semigroups is obtained. This lead to the introduction of a
sort of semilinear structure on subsets of the family of semigroups defined on a
metric space.

References

1. P. Bagnerini, R. M. Colombo and A. Corli, On the role of source terms in
continuum traffic flow models , preprint, 2004.

2. R. M. Colombo and A. Corli, On a class of hyperbolic balance laws, to
appear on J. Hyperbolic Differential Equations, 2004.

3. R. M. Colombo and A. Corli, A semilinear structure on semigroups in a
metric space, Semigroup Forum 68 (2004), 419-444.
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HOLONOMIC SYSTEMS ON SYMPLECTIC MANIFOLDS

Andrea D’Agnolo
Dipartimento di Matematica Pura ed Applicata,
Universita di Padova, Via Belzoni, 7 35131 Padova, Italy
dagnolo@math.unipd.it

WKB microdifferential operators are defined on the cotangent bundle T*X
to a complex manifold X. Open subsets of T*X are local models for a complex
symplectic manifold Y. Even though a globally defined ring of WKB microd-
ifferential operators might not exist on Y, microdifferential modules do make
sense. In particular, we will prove the existence of twisted simple holonomic
modules on smooth Lagrangian submanifolds of Y.
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SUBELLIPTICITY FOR SOME SYSTEMS OF COMPLEX
VECTOR FIELDS

Makhlouf Derridj
Upresa Cnrs 6085, site Colbert, Universit de Rouen,
F76821 Mont Saint-Aignan, France
derridj@club-internet.fr

Given (Ly,...,Ly),p complex vector fields in a neighborhood w of the origin
in R™, one searches conditions under which one has: 3¢ > 0, C > 0 such that

P
lulle < C [ D ILzull + llull | Vu € C®*(w) (1)
j=1
where ||- || and || - ||c are norms in L*(R") and the Sobolev space H¢, respectively.
In the case when Ly, ..., L, are real, the celebrated result of L. Hormander answers

this question in terms of the Lie algebra generated by the vector fields.

Also when p = 1, Ly complex, L. Hérmander studied (1), in terms of brackets
between ReL; and ZmL, with microlocal results.

Here, we consider the case when p = n, and

szaiﬂggai in wcCRT, (2)

with ¢ € C'(w;R),w; neighborhood of 0 in R™, ¢ = ¢(t), (0) = 0. To answer
(1), (L1, ..., Ly) given by (2), we have in fact to prove microlocal subellipticity in
positive and negative directions dual to the x—variable. For that we give a general
hypothesis on ¢, in order to obtain affirmative answer with a precise € > 0. H.
Maire has studied (1), (2), using combinations of the results of L. Hormander.

We give classes of functions ¢ satisfying our general hypothesis and consider
in particular, in R? (case n = 2), homogeneous functions . (Nie and Helffer gave
some abstract conditions in the case of homogeneous polynomials ).
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COMPRESSIBLE LIQUIDS IN A CAPILLARY TUBE

Robert Finn
Mathematics Department, Stanford University,
CA 94305-2125Stanford, USA
finn@Gmath.stanford.edu

We formulate and study a mathematical model for a compressible liquid in a
capillary tube. We establish necessary and sufficient conditions for existence and
for uniqueness (or for near-uniqueness) of solutions as graphs in tubes of gen-
eral section, and we provide universal height estimates, depending only on the
sectional geometry. We show that solutions exhibit discontinuous dependence
properties in containers with corners, analogous to those that are known for the
classical capillarity equation.

This work is joint with Maria Athanassenas. It addresses configurations with-
out mass constraint, such as occurs for a vertical capillary tube dipped into an
infinite liquid reservoir. A notable result is that if the contact angle exceeds 7 /2,
existence fails for tubes whose sections are sufficiently narrow. Physically, fluid
descends to the bottom of the tube, regardless of its length, a result that could
be tested experimentally.

In other work joint with Kevin Luli, we consider a prescribed mass of fluid
in a capillary tube closed at the bottom, under a supplementary hypothesis of
rotational symmetry. These configurations yield existence for all contact angles
less than 7, and solutions are unique when the angle does not exceed /2.

17



UNIFORM DECAY OF SOLUTIONS FOR WAVE EQUATIONS IN
THE EXTERIOR DOMAIN

Kunihiko Kajitani
Institute of Mathematics, University of Tsukuba,
1-1-1 Tennoudai, 305 Tsukuba Ibaraki, Japan
kajitani@math.tsukuba.ac. jp

We derive the uniform decay estimate of solutions for wave equations in the
outside of compact obstacles. Let u(t,z) be a solution of wave equation in the
exterior domain GG. Then we can obtain the estimate

lu(t,z)] < CA+t)~""V2 jor (t,z)eRxG

without assumptions on the boundary of the domain G.
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CORNER SINGULARITIES FOR THE STATIONARY
COMPRESSIBLE NAVIER-STOKES SYSTEM

Bruce Kellogg
A2IMI Department of Mathematics,
University of South Carolina, Columbia, SC 29208 USA
rbmjk@alltel.net

The solution of the 2-dimensional compressible Navier Stokes system in a
plane polygonal domain with specified boundary flow has, in general, singularities
at the vertices of the polygon. We shall discuss the problem of determining these
singularities, the consequences of these singularities for the resulting flow (in some
cases, they ”cause” interior irregularities in the solution), and some unresolved
questions in this area.
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THE EVOLUTIONARY COMPRESSIBLE NAVIER-STOKES
SYSTEM ON POLYGONAL DOMAINS

Jae Ryong Kweon
Department of Mathematics,
Pohang University of Science and Technology,
Pohang 790-784, South Korea
kweon@postech.ac.kr

In this talk T will discuss about the evolutionary compressible Navier-Stokes
system on polygonal domains. By extracting the corner singularities by the
Laplace equation, the lowest order of the corner singularity of the system is the
same as that of the Laplace equation. However, as shown in the heat equation,
the coefficient of the singularity, called the stress intensity factor, is expressed
by the convolution of some two functions in the time variable. This means that
the corner singularity is associated with each time. By a formula of pressure we
observe certain propagation of the corner singularity. An increased regularity for
the smoother part is shown in a suitable Banach space.
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ON THE GLOBAL SOLVABILITY OF KIRCHHOFF EQUATION
FOR NON ANALYTIC DATA

Renato Manfrin
Istituto Universitario di Architettura di Venezia,
30135 Venezia, Italy
manfrin@iuav.it

We study the global solvability of the problem:

U —m(/Q\Vu(ac,t)Fdx) Au =0, in Qx][0,00) (3)

u(z,0) = up(z), u(zr,0)=wui(z), =z (4)
where (2 is the whole space R™ (n > 1), or a bounded C? domain and
u(x,t) satisfies the Dirichlet boundary condition u| 5o = 0. Assuming

m(s) €C*, m(s) >8>0 in [0,00),

we give sufficient conditions for the existence of global solutions to problem (1),
(2) in terms of the spectral resolution of the initial data (ug, u1). In particular,
we do not require any smallness conditions and we assume only Sobolev type
regularity.
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HORMANDER’S LOCAL PHRAGMEN-LINDELOF PRINCIPLE
FOR SURFACES IN C*" CHARACTERIZED BY
HYPERBOLICITY CONDITIONS

Reinhold Meise
Mathematisches Institut, Heinrich-Heine-Universitat,
Universitatsstrale 1, 40225 Diisseldorf, Germany
meise@math.uni-duesseldorf.de

Joint work with R.W. Braun and B.A. Taylor

To characterize the surjectivity of linear partial differential operators with
constant coefficients on spaces of real analytic functions on convex open sets in
R"™, Hormander used the following local Phragmén-Lindel6f condition:

Definition. For £ € R™ and rp > 0 let V be an analytic variety in the ball
B(&,r9) € C™ which contains &. V satisfies PLj.(§) if there exist positive
numbers A and ry > rqy > ro such that each plurisubharmonic function u on
V N B(&,r1) which satisfies

u(z) <1, ze VNB(Er)andu(z) <0, ze VAR"NB(,r)

also satisfies
u(z) < A|Sz|, z € VN B(E,ra).

Analytic curves V in C™ through & € R™ satisfy PLj,.(£) if and only if V" is locally

hyperbolic at £&. In general, local hyperbolicity is sufficient but not necessary.
New necessary conditions for PL;,.(£) were derived in [1]. They were shown to
be characterizing for surfaces in C3. In the lecture a new approch to the problem

is presented which leads to a charcterization of the analytic surfaces V in C"
which satisfy PLj,.(§). This characterization is given in terms of limit varieties
T, 4V for V with respect to real simple curves v in C" and exponents d > 1 in
combination with hyperbolicity conditions in certain conoids.

References

[1] R. W. Braun, R. Meise, B. A. Taylor: The geometry of analytic varieties
satisfying the local Phragmén-Lindelf condition and a geometric character-
ization of the partial differential operators that are surjective on A(R*),
Trans. AMS 356, 1315-1383 (2004).
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A WEAK NOTION OF PSEUDOCONCAVITY FOR THE
TANGENTIAL CAUCHY-RIEMANN SYSTEM

Mauro Nacinovich
Dipartimento di Matematica, Universita di Roma Tor Vergata,
Via della Ricerca Scientifica - 00133 Roma, Italy
nacinovi@mat.uniroma2.it

The talk is a report on recent work, in collaboration with C.D.Hill, on regu-
larity and unique continuation properties for solutions of the tangential Cauchy-
Riemann system, under weaker pseudoconcavity assumptions for the Levi form.
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ON THE HYPOELLIPTICITY WITH A BIG LOSS OF
DERIVATIVES

Alberto Parmeggiani
Dipartimento di Matematica, Universita di Bologna,
Piazza di Porta San Donato, 5 - Bologna, Italy
parmeggi@dm.unibo.it

I will report on a recent result of C. Parenti and myself about necessary
and sufficient conditions for the hypoellipticity with loss of r 4+ k/2 derivatives
(r > 0) of some model classical pseudodifferential operators with symplectic
characteristics of multiplicity k.
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NONSTATIONARY POISEUILLE FLOW AND THE
SOLVABILITY OF NAVIER-STOKES SYSTEM IN A DOMAIN
WITH CYLINDRICAL OUTLETS TO INFINITY

Konstantin Pileckas
Institute of Mathematics and Informatics,
Akademijos 4, Vilnius 08663, Lithuania
pileckas@ktl.mii.lt

The existence and uniqueness of a solution to the nonstationary Navier—Stokes
system having a prescribed flux F'(¢) in an infinite cylinder is proved. We assume
that the initial data and the external forces do not depend on x3 and find the
solution (u, p) having the following form

u(z, t) = (Ul(‘r/a t)a UQ(mlv t)a U3(l‘/, t))a p(x, t) = ﬁ(l’l, t) - Q(t)$3 + pg(t),

where 2’ = (x1,22). Such solution generalize the nonstationary Poiseuille solu-
tions.

Nonstationary Navier—Stokes system is studied in a two and three-dimensional
domains with cylindrical outlets to infinity in weighted Sobolev function spaces.
For the two-dimensional problem it is proved that under natural compatibility
conditions there exists a solution with prescribed fluxes over cross-sections of
outlets to infinity and that this solution tends in each outlet to the corresponding
nonstationary Poiseuille flow. The decay rate of the solution is conditioned only
by the decay rate of an external force and initial data. In particular, if initial data
and external force have compact supports, the solution tends to the corresponding
nonstationary Poiseuille flow exponentially. The obtained results are true for
arbitrary values of norms of the data (in particular, for arbitrary fluxes) and
globally in time. For the three-dimensional case the analogous results are proved
either for small data (including fluxes) or for small time intervals.
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A LINK BETWEEN LOCAL SOLVABILITY AND PARTIAL
ANALITICITY

P.R.Popivanov
Institute of Mathematics and Informatics
of the Bulgarian Academy of Sciences,1113 Sofia,Bulgaria
popivano@math.bas.bg

This talk deals with the link between the local solvability and ” grosso modo”
the partial analyticity of the right hand side f of the PDE P(z, D)u = f,u being
a Schwartz distribution.The operator P with smooth coefficients is assumed to
be locally nonsovable at the origin.Usually,necessary conditions for local solvabil-
ity of P are proved by imposing a-propriate conditions on the symbol p of P
and by violating the well known Hormander’s a-priori estimate-necessary condi-
tion for local solvability of linear PDO. Certainly,the precise necessary conditions
should be imposed on the right hand side f, enabling this way the description
of the range of the operator P. In this direction we can mention the paper of
Grushin/1972/ on the nonsolvable Mizohata operator,the paper of Greiner-Kohn-
Stein/1975/giving complete results on the solvability of Lewy operator and the
paper of Ninomiya/1988/dealing with necessary and sufficient condition for local
solvability of the Mizohata operator. In this talk we consider second or higher or-
der degenerate parabolic nonsolvable operators and impose necessary conditions
on f for local solvability. They are of the form: An integral operator G with ex-
plicitely written kernel O(z,it), © being the Weierstrass function,and acting on f
should give an analythic function G(f) with respect to the space variable,the time
variable being fixed.The proof is reduced to the study of some mixed problem to
the backward parabolic operator.
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INTUITIVE AND COUNTERINTUITIVE ENERGY FLUX

Jeffrey Rauch
Department of Mathematics, University of Michigan,
Ann Arbor, Michigan, 48109
rauchQumich.edu

The theme of this talk is the computation and estimation of the flux and
absolute flux of energy across hypersurfaces for evolution equations. The main
surprise is that for smooth rapidly decreasing solutions of the wave equation or
Shrodinger equation in dimensions greater than one, the absolute flux of energy
across a hyperplane can be arbitrarily large compared to the total energy. For
the heat equation the absolute flux never exceeds half the energy.
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L, - L; DECAY ESTIMATES FOR WAVE EQUATIONS WITH
BOUNDED TIME-DEPENDENT COEFFICIENTS

Michael Reissig
Faculty of Mathematics and Computer Science
TU Bergakademie Freiberg, Germany
reissig@math.tu-freiberg.de

First we recall to the well-known L, — L, decay estimates
,g(l,l),c%
E)(t) [p,@ny < CA+) 20 a2 E@)(0) 1, @n) (5)
for the solutions to
ugg — Au~+ mu + dug =0, u(0,2) = p(z), w(0,z)=1(z),

where p=n—landc=0ifm=d=0,p=nandc=0ifm>0andd=0
and p=nandc=1ifm=0andd>0. Here1/p+1/g=1,1<p <2, N, >
n(l/p—1/q).

The goal of the lecture is to discuss such L, — L, decay estimates for solutions
of the Cauchy problem for strictly hyperbolic equations with bounded time-
dependent coefficients of the form

n

Uy — Z agi(t) gz, + m(t)u + d(t)uy = 0,u(0,z) = ¢(z),u (0, 2) = P(x). (6)
k=1

In particular, we are interested in the influence of oscillating behaviour in the
coefficients on L, — L, decay estimates. For this reason we introduce a classi-
fication of oscillations depending on the appearance of a mass or a dissipation.
We can observe the so-called log-effect which is known from the theory for wave
equations with non-Lipschitz coefficients in time. Instead of a loss of regularity
we have in our situation a loss of decay sg depending on the oscillating behaviour
itself, thus the desired L, — L, decay estimates read as follows:

so_L(l_1
B()(t) |, @n < CO+D" 26" VE@)0) |, @n)- (7)

Suitable non-standard symbol classes allow on the one hand the construction
of WKB-solutions for related ode’s with parameter £ and on the other hand
the representation of solutions for (2) by Fourier multipliers. Finally, a refined
Littman’s lemma or stationary phase method gives Klein-Gordon or wave decay
rates. Most of the results are optimal. We can construct counter-examples basing
on Floquet’s theory which do not allow L, — L, decay estimates. Some open
problems will complete the lecture.
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We report on recent results obtained in collaboration with T. Gramtchev, M.
Cappiello, E.Buzano, concerning the exponential decay of the solutions of elliptic
and hypoelliptic partial differential equations, globally defined in R™. In partic-
ular, we consider linear operators with polynomial coefficients which are elliptic
at infinity, as in Shubin, Boggiatto-Buzano-Rodino, Cordes, and others. The so-
lutions in &’ of the homogeneous equations are proved to belong to the so-called
Gelfand-Shilov classes, with exponents depending on the characteristic polyhe-
dron of the operator. Similar results are given for semilinear perturbations, under
suitable assumptions on the nonlinearity. Proofs are based on a-priori estimates,
fixed point techniques in Gelfand-Shilov spaces, construction of parametrices and
Fourier integral conjugation.
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In a joint work with Fabio Chalub, we introduce three new examples of kinetic
models for chemotaxis, where a kinetic equation for the phase-space density is
coupled to a parabolic or elliptic equation for the chemo-attractant, in two or
three dimensions. We prove that these models have global-in-time existence and
rigorously converge, in the drift-diffusion limit to the Keller-Segel model. Further-
more, the cell density is uniformly-in-time bounded. This implies, in particular,
that the limit model also has global existence of solutions.
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NECESSARY AND SUFFICIENT CONDITIONS FOR THE
SOLVABILITY OF THE EQUATION
divw =p (w € W&’2(Rm)m,m >1).

Christian Simader
Department of Mathematics, University of Bayreuth,
95440 Bayreuth, Germany
christian.simader@uni-bayreuth.de

While studying weak L2-solutions to Stokes and Navier-Stokes equations in
an infinite cylinder or layer with constant cross section I had to determine the
class of those p € L?(R™) such that the equation divw = p has a unique solution

w e VVO1 2(R™)™. In addition, there should hold an estimate of the VVO1 2(R™)™-
norm of the solution w by certain quantities depending on p.
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We consider the initial-boundary value problem

Vt+A(m,t,%)v+Vp:f(1:,t), V-v=0, (x,t)eQr=Q2x(0,T7), (1)

V(iL',O) = VO(:E)? V(.’E,t) - b(l’l,t), (2)
zeS
in n-dimensional bounded domain € whose boundary S € C?T®, a € (0,1),
can consist of several connected components. Here unknown are the vector field
v(z,t) = (v1,,,,v,) and the function p(z,t). By A we mean a second order
strongly elliptic operator with real coefficients whose principal part Ag satisfies
the condition

CTHEP I < Aol t,i€)n-n < CIEP®,  VE,n € R"\ {0}

with the constant C' > 0 independent of x, t. Equation of the type (1) arises in the
linearization of equations of motion of a certain class of non-Newtonian liquids.
The Stokes system corresponds to the case A = —vIA. We prove that arbitrary
solution of problem (1),(2) v € C?t®142/2(Qr), Vp € C**/%(Qr) satisfies the
two-sided inequality

o(T)™ (\V\02+m1+oc/2(QT) + \Vp|cw/2(QT)> < |flcaarz(@py + [Volozra(a)

a/2
+|a|c2+cx,1+cx/2(ET) + Z[Rk(at : n)]z(t,E/T)
k=1

< C(T)(’V’C2+a,l+a/2(QT) + ’vP‘CO‘*O‘ﬂ(QT))

where C'(Q) and chl/ 2(Qr) are isotropic and anisotropic Holder spaces, and
R are the Riesz operators on the surface S. Under necessary compatibility
conditions for the data, the related existence theorem for problem (1), (2) is
proved.
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We discuss the propagation of analytic regularity for Gevrey solutions to
semilinear systems with space dependent coefficients. The technique employed
is based on the theory of quasi-symmetrizers. This is a joint research with G.
Taglialatela.
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WHY ANALITICITY FOR PDE’s? AND WHERE?
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This talk will consider partial differential equations arising (originally) in
connection with functions of several complex variables and discuss the regularity
(analyticity) of their solutions and some consequences.
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In the first part, we consider a complex strongly hyperbolic linear system of
first order with constant coefficients. We state that, if the reduced dimension
of the system is enough large, the system is hermitian in convenient basises.
The second part is a common work with T. Nishitani. The system has variable
coefficients and is linear or quasi linear. We assume, for frozen coefficients, the
precedent assumptions and we state that the system is regularly “symmetrizable”;
that means the convenient matrix of change of basis is smooth in z (and in the
unknown function, in the quasi linear case).
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We discuss the splitting of a short exact sequence
0—G-—E - F_ 0

of nuclear Fréchet spaces, where F' need not admit a continuous norm, i.e. FE or
F may be spaces of smooth functions or sections of smooth bundles on an open
subset of R™ or on a g-compact C*°-manifold. If F is such a space then we give
a necessary and sufficient condition for the splitting of the sequence, in terms of
a condition on S and of linear topological invariants (Qoc) and (DNjye). This is
used to study the splitting of differential complexes and to give a condition for
splitting in terms of P(D)-convexity with bounds, so generalizing results of R.
Meise, B. A. Taylor, D. Vogt and V. P. Palamodov (see P. Domanski, D. Vogt, A
splitting theorem for the space of smooth functions, J. Funct. Anal. 153 (1998),
203-248 and D. Vogt, Splitting of exact sequences of Fréchet spaces in the absence
of continuous norms, J. Math. Anal. Appl. 297 (2004), no. 2, 812-832).
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We study the problem of existence of nontrivial bounded solutions to:
=0, (aij(7)0z;u) + a(x)u =0 in D'(RF),

when a;; and a are bounded functions in RF.
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AN INNOVATIVE USE OF KOBAYASHI METRIC IN INTEGRAL
GEOMETRY
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With L. Baracco and A. Tumanov

Let Dy C D be relatively compact strongly convex domains in C™ and let f
be a continuous function on dD; which extends holomorphically along analytic
discs with boundary in dD; and which are tangent to 0Dy. Is then f actually
holomorphic in D17 This problem is standing since long time. A positive answer,
maybe the unique so far, is when D; and D5 are balls with the same centers
(cf. ” Function Theory in the unit ball” by W. Rudin). The proof is founded in
harmonic analysis and seems unsuitable for generalization. We take, instead, the
view point of complex analysis and CR geometry. First, if one wants to deal with
general convex domains, one has to clarify which are the suitable ”discs” which
replace the straight complex lines in the case of the ball. Now, it appears that the
right geometric approach is the one of the ”stationary discs” that is the geodesics
in the Kobayashi metric. These discs carry a significant geometric meaning,
since they can be viewed as discs in the cotangent bundle T*C™ attached to the
conormal bundle Tj, C". The boundary being Levi-nondegenerate, this bundle
has no complex tangencies (it is "totally real”). By ”lifting” the function f to
these discs one obtains in a natural way a CR function overe a wedge in T*C"
with such a real edge to which one can apply the standard theory of holomorphic
extension of CR functions. But this construction turns out to be illusory. There
was no lift at all, and what we holomorphically extended was the function f itself.

38



