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ABSTRA CTS

A Study of Stack Perm utations
Dr.(Mrs)Suneeta Agarwal
A stack is awidely useddata structure. Someof its applications arein compilersfor cornverting
an expressionfrom inx form to prex or postx form, and also in recursive programming to
maintain the addressof returning points. In the present work we have studied the properties of
those permutations which are generatedusing single stack. We have also derived a formula for
nding the total number of such permutations on a given set of elemerts.

Mhask ar-Sa functional and variational principle for some hyp erbolic PDE's
A. Aptekarev

The extremal problems of electrostatics with presenceof the external eld play an important
role in an approac to someregularization of hyperbolic equations(the dispersionreqularization of
the inviscid Burger's equation, the continuum limit of the Toda lattice). The approad originated
and have beendeweloped by P. Deift and K. McLaughlin in their monograph \Continuum limit
of the Toda lattice”. We shall discussthe role of the famous Mhaskar-Sa functional in the
construction of a generalizedsolution for non-regularizedPDE's. An important obsenation is that
the M-S variational principle selectsa unique solution beyond the critical point which, in addition,
satis es the classicalHugoniot condition on the shock.

Asymptotics for discrete orthogonal polynomials and associated ensembles
Jinho Baik

We will discussthe Plancherel-Rotach-type asymptotics for the orthogonal polynomials with
respect to a generalclassof discrete weights. A consequencef sud asymptotics is various univer-
sality results for so-calleddiscrete orthogonal polynomial ensenbles which is a discrete version of
random matrix ensenbles. We will discussapplications to random tiling and last passageperco-
lation. This is a joint work with Thomas Kriecherbauer, Ken McLaughlin and Peter Miller. The
techinical tool is a Riemann-Hilbert analysis of discrete jump conditions.

Cauchy integrals, meromorphic appro ximation,
and inverse Neumann problems in 2-D
L. Baratchart

In the range 1 < p < 2, we give an LP theorem of the Jerison-Kenig type for the Neumann
problem on a nitely connected piecewiseCY plane domain with inward-pointing cusps; this
theorem assertsthe existenceand uniquenessof a solution in the Smirnov classEP for prescribed
LP ux onthe boundary satisfying the usual compatibilit y conditions. This allows us to represert
the solution asthe real part of a Caudhy integral on the boundary.

We then sketch how meromorphic approximation to this Caudy integral givesa meansto ap-
proach the inverse problem of detecting cradks, sources,or occlusionsin a 2-D conductor. Specif-
ically, we shall give a theorem relating the behaviour of the poles of the approximants to the
location of a piecewiseanalytic cradk or of the point sources,and discussa prototypical caseof
occlusion. We shall formulate a conjecture to the e ect that the lim inf in the Parfenov-Prokhorov
theorem (formerly Gonchar's conjecture) is atrue limit for complexi ed solutionsto such Neumann
problems, and mention other typesof approximation.

The talk is basedon joint with with E. B. Sa, H. Stahl, and F. Wielonsky.
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Entire functions with multiple zeros and polynomial controll
R. W. Barnard*, W. P. Dayawansaand C.F. Martin
We will discussour veri cation of a conjecture to a problem that arosein controlling an
autonomouslinear nite-dimensional system of the form

dx

— = Ax + bu

at ()
where x is in R" and A is the state matrix. Although a necessaryand su cien t condition for
the existenceof a controller and construction of a controller were given by Kalman in 1961, the
solution, or cortrol law, found by nding the point of minimum L2 norm on the linear variety

x(t)exp[ At] x(0) = Int[b u(s)exp A ¢9];s;0;T] ()

is not very practical for most purposes. Thus, the question becomesjust what cortrol laws are
contained in the solution setto (). We had answeredthis questionin most casesoy nding when
() had a polynomial cortroller in our earlier (2000) paper . However in the more common caseof
when the state matrix, A hasa single Jordan block, we were only able to show that the necessary
and su cien t condition for ( ) to be controllable with a polynomial of degreen is that the ertire
function

f(2) = Int[p(t) explz t];ft; 0;1q]

has no zerosof multiplicit y n + 1 when p(t) is a real polynomial of degreen 1 with nonnegative
coe cien ts and p(0) = 1. We conjectured that this was always true. We can now prove this
conjectureand indeedshow that this f (z) cannot have a zeroof multiplicit y n+ 1 for any polynomial
p(t) with arbitrary complex coe cien ts when p(0) is not equal 0.

Weighted polynomials on the real line
David Benko
We will considerweighted polynomials of the form w(x)" P, (x) where w(x) is a non-negative
xed weight. ProfessorSa intro ducedthe problem of nding the uniform closureof theseweighted
polynomials. In particular the Sa conjecturealsoarosefrom him. It wasalong standing conjecture
for a special classof weights which was nally proved by ProfessorTotik. In the talk we will give
a possibleextension of the problem.

Integral represen tation of some functions related to the Gamma function
Christian Berg
A function f : (0;1) ! (0;1) is called logarithmically completely monotonic if logf is
completely monotonic, i.e. ( 1)"D"(logf) 0 for n = 0;1;:::. The classof these functions is
denoted L. Recenly Feng, Guo and Chen [2] proved that

( x)=[(x+ D@+ 1=x)*=x2 L:

We prove in [1] that Stieltjes transforms belongto L and that aswell aslog are Stieltjes
transforms. We recall that Stieltjes transforms are functions of the form
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wherea 0and is anon-negative measure.
[1] C. Berg, Integral representation of somefunctions related to the Gamma function, to appear
in Mediterranean J. Math.
[2] Feng Qi, Bai-Ni Guo, and Chao-Ping Chen, Some completely monotonic functions involving
the Gamma and polygamma functions RGMIA Res. Rep. Coll. 7, No. 1 (2004), Art. 8.
Available online at http://rgmia.vu.edu.au/v7nl.h tml

On Asymptotics of the Weighted Riesz Energy for Rectiable Sets
S.V. Borodachov*, D.P. Hardin, E.B. Sa
Let dd2 N, d® d, A beacompactsetin R andw:A A'! [0;1) beaboundedon
A A function which is continuous and strictly positive at every point (x;x), x 2 A (a weight
function on A). For s> 0 the (w;s)-energy of the set A is de ned by

X Ly
EY(AN) = inf W),

If w(x;y) = 1, then the Rieszs-energy of the set A is de ned to be Es(A; N) := EY(A; N). Exact
asymptoticsasN ! 1 of the quartity Eg(A; N) were obtained in [1] for s = d and A being the
unit spherein R9*! in [2]{ fors 1 and A beinga nite union of recti able Jordan arcsin RY,
in [3]{ for s = d and A being a compact subset of a d-dimensional C*-manifold in R%, and for
s > d and compact setsA R® cortained in a nite union of bi- Lipschitz imagesof open bounded
setsfrom RY. Thesepapersalso nd asymptotic distribution of the energy minimizing points.

We generalizethe results of [3] by substituting \bi-Lipsc hitz" with \Lipschitz" in assumptions
about the set A for s > d, and extend this result to the caseof the (w; s)-energy.

Denoteby 4 the Lebesguemeasureof the unit ball in RY and by Hqy() { the d-dimensional
Hausdorf measurein R® normalized sothat its restriction to R9 coinsideswith the d-dimensional
Lebesguemeasure.

Theorem. Let A be a compact setin RY, Hq(A) > 0, and w be a weight function. If s> d
and A is a nite union of Lipschitz imagesof boundeal setsfrom RY, then

0, R
. EY(A; N _
Aim ﬁzcsd@ (w(x;x)) dHg(x)A
A

where Csq > 0 is a constant independent of A. If A is a subsetof a d-dimensional C*-manifold

. do
in R%, then OZ L
. EJ(AN) _ o R
Jim e = 0@ (wiix) TdHg(x)
A

In both casesany asymptotically energy minimizing sequene of N -point con gur ations on A has
the limit distribution with density 4 (w(x; x)) 95, x 2 A, where <4 is a normalization constant.

[1] A.B.J. Kuijlaars, E.B. Sa, Asymptotics for minimal discrete energy on the sphere, Trans.
Amer. Math. Scac. 350 2 (1998) 523{538.

[2] A. Martinez-Fink elstein, V. Maymeskul, E.A. Rakhmanov, E.B. Sa, Asymptotics for minimal
discrete Rieszenergy on curvesin RY (2002, to appear).
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[3] D.P. Hardin, E.B. Sa, Minimal Rieszenergypoint con gurations for recti able d-dimensional
manifolds, to appearin Advanesin Mathematics (2004).

Ab out the second term of the asymptotics for
optimal Riesz energy on the sphere
Johann S. Brauchart

The Rieszenergyof N points on the unit sphereis the sum of all Rieszdistances1=rs, s> 0,
r is the Euclidean distance, amongst the given points. A represenation of this energyis derived,
which yields lower bounds. As a consequenceve showv that the normalized optimal energy of N
points on the unit sphereinteracting through a Rieszpotential 1=r° variesfrom the energyintegral,
the main term of the asymptotics, at most by a constart times the power N *5¢ which is the
correct order of the secondterm of the asymptotics. This result is valid over the whole range
O0<s<d.

Univ alent harmonic mappings with Blaschke dilatations
D. Bshouty, A. Lyzzaik and A. Weitsman

The Rado-Kneser-Chajuet Theorem states that the Poissonintegral, f (z), of a monotone
boundary correspondenceof the unit circle into itself that winds oncearound, f (e, is univalert.
Sud functions are locally quasiconformaland their seconddilatation function, a(z), is an analytic
function in the unit disk that is boundedby one. If f is onto and continuousthen f is onto. On
the other hand, The GeneralizedRiemann Mapping (GRM)Theorem statesthat given a(z), there
exists a mapping from the unit disk into the unit disk with this dilatation suc that f mapsthe
unit circle into itself. Furthermore if a(z) < k < 1there then f is continuous. On the other hand
if ais a nite Blasdchke product, f isinto. In this talk we consider Blaschke Products for which
the corrreespnding GRM is onto the unit disk.

Orthogonal polynomials on the unit circle and unitary matrices |
M.J. Cantero, L. Moral, L. Velazquez

In this talk we show the relation betweenthe recertly deweloped v e-diagonal matrix repre-
sertation of unitary operators, and the Szegr connection for orthogonal polynomials on the unit
circle and the real line.

Someproperties and applications of this represeration are preseried. In particular we showv
how to obtain families of Schur parameters whose ass@iated measureshave a xed masspoint,
giving seweral explicit examples.

Alternativ e Orthogonal Polynomials and Spectral Metho ds
for Solving the Initial Value Problem
V. Chelyshkov

To construct orthogonal polynomials the orthogonalization procedure may be applied to an
original sequenceof functions beginning with an arbitrary number of the sequenceboth in the
direct and inverse order. Inverse orthogonalization leadsto alternativ ely constructed polynomi-
als. We considertwo sequenceof alternativ ely constructed orthogonal polynomials: exponertial
polynomials, which are orthogonal on the semi-axis, and alternative Legendre polynomials. We
describe all major properties of orthogonal polynomials for those sequences.
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Inverseorthogonalization leadsto redistribution of the zerosof common orthogonal polynomi-
als that makes possible dewveloping di erent Gauss-type quadratures. This facilitates application
of spectral methods to integrating the initial value problem. We develop implicit proceduresand
explicit recurrencealgorithms for solving the Cauchy problem. The approad is designedprimarily
for solving sti problems. It is rather exible. The explicit algorithm provides a trial value for the
implicit one,and the prediction-correction shift is also possibleon non-equidistant abscissasijf the
spectral spaceis involved in computations.

Nonlinear Appro ximation - Univ ersalit y and Stabilization
Wolfgang Dahmen

Nonlinear approximation conceptse.g. in the format of greedy algorithms or best N -term
approximation have gained considerabletheoretical and practical importance in a number of dif-
ferent areassud as data compression,statistical estimation and numerical analysis. This talk
highlights some recert dewvelopmerts with special emphasison e ects related to \univ ersality"
and \stabilization" that are perhapslessevidert than complexity aspects. This is exemplied in
the context of image compression/encaling, adaptive regressiontechniquesin learning theory and
adaptive solvers for operator equations. The common principles working in all these casesare
briey indicated. Universality meanshere that optimal distortion/complexit y rates are obtained
for a given model classwithout any a priori knowledge about (e.g. the smoothness of) the ob-
ject to be recovered. \Stabilization" meansthat in situations where cornventional discretizations
have to satify extra compatibilit y conditions (often complicating the trial spaces)certain nonlinear
adaptive solvers ensurethe required stability of the discretization in an automatic fashion.

On Discrepancy and Mesh Norm for
s-Extremal Con gurations on Compact Sets in R"
Steven Damelin

The problem of distributing a large number of points over the surface of a smooth manifold
is an interesting and widely studied problem with numerous applications in diverseareas. In this
talk, we will discussdiscrepancy and mesh norm estimates for N -arrangemers of points on a
classof d-dimensional compact setsembeddedin R" which interact through the power law (Riesz)
potential V = j j 5, wheres> Oandj j isthe Euclidean distancein R". Our results complemen
recert important and deeptheoremsobtained by Ed Sa and his collaborators. This is joint work
with P. Grabner and V. Maymeskul

Constructing Balanced Scaling Vectors From Existing Scaling Vectors
Matt Dawson*, Justin Grieves, and Bruce Kessler

The majority of the researt done into creating balanced multiw avelets has involved estab-
lishing a seriesof conditions on the mask of the new scaling vector by solving a large nonlinear
system. The result is a completely di erent new function vector solution to the dilation equation
with the new matrix coe cien ts. The researt presernied here will shav a way to use previously-
constructed orthonormal scaling vectors to generate equivalent orthonormal scaling vectors that
are balanced up to the approximation order of the previous scaling vector. The technique uses
linear combinations of the integer translates of the previous-constructedscaling vector. Examples
of the basesin image processingexampleswill be provided.



On Xu polynomial interp olation form ula in two variables

Len Bos, Marco Caliari, StefanoDe Marchi* and Marco Vianello
In the paper Lagrangeinterpolation on Chebyshevyoints of two variables J. Approx. Theory
87(1996), Y. Xu proposeda set of Chebyshevlike-points for polynomial interpolation in the square
[ 1;1]?, and derived a compactform of the corresponding Lagrangeinterp olation formula. To recall
the Xu interpolation formula of degreen (for evenn) in the square[ 1;1]%, we rst considerthe
Chebyshev-Lobatto points on the interval [ 1;1], zx = z.n = coskT; k= 0;:::;n. Then, we
construct the Xu interpolation points on the square,that is the two dimensional Chebyshev array

Xn = fX;.sg of dimensionN = n(n + 2)=2

( :
Xoii2j+1 = (Z2i1Z2j+1); O
Xoi+1:2) = (Z2ie1;22)); O i

;0 m 1;

m j
m 1,0 j m:
The Xu interpolant in Lagrangeform of a given function f on the square[ 1;1]% is

K (X: Xr:s)

X
LXYf (x) = f(Xpg) 0——;
n ( ) ( r’S)Kn(Xr;S;Xr;S)

Xr;SZXN

(1)

LXUf 2 v2, with 2 ;| V2 2 and where the polynomials K ,( ; X,:s) are given by

K,(X;Xrs) = %(Kn(X;Xr;s) + Kns1 (X5 Xr3s)) %( D'(Ta(x1)  Ta(x2)) ;

herexq; x, are the coordinates of the genericpoint X = (X1;X») and T, is the rst kind Chebyshev
polynomial of degreen, T,(x) = cogn arccosx).
The polynomials K, (x;y) can be represerted in the form

Kn(X;¥) = Dn( 1+ 15 2+ 2)+Dp( 2+ 15 2 2+
+ Dn( 1 1, 2+ 2)+ Dn( 1 1; 2 2);
X = (cos 1;€08 2); Yy = (COS 1;CO0S 2);

where the function D, is de ned by

cos(h 1=2) )cog=2) coq(n 1=2) )coy =2)

Dn(; =
n(5 ) cos  coS

NI =

In the talk we rst present somenew results about computational aspectsof Xu polynomial inter-
polation formula. In particular we discusshow to implement formula (1) in an e cien t and stable
way. Then the numerical study of the assaiated Lebesgueconstart XU is considered. From
experimerts, we shaw that XY grows asymptotically like (2 log(n + 1))2. This con rms the near-
optimality of the Xu points for polynomial interpolation on the square. Finally, we provide some
applications to the reconstruction of various test functions on di erent setsof points. In particular
we will shaw that the Xu points are competitiv e with the Padua points for polynomial interp olation
in the square(cf. M. Caliari, S. De Marchi, M. Vianello Bivariate polynomial interpolation on the
square at new nodal sets to appearin Applied Math. Comput.).



Adaptiv e Metho ds for Online Learning
Ronald DeVore
Learning theory has three componerts: approximation, probability, and numerics. We shall
discuss how ideas from approximation sud as adaptive partitioning can be used to construct
algorithms for the regressionproblem in supervised learning. We prove the optimality of sud
algorithms in the framework of accuracyin approximating the regressionfunction from the given
data.

Riesz spherical potentials with external elds and
minimal energy points separation
P. D. Dragnev* and E. B. Sa

We considerthe minimal energy problem on the sphereS¢ for Riesz potentials with external
elds. Fundamertal existence, uniqueness,and characterization results are derived about the
assaiated equilibrium measure. As an application we obtain the separation of the minimal s-
energypoints ford 1 s< d. The explicit form of the separation constart is new even for the
classicalcaseof s=d 1.

Linear Com binations of Orthogonal Polynomials
A F Beardonand K A Driver*

It is well known that if pg; py1;::: is a sequenceof real monic polynomials, with p, of degreen,
that is orthogonal with respectto a Borel measure supported on aninterval I ( ) in R, then the
n zerosof p, are real, distinct and lie in 1( ). Further, p, and p,+1 have no common zerosand
betweenany two adjacert zerosof p,+1 there is a single zero of p,, usually called the interlacing
property.

We considerthe interlacing properties of the zerosof somelinear combinations of orthogonal
polynomials. We prove interlacing properties for the zerosof p = agps + + 8mPm, 8am 6 0O,
s m nands < n with those of p, in the caseswhen p and p, have common zeros and
when they do not. We also considerthe interlacing of the zerosof the polynomials ap, + bp+1
and asps + + an+1 Pn+1 and we shaw that if ad bc 6 0, the polynomials ap, + bp+1 and
cpn + dph+1 have no common zerosand their zerosare interlaced.

Zero asymptotic behaviour for orthogonal matrix polynomials and examples
A. J. Duran
In the paper Zero asymptotic behaviour for orthogonal matrix polynomials, J. d'Anal. Math.,
78, (1999), 37-60,by E.B. Sa, P. Lopezand myself, we establishedzero behaviour for orthogonal
matrix polynomials under the hypothesis of having corvergert recurrence coe cien ts. At that
momert (1999), we could not complete that result with any examplesof families satisfying suc
natural hypothesis. The purposeof this talk is to show such examples,that is, weight matrices
having families of orthogonal matrix polynomials with convergert recurrencecoe cien ts. In ad-
dition, those orthogonal matrix polynomials also satisfy other very important property: as the
classical scalar casesof Jacobi, Laguerre and Hermite, they also satisfy secondorder di eren tial
equationswith di erential coe cien ts independert of n.



Trans nite  diameter, Chebyshev constan t,
and capacity on locally compact spaces
B. Farkas* and B. Nagy

By the breakthrough works of Fugledeand Ohtsuka generalpotential theory hasbeenextended
even to locally compact Hausdor spaceswith kernels satisfying rather minimal assumptions. In
sudh generalsetting Wiener capacity of a compact set K is de ned asthe minimal possibleenergy
integral of probability measuressupported on the set K. Although trans nite diameters and
Chebyshev constarts were already investigated in more genreality than the classical caseof C,
the extension of these notions to locally compact spaceswas not presert in the literature. To
de ne these quartities one has a natural extension starting from the logarithmic kernel, but the
approad proposed,e.g., by Zaharjuta doesnot go through. Indeed, we apply ideas going badk
already to Carleson,to de ne log-polynomials and the related quartities, the trans nite diameter
and the Chebyshev constart of a subset of a locally compact space. We also investigate the
relationship with the various capacities de ned by Fuglede. In fact, we prove the equivalence
of the de ned quartities under fairly general assumptions, among which the most important is
Frostman's maximum principle.

A new class of constructiv e appro ximations on the sphere
M. Ganesh* and H.N.Mhaskar

We construct interpolatory approximations of functions de ned on the sphereby a new class
of weighted orthonormal polynomials. The nite dimensional spacein which we seekinterp olatory
approximations is spannedby a restricted classof the assaiated Legendrefunctions and trigono-
metric polynomials of degreeat most N. We solve two open problems on the sphere concerning
construction of an interpolatory operator with uniform norm lessthan O(N), and a discrete or-
thogonal projection operator with minimal quadrature rule on the sphere.

Polynomials orthogonal with respect to densely oscillating and
exp onentially decaying weight functions
Walter Gautschi
Software (in Matlab) is developed for computing variable-precisionrecurrencecoe cien ts for
orthogonal polynomials with respectto the weight functions 1+ sin(1=t), 1+ cog1=t), e = on|[0;1],
aswellase ¥ ton[0;1]ande ¥  on[1 ;1 ]. Numerical examplesare given involving
Gaussquadrature relative to theseweight functions.

Minimal Riesz energy point con gurations for
rectiable d-dimensional manifolds
D. P. Hardin and E. B. Sa

We investigate the energyof arrangemens of N points on a recti able d-dimensionalmanifold
A R® that interact through the power law (Riesz) potential V = 1=r%, wheres > 0 and
r is Euclidean distance in RY". With E(A;N) denoting the minimal energy for such N -point
con gurations, we determine the asymptotic behavior (as N ! 1) of E(A;N) for each xed
S d. Moreover, if A has positive d-dimensional Hausdor measure, we shov that N -point
con gurations on A that minimize the s-energy are asymptotically uniformly distributed with
respect to d-dimensionalHausdor measureon A whens d. Evenfor the unit sphereS? R,
theseresults are new.



Zeros of Trib onacci Polynomials
William Goh, Matthew He and Paolo Ricci
In this paper we solve a conjecture on the zerosof R-Bonacci polynomials in the casewhen
R = 3 and determine the distribution of the zerosof the Trib onacci polynomials.

Cubature on the Sphere { Optimal Estimates of the
Worst-Case Error in Sobolev Spaces
K. Hesse*and I. H. Sloan

In this talk | will presen results, from joint work with lan H. Sloan, on the rate of convergence
of cubature (numerical integration) rules on the sphereS?. We considersequence$Q,) of cubature
rules Q, with the following properties: (i) Qn is exactfor spherical polynomials of all degreesup to
n, and (i) Qn haspositive weights (or alternativ ely the sequencgQ,) satis es a certain regularity
property). We shav with a novel argumen, that the worst-casecubature error in the Sobolev space
HS(S?), s> 1, for such a sequenceof cubature rules hasthe optimal order of corvergenceO(n 9).
Examplesof rules with the required propertiesinclude positive weight product Gaussrules and the
equal weight rules basedon any spherical n-design. Interpolatory cubature rules basedon extremal
fundamental systemsalso satisfy theseassumptionsif they turn out to have positive weights (as is
indicated by numerical evidence).

On the Eigenstructure of the Bernstein Kernel
Uri Itai and Zvi Ziegler

The Bernstein operator and the Bernstein polynomial basis are both intrinsic parts of ap-
proximation theory. This paper discusseghe spectral properties of the Bernstein kernel with all
its variants. Degreereducing operators, (i.e., lower triangular matrices) are widely used within
approximation theory. The eigenstructure of those matrices can be easily deduced. This paper
identi es and usestheseresults.

Cooper and Waldron (1999) discussecdthe eigervaluesof the Bernstein operator. Their de ni-
tion will be employed in order to describe the asymptotic behavior of the Bernstein operator. This
operator, applied to a continuous function f , convergesto the straight line that connects(0;f (0))
and (1;f (1)). Furthermore, the rate of corvergenceto the straight line is determined by the third
eigernvalue of the Bernstein operator (the largest eigervalue that doesnot equal 1). The matrix
represenation of the limit operator is discussed.

Similar phenomenaoccur in someof the variants of the Bernstein operator. The Bernstein-
Kantorovich operator is a lower triangular (in the standard basis) and diagonalizable operator.
Therefore, its asymptotic behavior can be deducedand applied to a cortinuous function f , which
corvergesto a constart. The rate of corvergenceto a constart is determined by the second
eigenvalue (the largest eigervalue that doesnot equal 1). The Bernstein-Durrmeyer operator is
self adjoint and lower triangular (in the standard basis). Hence, its eigenpolynomials are the
Legendre polynomials. The operator's asymptotic behavior can be deducedfrom its eigervalues
and applied to a continuous function f , which convergesto the mean value of the function in the
interval. The rate of convergenceto the mean value is determined by the secondeigervalue (the
largest eigervalue that doesnot equal 1).

Howewer, the transformation matrix from the standard basis to the Bernstein basis is not
diagonalizable. This matrix has an interesting eigensructure: the coe cien ts of the eigervectors
have alternating signs. Furthermore, the asymptotic behavior of the transformation matrix is not
standard; the limit operator diverges.
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The non-diagonalizability of the transformation matrix from the standard basisto the Bern-
stein basisis a feature that also exists in similar cases.In fact, two other transformation matrices,
those of the Wilkinson polynomial basisand the reducedBernstein polynomial basiswill be shovn
to exhibit similar behavior.

In order to circumvert these di culties, the SVD matrix method will be employed. Both
the operator matrix and the transformation matrix SVD matrices are positive de nite. The SVD
matrix assaiated with the transformation is a strictly totally positive. However, the asymptotic
behavior of these matrices are very dierent. The operator SVD matrix corverges. In contrast,
the transformation matrix SVD matrix divergesand has at least one eigervalue greater than 1.

The transformation of a given polynomial basisand the induced operator are closelyrelated.
The induced operator is the operator wherethe coe cien t of the basiselemers are the value of the
function in a uniform sampling. For example, if the transformation matrix is (strictly) totally pos-
itiv e, then sois the induced operator. The inverseholdstrue aswell. A more sophisticated method
to induce an operator from a known polynomial basisand a given matrix will be demonstrated. In
this new method, the eigenstructure is invariant. For example, a diagonalizable (hormal) matrix
implies a diagonalizable (normal) operator. If the Bernstein polynomial basisis selectedto be the
polynomial basis,the (strictly) totally positive is similarly invariant.

Leb esgue Function For Multiv ariate Interp olation by RBFs
Bahman Mehri and SadeghJokar*

Multiv ariate interpolation and approximation is powerful tools for intuition of real world. In
this note we study about Lebesguefunction and Lebesgueconstant for multiv ariate interpolation
by conditionally positive de nite RBFs. Also we give a conjecture about similar Bernstein and
Erdos problem to multiv ariate case.

Turan determinan ts for multiple orthogonal polynomials
Valeriy A. KALYAGIN
Let fQng be the sequenceof polynomials de ned by recurrences

Qn+1(X) = (X 1)Qn(X) anQn 1; n=1;2;3;:::

with Qo(x) = 1, Q1(x) = x Iy, by 2 R, ¢, > 0, supfj bhj;jcnjg < 1 . It is known by Favard
theorem that polynomials Qn,(x) are orthogonal with respect to somepositive measure on the
real line (spectral measureof assaiated Jacobioperator). When lim b, = 0, lim a, = 1 the support
of the measure isthe interval [ 2;2] plus a countable set of isolated points with only two possible
accunulation points at  2;2. If the more stronger condition is satis ed

X . . - .
n(jhj+jl anj)<1
n=1

then the measure is known to be absolutely continuous on [ 2;2] with only nite number of
isolated points outside this interval (see[3]). The direct spectral problem is the problem to nd

the measure from the recurrencecoe cien ts fb, g, fa,g. To solve this problem one can usethe
so-calledTuran determinants. Turan determinants are the determinants of secondorder involving
three polynomials Qn+1 (X), Qn(X), Qn 1(X) and give a constructive way to recover the density of
the measure onthe interval [ 2;2](see[2], and [4] wherethe more generalcaseof asymptotically
periodic coe cien ts b,, a, is studied in detail).
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Multiple orthogonal polynomials are orthogonal with respect to a system of measures

( 1, 2;::1; p) and satisfy a recurrenceequation of order (p+ 1):
Qn+1 (X): (X Ch:n )Qn(x) Ch:n 1Qn 1(X) Ch:n 2Qn 2(X) Ch:n an p(X)
The systemof measureq 1, »;:::; p) canbeconsideredasvector spectral measurefor assaiated

band Hesselberg operator. The direct spectral problem then is to nd measuresfrom recurrence
coe cien ts. In the presert contribution we investigate the direct spectral problem for the classof
operators studied in [1] which can be called Stieltjes class. This is the caseof operators assciated
with the following recurrenceequation

Qn+1 (X) = XQn(x) an pQn p(x)

(ile. Coyn = Cap 1 = = Cun ptt = OiCun p = @y p) With Qo(x) = 1, Qi(x) = x, @i,
Qp(x) = xP. It is known (see[1]) that if ax > 0, k = 0;1;2;3;::: then the polynomials Q, are
multiple orthogonal with respectto a systemof positive measureq 1; »;:::; p) with the common

support on a star-like set Ry [ R+ exp(2 i=p) [ [ R+ exp(2 i(p 1)=p). To investigate the
direct spectral problem in this casewe rst prove that if lima, = 1 then the common support of
spectral measuresis a star-like set of intervals plus a countable selt_@,of isolated points with only
accunmulation points at the endsof intervals. Next we supposethat izl jan 1< 1 and proof
that under this condition all spectral measuresare absolutely cortinuous on the intervals of the
star-like support. Finally we nd the Turan determinants to approximate the spectral measures
and give an estimation of the error of approximation. Note that Turan determinants in this caseare
of (p+ 1) order and involve not only multiple orthogonal polynomials but the assaiated multiple
orthogonal as well.
[1] Aptekarev A. Kaliaguine V. Van IseghemJ. Genetic sum's represenation for the momerts of
system of Stieltjes functions and its applications, Constructive Approximation, v.16 (2000),
pp. 487{524.
[2] Dombrovski J. Nevai P. Orthogonal polynomials, measuresand recurrencerelations, SIAM
Journ. Math. Anal., v.17 (1986), pp. 752{759.
[3] Nevai P. Orthogonal Polynomials, Memoirs Amer. Math. Soc., v.213, Providence, Rl 1979.
[4] Van Assche W. Asymptotics for Orthogonal Polynomials, Lecture Notes in Mathematics,
v.1265, Springer-Verlag, Berlin, 1987.

On the Exact Estimates of the Best Spline Appro ximations of Functions
A. Khatamov

For the functions with singularities or with not great smoothnessthe splines are more nat-
ural and more willow apparatus of approximation than polynomials and rational functions. It is
con rmed by comparison of the results of spline approximations of the presert report with the
conforming polynomial and rational approximations of functions from the considering functional
classes.

The report is devoted to the exact (in the senseof the order of smallness)estimatesof the best
approximations by polynomial splinesof the minimal defectwith free knots on a nite segmer in
uniform and integral metrics of functions from the following functional classes:

A) The classof all corvex functions, satisfying the Lipschitz-Holder condition;
B) The classof all functions with convex derivatives;
C) The classof all functions with generalized nite variation.
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A simple pro of of Euler's form ula
S. Khrushchev
A recovery of original Euler's proof for the formula of the P-fraction of the exponertial function
e'™ is given.

Freud weights and Bernstein polynomials
Theodore Kilgore
Approximation properties of someoperators of Bernstein type are investigated, in the presence
of Freud weights.

On appro ximation by generalized Shannon sampling series
Andi Kivin ukk* and Gert Tamberg
P. L. Butzer and his sdhool [BSS,1988]intro ducedfor any f 2 C(R) the generalized(Shannon)
sampling series

R k
(Swf)(t) = f(W)S(Wt K);
k=1

where the kernel function s stands instead of the sinc function sinc(t) := %

In our work we considerthe sampling series,where the kernel function s is de ned by

71
s(t) := (u) cos( tu)du
0

with the window function  which is continuous, even and satis es the conditions (0) = 1 and
(u) = 0foru 1. Many kernelscan be de ned in this form, e.g.
1) (u) = 1de nes the sinc function,
2) (u)=1 udenesthe Fejer kernel sg (t) = %sincz%,
3) n(u) = cog - de nes the von Hann kernel sy, (t) = 2 $"¢}

21 t2»
4) a linear combination of the powers of von Hann windows

X
o (U) = n ( 1)** cod 7”
=1

de nes [KT, 2003]the kernel sy (t) = sinc(t) + ( 1)"*1 2 2" _{"sinc(t); where _{f (x) are the
symmetric di erences of f:

5) Blackman window with parametersa = a(ap;a;) = (ap;a;;1=2 ag;1=2 a;) 2 R*in form
[KT, 2004;T, 2003] g.a(u) := ap+ a;cos u+ (1=2 ag)cos2 u+ (1=2 a;)cos3 u; de nes the
kernel

Sg:a(t) = sinc(t) + 2 (a; _Zsinc(t) + (1=2 ag) —3sinc(t) + (1=2 ay) _3sinc(t)):

In this talk we shaw that the order of approximation by corresponding Hann-type and Black-
man sampling seriescan be estimated via the high order modulus of cortinuity. In addition, the
exact values of norms of somesampling operators can be evaluated.

[BSS,1988]P. L. Butzer, W. Splettsto er, and R. L. Stens, The sampling theoremsand linear prediction
in signal analysis, Jahresker. Deutsch. Math-Verein, 90 (1988), 1{70.
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[T,2003] G. Tamberg, Approximation by the Blackman-type sampling series.In: Proc. of SampTA'03,
Strobl, Salzbug, Austria, May 26-300, 2003 pp. 90-94.
[KT,2003] A. Kivinukk and G. Tamberg, On sampling operators de ned by the Hann window and some
of their extensions. Sampling Theory in Signal and Image Processing 2 (2003), 235{258.
[KT,2004] A. Kivinukk and G. Tamberg, Blackman-type windows for sampling series. Journal of Com-
putational Analysis and Applications, (accepted).

Double scaling limit in random matrix mo dels
Tom Claeysand Arno Kuijlaars

Ed Sa 's favorite object in mathematics is the equilibrium measurein the presenceof an
external eld. Sincethe publication of his very in uen tial monograph with Vilmos Totik in 1997,
someinteresting new developmerts have taken place inspired by random matrix theory.

The eigervaluesof ann n Hermitian random matrix M whoseprobability density is propor-
tional to exp( nTr V(M)) distribute themselhesasn! 1 accordingto the equilibrium measure
in the external eld V. | will discussthe casewhere the equilibrium measurevanishesquadrati-
cally at an interior point x . One is interested in the behavior of the Christo el-Darb oux kernel
Kn(X;y) asn tendsto in nit y for scaledvaluesof x and y near x . The double scalinglimit refers
to a situation whereV = V; belongsto a one-parameterfamily V; and oneletst! Oasn! 1
at a critical rate. The Christo el-Darb oux kernel has a limit which is built out of -functions
assaiated with the Hastings-McLead solution of the Painleve Il equation. This was rst shown
by Bleher and Its in caseV is a quartic polynomial. | will discussthe generalcase.

A constructiv e approac h to the singular value decomp osition and
to the symmetric Schur factorization
J. Cliord, D.A. James,M.A. Lachance*, and J. Remski

Fundamerntal to understanding linear transformations in R" is the fact that the image of a
sphereunder a matrix mapping A is an ellipsoid. This geometrical point is seldomemphasizedin
sophomore-leel matrix or linear algebracoursesbecauseto demonstrate it one needsto prove the
Singular Value Decomposition Theorem. The approac to this result, which sometimesmakesuse
of the Symmetric Schur Factorization Theorem, is somewhatintimidating, and sothe opportunit y
to make a very appealing geometrical point is lost.

In this paper is preserted a constructive proof of the Singular Value Decomposition Theorem
that is straight forward, geometrically appealing, and more elemenary than earlier proofs. A small
variation in the construction also provides a proof of the Symmetric Schur Factorization Theorem.

Construction  of Multiv ariate Compactly Supp orted Prew avelets in L? spaces
Ming-Jun Lai
We provide a new method to construct multiv ariate compactly supported prewavelets in L2
spacefor any dimensiond 1. The method can be generalizedto the Sobolev setting and yields a
pre-Rieszbasis. We shov many multiv ariate box splinescan be usedto construct prewavelets and
pre-Rieszbases.

14



Zero es of orthogonal polynomials, best appro ximation,
and constructiv e solutions to inverse sources problems
J. Leblond*, L. Baratchart, J.-P. Marmorat

We consider some practical inverse problems for Laplace operator that consistin recovering
pointwise sourcesdistributed in a 2D or 3D domain from available measuremers of the solution on
the boundary. In the electrical framework for example,and in medicalengineering this comeswith
the inverse EEG (electroencephalograply) problem that consistsin detecting pointwise dipolar
current sources(epileptic foci) located in the brain from measuresof the electrical di erence of
potentials on the scalp.

These are inverse potential problems (Newton or Green) that we preliminary approad in
balls. In the 2D setting where the Newtonian and the logarithmic potential coincide, harmonic
conjugation provides uswith the valueson the circle of the Caudhy integral of a measuresupported
on a curve joining the sourcesinside the disk. In 3D, the problem can still be e cien tly expressed
on families of 2D disks consisting in planar crosssectionsof the domain. Somecomputations are
neededin order to shav that available data on their boundariesstill coincide with those of some
Caudy integrals in the assaiated disks.

This allows in both casesto expressthe denominators of best uniform or quadratic meromor-
phic approximants (with prescribed degreeand polesin the disk) to sud a function on the circle
asorthogonal polynomials with respectto somecomplex measurelinked to the original one. Their
zeroes are then the poles of the approximants, and possessiice corvergenceproperties towards
the sources(singularities) to be recovered (talk by L. Baratchart). The computation of such ap-
proximants on the boundary thus leadsto constructive resolution schemesfor this classof inverse
problems. This is strongly related to a previous joint work with Edward B. Sa in which we
exhibited sud links for other non-destructive cortrol issuessuc as cracks detection.

| will precise these inverse problems in the 2D and 3D settings and their links with best
meropmorphic approximation in the complex plane. Numerical computations will be discussed,
and further related issues.

Appro ximation of the stationary Navier-Stok es equations
on the unit sphere by vector spherical harmonics
Q. T. Le Gia*, M. Ganeshand I. H. Sloan
In this talk, | will presert our recert results on the approximation of the stationary Navier-
Stokesequations on the unit sphereS? using vector spherical harmonics. The talk will emphasize
on the nonlinear approximation aspect of the problem.

On weighted (0,2)-t yp e interp olation
Margit Lenard

P. Turan and his assaiates have started the study of (0,2)-interpolation, when the function
values and the secondorder derivatives are given on a set of nodal points. J. Balazsintroduced
a generalization of this problem, the weightal (0,2)-interp olation problem when the secondorder
derivative y%is substituted by (wy)®with a weight function w (for w = 1 we get the original prob-
lem). Weighted (0,2)-interpolation and its generalization, weighted (0,1,3)-interpolation have been
studied with di erent additional conditions. In this paper we study theseproblemsin a uni ed way
with and without additional constraints with respect to existence,uniquenessand represertation
(explicit formulae). We give su cien t conditions on the nodes and the weight function, for the
problemsto be regular. Examples for regular weighted (0,2)- and (0,1,3)-interpolation are given
on the zerosof the classicalorthogonal polynomials.
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A partition of the unit sphere S R+,
with equal measure and small diameter
Paul Leopardi
A construction is given for a partition of the unit sphereS® in R, called the Recursive
Zhou{Sa {Slo an or RZ partition. For d 8, there is a constarnt K4 suc that ead region in the
N region RZ partition of SY has equal measureand diameter at most K g=N 179,

Orthogonal Polynomials for Exp onential Weights x2 e 22(X) on [0;d)
Eli Levin
Let | = [0;d), whered is nite orinnite. Let W (x) = x exp( Q(x)), where > 1=2and
Q is cortinuous and increasingon |, with limit 1 at d. We study the orthonormal polynomials
assaiated with the weight W2, obtaining bounds on the orthonormal polynomials, zeros, and
Christo el functions. In addition, we obtain Markov-Bernstein inequalities and restricted range
inequalities. This is joint work with D. S. Lubinsky.

Raman ujan's g-contin ued fractions via orthogonal polynomial
Mourad Ismail and Xin Li
By further exploring a method of Al-Salam and Ismail, we will shov how to obtain many
famous g-cortin ued fraction identities from the study of orthogonal polynomials in a very natu-
ral way. As an example, we will give a generalization of an identity for the Rogers-Ramamjan
contin ued fraction.

Central Schemes and Central Discon tin uous Galerkin Metho ds
on Overlapping Cells
Yingjie Liu

The certral scheme of Nessyahu and Tadmor (J. Comput. Phys, 87(1990)) hasthe benet of
not having to deal with the solution within the Riemann fan for solving hyperbolic consenation
laws and related equations. But the staggeredaveraging causeslarge dissipation when the time
step size is small comparing to the mesh size. The recert work of Kurganov and Tadmor (J.
Comput. Phys, 160(2000))overcomesthe problem by useof a variable control volume and obtains
a semi-discretenon-staggeredcertral scheme. Motiv ated by this work, we intro duceoverlapping cell
averagesof the solution at the samediscretetime level, and dewelop a simple alternativ e technique
to control the O(1= t) dependenceof the dissipation. Semi-discreteform of the certral scheme
can alsobe obtained. This technique is essetially independert of the reconstruction and the shape
of the mesh, thus could also be useful for Voronoi mesh. The overlapping cell represenation of the
solution also opens new possibilities for reconstructions. Generally more compact reconstruction
can be achieved. We demonstrate through numerical examplesthat combining two classesof the
overlapping cellsin the reconstruction can achieve higher resolution. Overlapping cells create self
similarity in the grid and enablethe developmert of certral type discortin uous Galerkin methods
for convection di usion equationsand elliptic equationswith corvection, following the seriesworks
of Cockburn and Shu (Math. Comp. 52(1989)).
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Ratio asymptotics for multi-orthogonal  polynomials of Nikishin systems
I. Alvarez, A. |. Aptekarev, G. Lopez Lagomasino*

z
x) Qn (x)dsy(x) = 0:

We prove that there exists a function  holomorphic in the complemen D of [a;b] in the complex
plane suc that
Qn+1 _

lim =
nli Qn

uniformly on compactsubsetsof D. This result extendsto this setting E. A. Rakhmanov's Theorem
on ratio asymptotics of orthogonal polynomials on the real line.

Whic h Weights on R Admit Jackson Theorems?
D. S. Lubinsky
Let W :R! (0;1 ) becontinuous. DoesW admit a Jackson or Jackson-Favard Inequality?
That is, doesthere exist a sequencef ngﬁzl of positive numbers with limit 0 such that for 1
p 1;
degl(rllf) . k (f P)W kLp(R) n ka\N kLp(R)

for all absolutely cortinuousf with k f W k. (r) nite? We shaw that such a theoremiis true i
both Z,

im W(x) W =0

x11 0

and IS )
lim supw ! W = Q;

x!1 [0:x] X
with analogouslimits asx ! 1 . In particular W (x) = exp( jxj) doesnot admit a Jackson
theorem, although it is well known that W (x) = exp( jxj ); > 1, does. We also construct
weights that admit an L; but not an L; Jadksontheorem (or cornversely).
The talk will beintro ductory, and might be accessibldo thoseto whom Jadksonand Bernstein
sound like the directors of a large corporation.

Stable wavelets on triangles for surface compression
Jan Maes* and Adhemar Bultheel

Recertly we developed multiscale spacesof C* piecewisequadratic polynomials on the Powell{
Sabin 6-split of a triangulation relative to arbitrary polygonal domains R2. Thesemultiscale
basesare weakly stable with respect to the L, norm. In the talk we prove that these multiscale
spacedorm a multiresolution analysisfor the Banach spaceC'() and we shaw that the multiscale
basis forms a strongly stable Riesz basis for the Sobolev spacesH () with s 2 (2;2). In other
words, the norm of a function f 2 HS() can be determined by the size of the coe cien ts in
the multiscale represenation of f. This property makesthe multiscale basis suitable for surface
compression.A simple algorithm for compressionis consideredand we give an a priori error bound
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that dependson the smoothnessof the input surfaceand on the number of terms in the compressed
approximant.

Asymptotics  of the Fourier transform of orthogonal polynomials of
singular measures, and quantum intermittency
Giorgio Mantica

We study of the Fourier transform of orthogonal polynomials as a meansof obtaining infor-
mation on the multifractal properties of singular measureson the one hand, and on the dynamics
of almost periodic quantum systemson a lattice, and chains of linear classicaloscillators, on the
other hand.

In this investigation, the role of potential theory is unveiled by the usageof Mellin transform
techniques, that permit to master the asymptotics of the Fourier transforms of single orthogonal
polynomials, for large argumert.

| will show that adi erent, mixed order-argumert asymptotics is necessanto treat the dynam-
ical phenomenonof quantum intermittency, a property of in nite  sums of the Fourier transforms
of orthogonal polynomials.

| will shov analytical as well as numerical results for balanced measureson real Julia sets,
and for singular measuresassaiated with \sparse barriers" Jacobi matrices.

Companion Linear Functionals and Sobolev Inner Pro ducts
M.A. Delgado, F. Marcellan*

In this contribution we are dealing with the solution of an inverse problem in the theory of
standard orthogonal polynomials. This problem appearsin the analysis of Sobolev orthogonal
polynomials satisfying certain recurrencerelations which are a natural extension of the so called
coherent measuresintro duced, among others, by A. Iserlesand H. G. Meijer. We describe the
solutions of this inverseproblem in terms of semiclassicalinear functionals. Someextensionsand
open problems will also be presertied.

Riemann-Hilb ert analysis for polynomials orthogonal on the unit circle
A. Mart inez-Finkelshtein

The steepest descemn analysis of Deift and Zhou, basedon the matrix Riemann-Hilbert char-
acterization proposedby Fokas, Its and Kitaev, has proved to be a very strong technique for the
study of the analytic properties of orthogonal polynomials. We apply it to polynomials orthogonal
with respect to a weight supported on the unit circle in two cases.

First, We provide a completeasymptotic expansionfor the sequenceof orthogonal polynomials
when the weight is strictly positive and analytic. Theseformulas are valid uniformly in the whole
complex plane. Second,we consider the situation when this weight is modi ed by somefactors
containing zeros. As a consequencein both caseswe obtain results about the distribution of zeros
of the orthogonal polynomials.

This is a joint work with K. T.-R. McLaughlin and E. B. Sa.

Extension of the Diric hlet-Jordan Criterion for Exp onential Weights
HP Mashele
The well-known Dirichlet-Jordan Criterion for Fourier series states that the trigonometric
Fourier seriesof a 2 periodic function f having bounded variation corvergesto (1=2)[f (x + 0) +
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f(x 0)] for every x and this convergenceis uniform on every closed interval on which f is
contin uous (Zygmund, Theorem 2.8.1-1959). We extend this criterion to orthonormal polynomial
expansions,and treat the even caseof a more generalclassof exponertial weights.

On mesh norm of s-extremal con gurations on compact sets in R"
S. Damelin and V. Maymeskul*
We investigate boundsfor the meshnorm (A;! \) = rr;akx ry‘in y x of certain arrangemerts
y2A x2ly

I v of N points on a classof d-dimensional compact sets A embeddedin R", 1 d n, which
interact through a Rieszpotential V = 3, wheres > Oand isthe Euclideandistancein R". With

s(A;N) and ((A; N) denoting, respectively, the separation radius and meshnorm of s-extremal
con gurations, which are de ned to yield minimal discrete Riesz s-energy we show, in particular,
that in the cases > d the meshratio ((A; N)=((A;N) is uniformly bounded for a wide class
of compact sets A with nite and positive d-dimensional Hausdor measureand, moreover, point

energiesfor s-extremal con gurations have the sameorder,asN ! 1 .

On pseudo-di eren tial/in tegral operators on the sphere
H. N. Mhaskar

We study the solutions of an equation of the form Lu = f, whereL is a pseudo-di erential or
pseudo-irtegral operator de ned for functions on the unit sphereembeddedin a Euclidean space,
f is a given function, and u is the desired solution. We give conditions under which the solution
exits, and deducelocal smoothnessproperties of u given corresponding local smoothnessproperties
of f, measuredby local Besor spaces. We study the global and local approximation properties
of the spectral solutions, describe a method to obtain approximate solutions using valuesof f at
scattered sites on the sphereand polynomial opertors, and describe the global and local rates of
approximation provided by our polynomial operators. This is joint work with Q. T. Le Gia.

Appro ximation of functions belonging to Lip. class
by means of conjugate Fourier series using matrix operator
M.L.Mittal*, Uaday Singh and Vishnu Narayan Mishra
In this note, we determine the degreeof approximation of conjugate of a function belonging
to Lip(x(t),p) classby linear matrix operator of a conjugate seriesof a Fourier series. Our theorem
generalisesearlier results of Lal & Nigam (Int. J.Math. Math. Sci9 (2001) 555{563) and Qureshi
(Indian J. Pure and Applied Math. 12 no. 9 (1981) 1120{1123.

Variational Metho d for Hyp erbolically Convex Functions
R. Barnard, G. Ornas*, and K. Pearce
In this paper we recall our variational method, basedon Julia's formula for the Hadamard
variation, for hyperbolically convex polygons. We use this variational method to prove a general
theorem for solving extremal problems for hyperbolically corvex functions. Special casesof this
theorem provide independert proofsfor controlling growth and distortion for hyperbolically convex
functions.
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Distribution  of primes and a weighted energy problem
I. E. Pritsker

We discussa recert developmert connecting the asymptotic distribution of prime numbers
with weighted potential theory. These ideas originated with the Gelfond-Sdinirelman method
(circa 1936), which used polynomials with integer coe cien ts and small sup norms on [0; 1] to
give a Chebyshev-type lower bound in prime number theory. A generalization of this method
for polynomials in many variables was later studied by Nair and Chudnovsky, who produced
tight bounds for the distribution of primes. Our main result is a lower bound for the integral of
Chebyshev's -function, expressedn terms of the weighted capacity for polynomial-type weights.
We also solve the corresponding potential theoretic problem, by nding the extremal measureand
its support. This new connectionleadsto someinteresting open problems on weighted capacity.

On Ray Sequences of the Walsh Table
Vasiliy Prokhorov
The talk is dewoted to an analysis of the rate of decreaseof the ray sequence
f nm@mOizo, M(n)=n! 2 (0;1]asn! 1, ofthe Walshtable f . g, -, of the bestrational
approximants of holomorphic functions. The proof of the results obtained are basedon the methods
of the theory of Hankel operators.

On disjoin t unions of disks
Mihai Putinar
An elemenary proof of the positive de niteness of the exponertial transform of a planar
domain reducesto the analysis of a Hermitian kernel attached to a disjoint union of disks. This
kernel optimally encadesthe momerts of the domain (that is its nitely determined tomographic
data). A challenging question of distance geometry results from this analysis.

Numerical appro ximation of some mathematical functions
Juri M. Rappoport

The new realization of the Lanczos Tau method with minimal residueis proposedfor the
numerical solution of the secondorder di erential equations with polynomial coe cients. The
computational schemeof Tau method is extendedfor the systemsof hypergeometrictype di eren-
tial equations. A Tau method computational schemeis applied to the approximate solution of a
systemof di eren tial equationsrelated to the di erential equation of hypergeometrictype. Various
vector perturbations are discussed.Our choice of the perturbation term is a shifted Chebyshev
polynomial with a special form of selectedtransition and normalization. The minimality condi-
tions for the perturbation term are found for one equation. They are su cien tly simple for the
veri cation in a number of important cases.

Several approachesfor the computation of kernelsof Kontor ovich{Lebedev integral trans-
forms{modi ed Bessel functions of the secondkind with pure imaginary order K; (x) and with
complexorderK 1, ; (X) are elaborated. The codesof the evaluation are constructed and tables of
the modi ed Bessel functions K 1-,,; (x) are published. The advantagesof discussedalgorithms
and codesin accuracyand timing are shavn. The e ectiv e applications for the numerical solution
of somemixed boundary value problems in wedgedomains are given.
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Anti-Szegeo Quadrature Rules
Sun-Mi Kim and Lothar Reichel*

Sze@ quadrature rules are Gaussianquadrature rules for the approximation of integrals on
the unit circle. We presert a new classof quadrature rules, referred to as anti-Szege rules, which
can be used to estimate the error in Sze@ quadrature rules; under suitable conditions pairs of
assaiated Szegr and anti-Szeg® quadrature rules yield upper and lower bounds for the value of
the integral to be approximated.

CAP: wavelet represen tations without wavelets
Youngmi Hur and Amos Ron

MutliResolution (MR) is amongthe most e ectiv e and the most popular approacesfor data
represeriation. In that approad, the given data are organizedinto a sequenceof resolution lay-
ers, and then the \di erence" betweenead two consecutiwe layers is recordedin terms of detail
coe cients . Wavelet decomposition is the best known represenation methodology in the MR cat-
egory. The major reasonfor the popularity of wavelet decompositions is their implementation and
inversion by a fast algorithm, the so-calledfast wavelet transform (FWT). Another ceriral reason
for the successf wavelets is that the wavelet coe cien ts capture very accurately the smathness
class of the function hidden behind the data. This is essetial for the understanding of the per-
formance of key wavelet-basedalgorithms, in compression,in denoising,and in other applications.
On the downside, constructing wavelets with good space-frequencyocalization properties becomes
involved as the spatial dimension grows.

An alternativ e to the sometime-hard-to-construct wavelet represertations is the always-easy-
to-construct (and slightly older) non-orthogonal pyramidal algorithms. Similar to wavelets, the
(linear, regular, isotropic) pyramidal represenations are basedon somemethod for linear coars-
ening (by a decomposition Iter) of their data, and a complemenary method for linear prediction
(by a prediction Iter) of the original data from the coarsenedone. The rst step createsthe
resolution layers and the secondallows for trivial extractions of suitable detail coe cien ts. The
decomposition and reconstruction algorithms in the pyramidal approac are as fast as those of
wavelets. In contrast with wavelets, the represeration is redundant, viz. the total number of detail
coe cien ts exceedsthe original size of the data: denoting by s the ratio betweenthe size of the
data at two consecutive resolution layers, the \redundancy ratio" in the pyramidal represeration
iss=s 1).

In the talk, we introduce and study a generalclassof pyramidal represenations that we refer
to as Compression-Alignmen-Prediction (CAP) represenations. The CAP represeration is based
on the selection of three Iters: the low-passdecomposition lter, the low-passprediction lter,
and the full-pass alignment lter. Like previous pyramidal algorithms, CAP are implemented by
a simple, fast, wavelet-like decomposition and a trivial reconstruction. The primary goal of this
paper is to establishthe preciseway in which the CAP represenations encade the smoothnessclass
of the underlying function. Remarkably, the CAP coe cien ts provide the samecharacterizations
of Triebel-Lizorkin spacesand Besos spacesasthe wavelet coe cien ts do, provided that the three
CAP lters satisfy certain requiremerts. This means,at least in principle, that the performance
of CAP-based algorithms should be similar to their wavelet counterparts, despite of the fact that,
when comparedwith wavelets, it is much easierto develop CAP represenations with \customized"
or \optimal" properties. Moreover, upon assumingthe prediction lter to be interpolatory, we ex-
tract from the CAP represenation a sister CAMP represettation (\M" for \modi ed"). Those
CAMP represertations strike a phenomenalbalance betweenperformance (viz., smoothnesschar-
acterization) and spacelocalization.
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Our approad for establishingthe main results is basedon drawing a connectionbetweenCAP
represenations and framelet (redundant wavelet) represernations.

Function Theory for Laplace and Dirac-Ho dge Op erators on Hyp erbolic Space
John Ryan*, Yuying Qiao, Swanhild Bernstein and S. L. Erikkson
In this talk the basicsof a function theory for the Laplace operator and Dirac-Hodge operator
are dewveloped for upper half spacein R", with n > 2, endoved with the hyperbolic metric. A
Caudy integral formula and a Green's formula are intro duced and applications to Hardy spaces
and boundary value problems are indicated.

Ideal Pro jections in Several Variables
Boris Shekhitman
A projection P on the spaceof polynomials of sewral variables is called ideal if P(f g) =
P (f P(g)) for all polynomialsf and g. In this talk we characterize all ideal projections onto planes
and show that they are limits of interpolation projections. This veries a \plain version" of a
conjecture of deBoor. It alsorelatesto an old result of E. Sa regarding Pade Approximation.

Asymptotics for a terminating 4F3 series
Mourad Ismail, Plamen Simeonw
We obtain strong asymptotics and upper boundsfor certain terminating 4F3 seriesthat is a
Racah polynomial. Our estimates con rm special casesof a conjecture by Kresh and Tamvakis.
The asymptotic estimatescorrespond to a large terminating parameter in the 4F3 series.

Zeros
Mehrdad Simkani
We will review someknown results concerning zeros. In particular, we will review how the
behaviors of zerosindicate other behaviors, suc as prime distribution or overcorvergence.

A Tale of Two Pictures: Fine Structure of the Zeros of OPUC

Barry Simon
Mhaskar and Sa proved a wonderful result about the bulk structure of the zerosof orthogonal
polynomials on the unit circle (OPUC). I'll begin by showing pictures in two cases: random

Verblunsky coe cien ts and Verblunsky coe cien ts with exact exponertial decay (with exponertial

errors, a classconsideredalready by Barrios, Lopezand Sa ). Basedon this, I'll discussconjectures
about the structure of zeroson a 1/N scale- in the random case,they should be asymptotically

Poissondistributed and in the strong exponertial case,they should have a clock distribution. |

hope to describe someresults of my graduate student Mihai Stociu on the random caseand some
new results of my own on the strong exponertial case.

Interp olation and hyp erin terp olation on the sphere
lan H Sloan
Polynomial interpolation on the sphereS? approximates a cortin uousfunction f by the unique
polynomial of degreen or lessthat coincideswith f at (n+ 1)? well chosenpoints. There is much
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uncertainty asto how bestto choosethose points. Hyperinterpolation is another approximation by
a polynomial of degreeat most n, obtainable from the L? orthogonal projection by replacing the
inner product integrals by a cubature rule that is exact for polynomials of degreeup to 2n. It is
known that the two approximations are essetially di erent asapproximations onS?ifn 3, even
though the corresponding approximations are equivalent for equally spacedpoints on the circle.
In this talk | shall review what is known for hyperinterpolation when f is merely cortinuous, and
then describe new results, obtained jointly with Kerstin Hesse for hyperinterpolation whenf is in
the Sobolev spaceH?!, for t > 1. All the hyperinterpolation results are independert of the choice
of cubature rule.

Novel Remez Implemen tation Provides Optimal
Interp olation for Software Radio
Arth ur David Snider

The classicproblem of interpolating values of a band-limited signal from its sampleshas an
added complication in software radio applications; hamely, the resampling calculations inevitably
fold aliasesof the analog signal badk into the original bandwidth. The phenomenonis quarti ed
by the spur-free dynamic range, the ratio of the amplitude of a pure sinusoid to the amplitude of
its aliasesthus engendered. We demonstrate that a novel interpretation of the constraints leads
to an application of the Remez (Parks-McClellan) algorithm that permits optimal interpolation
and SFDR, far surpassingstate-of-the-art resamplers. Rigorous retracing of traditional deriva-
tions reveals why the performance of the algorithm in this environment so remarkably exceeds
expectations.

Asymptotics of Hermite-P ade to the Exp onential Function
Herbert Stahl

Hermite-Pade polynomials and approximants arein a very natural way generalizationsof Pade
approximants, contin ued fractions, and Taylor polynomials. Howewer, the conceptis more complex,
and it has as a surprising new elemert by that the basic de nitions split up in two essetially
di erent directions. Historically, Hermite-Pade approximants are, perhaps, most famous for their
role in Hermite's proof of the transcendencyof the number e.

In the Sewerties, in a seriesof papers, Ed Sa and Richard Varga have published ground
breaking researd about the asymptotic behavior, and especially about the zero distribution of
Pade polynomials assaiated with the exponertial function.

In the talk we will start with a review of someof Sa 's and Varga's results, and will then
show how their researd hasled to new researd and new insights into the asymptotic behavior of
guadratic Hermite-Pade polynomials assaiated with the exponertial function.

Somenew results of recert researt will be discussed.Besidesof the typical tools of construc-
tive complex approximation, a specic compact Riemann surfaceswill play a key role. Looking
ahead beyond the quadratic casewill show that there the analysis on even more complicated
Riemann surfacesbecomesnecessary

Zero distribution and asymptotics of Bergman orthogonal polynomials
Nikos Stylianopoulos
Let G be a bounded simply-connecteddomain in the complex plane, whoseboundary L is a
Jordan curve, let f P, gt_, denotethe Bergman polynomials of G (i.e., the orthonormal polynomials
with respect to the areameasurein G) and let be a conformal map from G onto the unit disk.
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The main purposeof this talk is to presen results concerningthe asymptotic behavior of the zeros
of the Bergman polynomials in the three caseswhere: (a) hasa singularity on L, (b) L is an
analytic curve,and (c) L is not analytic, but canbeextendedanalytically to a domain containing
G. We shall also discussthe asymptotic behavior of P,(z), asn! 1, and presert a number of
applications.

Appro ximation by weighted polynomials
Vilmos Totik

Edward Sa was the driving force behind a new chapter in approximation theory: approxi-
mation by weighted expressionsof the form w"P,, where w is an appropriate weight on the real
line. This kind of approximation hasemergedin connectionwith Lorentz' incomplete polynomials.
The original problem was generalizedby Sa, who, with di erent coauthors, has proved the basic
results in the theory. Later the problem also emergedin other elds (orthogonal polynomials, fast
decreasingpolynomials). One needsto use potential theory in dealing with this problem { a tool
that was consisterlly promoted in approximation theory by Ed Sa.

In this lecture I'll review how the theory has emerged,and the state of the art of the subject.

The dynamical motion of the zeros of s,(nz),
where s,(z) denotes the n-th parallel sum of c?,
and its relationship with discrepancy theory
Richard S. Varga
For any real ; and , with 0< ;< , < 2 ,let S( 1; ») bethe assaiated sector of all
complex numbers z with ; argz 2. It was shown by G. Szegoin 1924 that if Z,( 1; 2)
denotes,for eadh n 1, the number of zerosof s, (nz) in the sectorS( 1; 2), then

. Z ;
lim n( 1, 2) _ 2 1;
n'l n 2

1)
whereif the Szegocurve D, is de ned by
D, :=fz2C:jze! 2j= 1andjzj 1g;

then € * and € 2 are the imageson jwj = 1 of the two boundary points of S( 1; ») onD; . We
establish here a more preciseform of (1), namely, for all n su cien tly large,

Zo(1i2) N 5 K(1 2) @

wherethe bestbound for K ( 1; ») is obtained from a dynamical study of the motion of the zeros
of s, (nz).

Orthogonal polynomials on the unit circle and unitary matrices 11
M.J. Cantero, L. Moral, L. Velazquez
This talk is a corntinuation of \Orthogonal polynomials on the unit circle and unitary matrices
I". We presernt somenew results about orthogonal polynomials on the unit circle, related to the
v e-diagonalrepresenation of unitary operators preseried in the previous talk.
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First, we derive new bounds for the derived set of the support of the orthogonality measure
under very general assumptionsfor the Schur parametersa,. Among other caseswe study the
classlim ja,+1 =a,j = 1, obtaining a natural generalization of the known result for the Lopezclass
limays=an= ,j j=1,lima, = a2 (0;1).

As a secondresult, we prove that the support of the measurecoincideswith the strong limit
points of the spectra of certain nite unitary v e-diagonalmatrices. The importance of the limit
points of these nite spectra for the corvergenceof PC-fractions is also shown.

Numerical experimen ts with minimal Riesz energy
point con gurations on spheres and tori
Robert S. Womersley
Finding the con guration of m points on a d dimensional manifold (for example the unit
sphereor a torus) that minimizes the Riesz s-energyis a classicalproblem of widespreadinterest.
Determinining sud point setsis a nonlinear optimization problem characterized by many local
minima with function valuescloseto the global minimum. This talks givesthe results of numerical
experimernts to determine (closeto) global optimal con gurations.
These experiments sene to illustrate the remarkable results of Hardin and Sa that asymp-
totically the minimum energy con guration is uniformly distributed for s d.

Analysis on the Ball and on the Simplex
Yuan Xu
The analysison the unit ball is closelyrelated to the analysison the standard simplex, and it is
further related to the analysison the sphere. Theseconnectionsshow up in topics suc asweighted
approximation, orthogonal polynomials, cubature formulas, and interp olation by polynomials. The
talk will explain the connections,using weighed approximation asthe main example.

Error bounds of rational quadrature form ulae for analytic functions
B. de la Calle Ysern
We study the error of rational quadrature rules when functions which are analytic on a neigh-
borhood of the set of integration are considered. By using best rational (with previously xed
poles) approximants of certain rational functions, a computable upper bound of the error is ob-
tained which is valid for a broad range of rational quadrature formulae. A comparisonwith the
exact error is also made for a number of numerical examples.

More On General Order Multiv ariate
Pade Appro ximan ts for Pseudo-Multiv ariate Functions
Ping Zhou
Although general order multiv ariate Pade approximants have beenintro duced somedecades
ago, very few explicit formulas have beengiven sofar. In Cuyt-T an-Zhou[1], explicit constructions
of somegeneralorder multiv ariate Pade approximants to the classof so-calledpseudo-nultiv ariate
functions of two variables are given, using the Pade approximants to their univariate versions. In
this talk, we will discussmore explicit constructions of multiv ariate Pade approximants for some
pseudo-nultiv ariate functions of two variables.
[1] A. Cuyt, J. Tan, and P. Zhou, General order Multiv ariate Pade Approximants for Pseudo-
Multiv ariate Functions, Mathematics of Computation, to appear.
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