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Sesja poswiecona dziatalnosci prof. Stanistawa Lewanowicza

e Powitanie gosci, prof. Leszek Pacholski
o \Wystagpienie prof. Stefana Paszkowskiego

e Staszek i historia Instytutu na tle historii komputeréw i informatyki,
prof. Maciej M. Systo

e Dziatalnos¢ naukowa prof. Stanistawa Lewanowicza, dr hab. Pawet Wozny

Po sesji zapraszamy na poczestunek do sali 141 im. Jerzego Szczepkowicza.






%%T@ Uniwersytet

B ) Wroctawski

Dziatalnos$¢é naukowa

prof. Stanistawa Lewanowicza

Pawet Wozny

Wroctaw, 24 pazdziernika 2014 .



%ﬁ@ Uniwersytet

B ) Wroctawski

Dziatalno$¢ naukowa
prof. Stanistawa Lewanowicza

(w telegraficznym skrocie)

Pawet Wozny

Wroctaw, 24 pazdziernika 2014 .



2/10
Zainteresowania naukowe prof. Lewanowicza

Dziatalnos$¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza

e Roéwnania rekurencyjne i ich zastosowania

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza

e Roéwnania rekurencyjne i ich zastosowania

e Funkcje hipergeometryczne

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza

e Roéwnania rekurencyjne i ich zastosowania
e Funkcje hipergeometryczne

e Wielomiany ortogonalne

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza
e Roéwnania rekurencyjne i ich zastosowania
e Funkcje hipergeometryczne
e Wielomiany ortogonalne

e Operatory rzutowe

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza
e Roéwnania rekurencyjne i ich zastosowania
e Funkcje hipergeometryczne
e Wielomiany ortogonalne
e Operatory rzutowe

e Przyspieszanie zbieznosci szeregéw

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza
e Roéwnania rekurencyjne i ich zastosowania
e Funkcje hipergeometryczne
e Wielomiany ortogonalne
e Operatory rzutowe
e Przyspieszanie zbieznosci szeregéw

e Nowe rodziny wielomianéw

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza
e Roéwnania rekurencyjne i ich zastosowania
e Funkcje hipergeometryczne
e Wielomiany ortogonalne
e Operatory rzutowe
e Przyspieszanie zbieznosci szeregéw
e Nowe rodziny wielomianéw

e Metody matematyczne modelowania krzywych i powierzchni

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



2/10
Zainteresowania naukowe prof. Lewanowicza
e Roéwnania rekurencyjne i ich zastosowania
e Funkcje hipergeometryczne
e Wielomiany ortogonalne
e Operatory rzutowe
e Przyspieszanie zbieznosci szeregéw
e Nowe rodziny wielomianéw
e Metody matematyczne modelowania krzywych i powierzchni

e Metody numeryczne

Dziatalnos¢ naukowa prof. Lewanowicza sesja-sle.ii.uni.wroc.pl



3/10
Réwnania rekurencyjne i ich zastosowania

Problem (S. Paszkowski). Na podstawie réwnania rézniczkowego o wielomianowych
wspotczynnikach spetnianego przez funkcje f znalez¢ zwigzek rekurencyjny najnizszego
mozliwego rzedu zachodzacy dla wspotczynnikéw Gegenbauera ci[f] tej funkgji
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_g

Z A;(k)ciiklf]l = B(k), 1 - minimalne!
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Y pix)fPx) =g(x) = Y Aj(k)cjlfl =B(k), T - minimalnel
i=0 =0

Zastosowania
e rozwigzywanie réwnan rézniczkowych
e catkowanie numeryczne

e wyznaczanie i badanie rozwinie¢ ortogonalnych
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o0 m T
f=Y olficy) = Y pfl=g = > AjK)cjulfl =B(k), 7 - min
k=0 i=0 =0

Rozwiazanie (1975)
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A co na to wielki Jet Wimp? (1984)

Computation
with Recurrence
Relations
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T W, .

Sevilla, 1997
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00 m T
f = Z Ck[ﬂ C]((M = Zpif(i) =qg = Z Aj(k)Cj+k[f] — B(k), T — minl
k=0 i=0 j=0

A 33 lata pdzniej Alexandre Benoit w swoim doktoracie. .. (2009)

CHEBYSHEV EXPANSIONS FOR
SOLUTIONS OF LINEAR DIFFERENTIAL EQUATIONS

ALEXANDRE BENOIT AND BRUNO SALVY

ABsTRACT. A Chebyshev expansion is a series in the basis of Chebyshev poly-
nomials of the first kind. When such a series solves a linear differential equa-
tion, its coefficients satisfy a linear recurrence equation. We interpret this
equation as the numerator of a fraction of linear recurrence operators. This
interpretation lets us give a simple view of previous algorithms, analyze their
complexity, and design a faster one for large orders.

1. INTRODUCTION

Chebyshev series are series of the form

(1) f('T') = %? + i C’nTn(I).

n=1
where T, denotes the nth Chebyshev polynomial of the first kind. These polyno-
mials can be defined by

(2) T%(cos @) = cos(nd),

Nowa interpretacja i bardzo szybka implementacja algorytmu Lewanowicza
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6 ALEXANDRE BENOIT AND BRUNO SALVY

Algorithm 1 Lewanowicz’ algorithm

Input: L := Zi.":c]pi(:u)ﬁi
Output: (P, Q) such that p(L) = QP
P :=pi(X)
Q=1
for all i from k —1 to 0 do
Compute ldlm((S~' - §),P)= PP =U(S"' - S).

Q = PQ
P :=0U2n+ Qp:(X)
end for

return (P, Q)

3.2. Horner’s Rule and Lewanowicz' Algorithm.

Proposition 2. Let L = py(2)8% + --- + 8.po(z) be a linear differential operator
in Q[z](0,:1d,d/dzx). The evaluation of (L) by Horner’s rule

@(L) = (- (pe(X)D + pr—1(X))D + - - )D + po(X)

using Eqs. (11) and (12) for the computation of sums and products produces a
fraction QP that is irreducible.

Nowa interpretacja i bardzo szybka implementacja algorytmu Lewanowicza

T — minl

(2009)
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Pomyst Lewanowicza byt nadal rozwijany. Doczekata sie wielu odmian, uogélnien i zasto-
sowan:

e Construction of the lowest order recurrence relation for the Jacobi coefficients, Zastosowania Matematyki 17 (1983),
655-675

e Recurrence relations for the coefficients in Jacobi series solutions of linear differential equations, SIAM Journal of
Mathematical Analysis 17 (1986), 1037-1052

e A new approach to the problem of constructing recurrence relations for the Jacobi coefficients, Zastosowania Matematyki
21 (1991), 303-326

e (Quick construction of recurrence relations for the Jacobi coefficients, Journal of Computational and Applied Mathematics
43 (1992), 355-372

e Recurrence relations for the coefficients of the Fourier series expansions with respect to g-classical orthogonal polynomials
(wspélnie z E. Godoyem, |. Area, A. Ronveaux i A. Zarzo), Numerical Algorithms 23 (2000), 31-50

e Construction of recurrences for the coefficients of expansions in g-classical orthogonal polynomials, Journal of Compu-
tational and Applied Mathematics 153 (2003), 295-309

e Recurrence relations for the coefficients in series expansions with respect to semi-classical orthogonal polynomials (wspél-
nie z P. W.), Numerical Algorithms 35 (2004), 61-79
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F a], az, oo 0y a'r‘
Th S
b1,b2, e o o ,bs

._ = (a)k(a)k- - (@) X
X) N g (b1)k(b2)k -+ - (bs)k k!

k=0 k

Zwiazki rekurencyjne minimalnego rzedu dla szczegdlnych funkcji hipergeometrycznych
i ich bazowych odpowiednikéw (1985, 1997, 2000):
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Tt S

x) ._ — (01)k(az)k---(ar)k.x
by, by, ..., by T — (D7) (b2) - -

k

k=0

Zwiazki rekurencyjne minimalnego rzedu dla szczegdlnych funkcji hipergeometrycznych
i ich bazowych odpowiednikéw (1985, 1997, 2000):

e Recurrence relations for hypergeometric functions of unit argument, Mathematics of Computation 45 (1985), 521-535

e On the differential-difference properties of the extended Jacobi polynomials, Mathematics of Computation 44 (1985),
435-441

e Generalized Watson's summation formula for 3F2(1), Journal of Computational and Applied Mathematics 86 (1997),
375-386

e Recursion formulae for basic hypergeometric functions, in Numerical Analysis in the 20th Century, Vol. |I: Approximation
Theory, eds. J. Wimp & L. Wuytack, Journal of Computational and Applied Mathematics 121 (2000), 297-312
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e Recurrence relations for hypergeometric functions of unit argument, Mathematics of Computation 45 (1985), 521-535

e On the differential-difference properties of the extended Jacobi polynomials, Mathematics of Computation 44 (1985),
435-441

e Generalized Watson's summation formula for 3F2(1), Journal of Computational and Applied Mathematics 86 (1997),
375-386

e Recursion formulae for basic hypergeometric functions, in Numerical Analysis in the 20th Century, Vol. |I: Approximation
Theory, eds. J. Wimp & L. Wuytack, Journal of Computational and Applied Mathematics 121 (2000), 297-312

A co na to Jet Wimp: Te wyniki sa zupetnie nieoczekiwane!
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Korespondencja z J. Wimpem (1982)
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Korespondencja z J. Wimpem (1982)
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e Wtasnosci wielomianéw stowarzyszonych (1986, 1993, 1995, 1997, 2003)
e Zagadnienia linearyzacji i koneksji (1996, 1998, 2002)

e Posta¢ Béziera wielomianéw Jacobiego na tréjkacie (2006)

Available online at www.sciencedirect.com
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ELSEVIER Journal of Computational and Applied Mathematics 197 (2006) 520533

www.elseviercomflocate/cam

Connections between two-variable Bernstein and Jacobi
polynomials on the triangle
Stanistaw Lewanowicz*, Pawel Wozny

Institute of Computer Science, University of Wroclaw, wl. Przesmyckiepo 20, 51-151 Wroclaw, Poland

Received 7 September 2005; received in revised form 7 November 20035

Abstract

Connection coefficients between the two-variable Bernstein and Jacobi polynomial families on the triangle are given explicitly as
evaluations of two-variable Hahn polynomials. Dual two-variable Bernstein polynomials are introduced. Explicit formula in terms
of two-variable Jacobi polynomials and a recurrence relation are given.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Two-variable Bernstein polynomials: Two-variable Jacobi polynomials: Two-varniable Hahn polynomials; Dual two-variable Bernstein
polynomials; Connection relations
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Operatory rzutowe

Q:C[-1,1] =TI,
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Q:Cl-1L,1] —-T, Qw) =w (well,)
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Q:Cl-1,1] =Th, Qw)=w (well), [f—Qffe < (T+[1QI1) min [[f=wll
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Bardzo prosta, ale skuteczna metoda (1994)

Przeksztatcenia analityczne = nowe szybkozbiezne rozwiniecia (1995)
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Abstract.

We introduce polynomials B} (z;w|q), depending on two parameters g and w, which
generalize classical Bernstein polymomials, discrete Bernstein polynomials defined by
Sablonniére, as well as g-Bernstein polynomials introduced by Phillips. Basic properties
of the new polynomials are given. Also, formulas relating B (z; w|q), big g-Jacobi and
g-Hahn (or dual g-Hahn) polynomials are presented.

AMS subject classification (2000): 41A10, 65D17, 33D45.

Key words: generalized Bernstein polynomials, generalized Bézier form, generalized
de Casteljau algorithm, degree elevation, big g-Jacobi polynomials, g-Hahn polynomi-
als, dual g-Hahn polynomials, orthogonal polynomial expansion.

1 Introduction.
We define generalized Bernstein polynomials of degree n (n € N) by

(1.1) BMz;w|q) := : {n} (wrlq)i(z;@)ni (=0,1,...,n),
q

(wiq)n | 2

Dziatalno$¢ naukowa prof. Lewanowicza

i wielu zmiennych (2004, 2008)

Numer Algor (2008) 49:199-220
DOI 10.1007/s11075-008-9168-9

ORIGINAL PAPER

Multivariate generalized Bernstein polynomials:
identities for orthogonal polynomials of two variables

Stanistaw Lewanowicz - Pawel Wozny -
Ivan Area - Eduardo Godoy

Received: 20 June 2007 / Accepted: 4 January 2008 /
Published online: 21 February 2008
© Springer Science + Business Media, LLC 2008

Abstract We introduce polynomials BY(x:w|q) of total degree n, where
k=(ky,....ky) € Ng,O <ki+...+ksj<nandx = (x;,x;,..., xg) € R4, de-
pending on two parameters g and @, which generalize the multivariate classical
and discrete Bernstein polynomials. For @ = 0, we obtain an extension of
univariate g-Bernstein polynomials, introduced by Phillips (Ann Numer Math
4:511-518, 1997). Basic properties of the new polynomials are given, including
recurrence relations, g-differentiation rules and de Casteljau algorithm. For
the case d = 2, connections between Bj(x; w|q) and bivariate orthogonal big
g-Jacobi polynomials—introduced recently by the first two authors—are given,
with the connection coefficients being expressed in terms of bivariate g-Hahn
polynomials. As limiting forms of these relations, we give connections be-
tween bivariate g-Bernstein and Dunkl’s (little) g-Jacobi polynomials (STAM J
Algebr Discrete Methods 1:137-151, 1980), as well as between bivariate dis-
crete Bernstein and Hahn polynomials.

Dedicated to the memory of Luigi Gatteschi.

8/10

sesja-sle.ii.uni.wroc.pl



Nowe rodziny wielomianéw

e Uogdlnione wielomiany Bernsteina jednej

BIT Numerical Mathematics 44: 63-78, 2004.

© 2004 Kluwer Academic Publishers. Printed in the Netherlands. -

GENERALIZED BERNSTEIN POLYNOMIALS*

STANISLAW LEWANOWICZ' and PAWEE WOZNY'!

LInstitute of Computer Science, University of Wrockaw, ul. Przesmyckiego 20,
51-151 Wroctaw, Poland. email: {Stanislaw. Lewanowicz, Pawel. Wozny} @ii.uni.wroc.pl

Abstract.

We introduce polynomials B} (z;w|q), depending on two parameters g and w, which
generalize classical Bernstein polynomials, discrete Bernstein polynomials defined by
Sablonniére, as well as g-Bernstein polynomials introduced by Phillips. Basic properties
of the new polynomials are given. Also, formulas relating B]*(x; w|q), big g-Jacobi and
g-Hahn (or dual g-Hahn) polynomials are presented.

AMS subject classification (2000): 41A10, 65D17, 33D45.

Key words: generalized Bernstein polynomials, generalized Bézier form, generalized
de Casteljau algorithm, degree elevation, big g-Jacobi polynomials, g-Hahn polynomi-
als, dual g-Hahn polynomials, orthogonal polynomial expansion.

1 Introduction.

We define generalized Bernstein polynomials of degree n (n € N) by

(1.1) Bl(z;w|q) == ! {n} ' (wr ™ q)i(z;@)n: (=0,1,...,n),
q

(w; q)n i
Il

Najczesciej cytowana praca Lewanowicza

Dziatalno$¢ naukowa prof. Lewanowicza

8/10

i wielu zmiennych (2004, 2008)

Numer Algor (2008) 49:199-220
DOI 10.1007/s11075-008-9168-9

ORIGINAL PAPER

Multivariate generalized Bernstein polynomials:
identities for orthogonal polynomials of two variables

Stanistaw Lewanowicz - Pawel Wozny -
Ivin Area - Eduardo Godoy

Received: 20 June 2007 / Accepted: 4 January 2008 /
Published online: 21 February 2008
@© Springer Science + Business Media, LLC 2008

Abstract We introduce polynomials Bj(x;w|g) of total degree n, where
k=(ky,....kp € NS,O <ki+...+tkg<nandx=(x,x,..., xg) € R4, de-
pending on two parameters g and @, which generalize the multivariate classical
and discrete Bernstein polynomials. For @ = 0, we obtain an extension of
univariate g-Bernstein polynomials, introduced by Phillips (Ann Numer Math
4:511-518, 1997). Basic properties of the new polynomials are given, including
recurrence relations, g-differentiation rules and de Casteljau algorithm. For
the case d = 2, connections between Bj(x; w|g) and bivariate orthogonal big
g-Jacobi polynomials—introduced recently by the first two authors—are given,
with the connection coefficients being expressed in terms of bivariate g-Hahn
polynomials. As limiting forms of these relations, we give connections be-
tween bivariate g-Bernstein and Dunkl!’s (little) g-Jacobi polynomials (STAM J
Algebr Discrete Methods 1:137-151, 1980), as well as between bivariate dis-
crete Bernstein and Hahn polynomials.

Dedicated to the memory of Luigi Gatteschi.

sesja-sle.ii.uni.wroc.pl



8/10
Nowe rodziny wielomianéw

e Uogdlnione wielomiany Bernsteina jednej i wielu zmiennych (2004, 2008)

By (x; wlq) =

1 [Tl

(w: q) k} qu(w/X; k(9  (0<k<n)
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BROS wl) = o [
q—1
w=0

Wielomiany Bernsteina
(S.N. Bernstein, 1912)
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1 n
By (x; — [ } k : ‘) 0<k<
k(% wlq) (@ Lkl (/% @)% q)nx  (0<k<mn)
q—1
Wielomiany Bernsteina w=0 Dyskretne wielomiany Bernsteina
(S.N. Bernstein, 1912) (M. Neamtu, 1991)

Wielomiany g-Bernsteina

(G.M. Phillips, 1997)
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)

Uogdlnione operatory Bernsteina i ich zastosowania w teorii aproksymacji

Available online at www.sciencedirect.com
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“=.” ScienceDirect i

APPLICATIONS

www.elsevier.com/locate/jmaa
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ELSEVIER J. Math. Anal. Appl. 340 (2008) 1096-1108

Properties of convergence for . ¢g-Bernstein polynomials *

Heping Wang

Department of Mathematics, Capital Normal University, Beijing 100037, People’s Republic of China
Received 24 May 2007
Available online 14 September 2007
Submitted by Richard M. Aron

Abstract

In this paper, we discuss properties of the w, g-Bernstein polynomials Bﬁ,"'q( f:x) introduced by S. Lewanowicz and P. WoZny
in [S. Lewanowicz, P. Wozny, Generalized Bernstein polynomials, BIT 44 (1) (2004) 63-78], where f € C[0, 1], w,qg > 0, @ &£
].q". 2 ...q"‘H. When @ = 0, we recover the g-Bernstein polynomials introduced by [G.M. Phillips, Bernstein polynomials
based on the g-integers, Ann. Numer. Math. 4 (1997) 511-518]; when g = 1, we recover the classical Bernstein polynomials. We
compute the second moment of B,L,U'q(rzz x), and demonstrate that if £ is convex and w, ¢ € (0, 1) or (1, 00), then Bff'q(f:x) are
monotonically decreasing in n for all x [0, 1]. We prove that for @ € (0, 1), gn € (0. 1], the sequence [Bf'q"(f)},@l converges
to f uniformly on [0, 1] for each f € C[0, 1] if and only if lim, .~ g; = 1. For fixed w, g = (0, 1), we prove that the sequence
{B,[,U‘q(f)} converges for each f  C[0, 1] and obtain the estimates for the rate of convergence of {Bf‘q(f)] by the modulus of
continuity of f, and the estimates are sharp in the sense of order for Lipschitz continuous functions.
© 2007 Elsevier Inc. All rights reserved.

Keywords: w, g-Bernstein polynomials; Limit w. g-Bernstein operators; Rate of convergence; Modulus of continuity
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Shape-preserving properties of w, g-Bernstein polynomials™
Heping Wang

Institute of Mathematics and Interdisciplinary Science, School of Mathematics Science, Capital Normal University,
Beijing 100037, People's Republic of China

ARTICLE INFO ABSTRACT

Article history: : c 2 5
Received 1 October 2007 In this paper, we discuss shape-preserving properties of the o, g-
Accepted 18 September 2008 Bernstein polynomials B9 (f: x) introduced by Lewanowicz and
Available online 13 November 2008 Wozny in [S. Lewanowicz, P. Wozny, Generalized Bernstein poly-
: nomials, BIT 44(1) (2004) 63-78] for ,q < (0,1). When o = 0, we
Submitted by V. Mehrmann recover the g-Bernstein polynomials introduced by Phillips [G.M.
R Phillips, Bernstein polynomials based on the g-integers, Ann. Nu-
jﬂglgmmmm' mer. Math. 4 (1997) 511-518]; when q = 1, we recover the classical
65D17 Bernstein polynomials. For w,q < (0,1), we show that the basic
w, ¢-Bernstein polynomial basis is a normalized totally positive ba-
Keywords: sis on [0,1] and that the w,g-Bernstein operators B! on C[0, 1]
,q-Bernstein polynomials are variation-diminishing, monotonicity-preserving and convexity-
Totally positivity preserving. We also show that the ,q-Bernstein polynomials of

Variation-diminishing a convex function f in the case ,q < (0,1) are monotonic in the

parameters « and g, for fixed n.
© 2008 Elsevier Inc. All rights reserved.
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Nowe rodziny wielomianéw

e Uogdlnione wielomiany Bernsteina jednej i wielu zmiennych (2004, 2008)

e Dualne wielomiany Bernsteina réznego typu (2006, 2009)

Available online at www.sciencedirect.com
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Dual generalized Bernstein basis

Stanistaw Lewanowicz*, Pawet Wozny
Institute of Computer Science, University of Wroctaw, ul. Przesmyckiego 20, 51-151 Wroctaw, Poland
Received 29 October 2004; accepted 19 October 2005

Communicated by Dany Leviatan
Awvailable online 28 December 2005

Abstract

The generalized Bernstein basis in the space 1, of polynomials of degree at most n, being an extension
of the g-Bernstein basis introduced by Philips [Bernstein polynomials based on the g-integers, Ann. Nu-
mer. Math. 4 (1997) S11-518], is given by the formula [S. Lewanowicz, P. Wozny, Generalized Bernstein
polynomials, BIT Numer. Math. 44 (2004) 63-78]

Bl'(x; w|g) == [nj| Mox i@, (=0,1,....n).
g

(03 q)g L1

We give explicitly the dual basis functions Df (x;a,b, w|q) for the polynomials B;’(_r; ®|g), in terms
of big g-Jacobi polynomials Py (x; a, b, m/q: q), a and b being parameters; the connection coefficients
are evaluations of the g-Hahn polynomials. An inverse formula—relating big g-Jacobi, dual generalized
Bernstein, and dual g-Hahn polynomials—is also given. Further, an alternative formula is given, representing
the dual polynomial D'j’ (0< j = n) as a linear combination of min(j, n — j) + 1 big g-Jacobi polynomials
with shifted parameters and argument. Finally, we give a recurrence relation satisfied by Dy, as well as
an identity which may be seen as an analogue of the extended Marsden’s identity [R.N. Goldman, Dual
polynomial bases, J. Approx. Theory 79 (1994) 311-346].

© 2005 Elsevier Inc. All rights reserved.

Keywords: Generalized Bernstein basis; g-Bernstein basis; Bemnstein basis; Discrete Bernstein basis; Dual basis; Big
g-Jacobi polynomials; Little g-Jacobi polynomials; Shifted Jacobi polynomials
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Abstract

The generalized Bernstein basis in the space 1, of polynomials of degree at most n, being an extension
of the g-Bernstein basis introduced by Philips [Bernstein polynomials based on the g-integers, Ann. Nu-
mer. Math. 4 (1997) S11-518], is given by the formula [S. Lewanowicz, P. Wozny, Generalized Bernstein
polynomials, BIT Numer. Math. 44 (2004) 63-78]

Bl'(x; w|g) == [nj| Mox i@, (=0,1,....n).
g

(03 q)g L1

We give explicitly the dual basis functions D/ (x; a, b, | g) for the polynomials B[ (x; | g), in terms
of big g-Jacobi polynomials Py (x;a, b, w/qg: q), a and b being parameters; the connection coefficients
are evaluations of the g-Hahn polynomials. An inverse formula—relating big g-Jacobi, dual generalized
Bernstein, and dual g-Hahn polynomials—is also given. Further, an alternative formula is given, representing
the dual polynomial D'j’ (0< j = n) as a linear combination of min(j, n — j) + 1 big g-Jacobi polynomials
with shifted parameters and argument. Finally, we give a recurrence relation satisfied by Dy, as well as
an identity which may be seen as an analogue of the extended Marsden’s identity [R.N. Goldman, Dual
polynomial bases, J. Approx. Theory 79 (1994) 311-346].

© 2005 Elsevier Inc. All rights reserved.

Keywords: Generalized Bernstein basis; g-Bernstein basis; Bemnstein basis; Discrete Bernstein basis; Dual basis; Big
g-Jacobi polynomials; Little g-Jacobi polynomials; Shifted Jacobi polynomials
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Two-variable orthogonal polynomials of big g-Jacobi type Structure relations for the bivariate big g-Jacobi polynomials

Stanistaw Lewanowicz, Pawet WoZny * Stanistaw Lewanowicz *, Pawel WozZny, Rafat Nowak
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® CrossMark

ARTICLE INFO ABSTRACT
ARTICLE INFO ABSTRACT

Article history: Afour-parameter family of orthogonal polynomials in two discrete variables is defined for . = A 5
Received 29 September 2007 a weight function of basic hypergeometric type. The polynomials, which are expressed in Keywords: We give structure relations for the orthogonal polynomials in two variables, defined by

) terms of univariate big ¢-Jacobi polynomials, form an extension of Dunkl's bivariate (little) Bivariate big g-Jacobi polynomial Lewanowicz and Wozny [S. Lewanowicz, P. Wozny, J. Comput. Appl. Math. 233 (2010)
Dedicated to Professor Jes(s S. Dehesa on g-Jacobi pelynomials [C.F. Dunkl, Orthogonal polynomials in two variables of g-Hahn and Structure relation 1554-1561]
the pecasion afhis G0th birthday g-Jacobi type, SIAM | Algebr. Discrete Methods 1(1980) 137-151]. We prove orthogonality it

- property of the new polynomials, and show that they satisfy a three-term relation in a Pui(X,y:0,b,¢,d; q) := Py y(y:a,beq™"" ,dq"; q)y*(da/y; a),Pe(x/y; ¢, b, d/y; q)(n
1;’35550 vecror-matrix notation, as well as a second-order partial g-difference equation. >0, k=0,1,...,n)
B © 2009 Elsevier B.V. All rights reserved. =

where q € (0,1), 0 <aq.bg.cq< 1, d <0, and Py(t; 2, f,7:q) are univariate big g-Jacobi

Keywords: . . polynomials. We discuss in full detail the case of the polynomials P,(x.y;a,b,c.0:q).
g':[i:g;::iigtgdv;’:i;;'[pD'V"Dm'al which are closely related to Dunkl's bivariate (little) g-Jacobi polynomials [C.F. Dunkl, SIAM
Three-term relation J. Algebra. Discr. Methods 1 (1980) 137-151].

Parrial g-difference equation

© 2013 Elsevier Inc. All rights reserved.
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a=q%b=qP

1
- c=q¥,d=0

Y

Wielomiany Jacobiego na tréjkacie
(Koornwinder, 1975)
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e Obnizanie stopnia krzywych i powierzchni Béziera z ograniczeniami (od 2009

Computer Aided Geometric Design 26 (2009) 566-579
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Multi-degree reduction of Bézier curves with constraints, using dual
Bernstein basis polynomials

Pawel Wozny, Stanistaw Lewanowicz *

Institute of Computer Science, University of Wroctaw, ul. Joliot-Curie 15, 50-383 Wroctaw, Poland

ARTLCLE INFO AB ST R:A CT

Article history: We present a novel approach to the problem of multi-degree reduction of Bézier curves
RECEf‘led _18 ADTII 2008 with constraints, using the dual constrained Bernstein basis polynomials, associated
Received in revised form 28 August 2008 with the Jacobi scalar product. We give properties of these polynomials, including the

Accepted 26 January 2009

Available onfine 7 February 2009 explicit orthogonal representations, and the degree elevation formula. We show that the

coefficients of the latter formula can be expressed in terms of dual discrete Bernstein

Keywords: polynomials. This result plays a crucial role in the presented algorithm for multi-degree
Multi-degree reduction of Bézier curves reduction of Bézier curves with constraints. If the input and output curves are of
Constrained dual Bernstein basis degree n and m, respectively, the complexity of the method is O(nm), which seems to be
Dual discrete Bernstein basis significantly less than complexity of most known algorithms. Examples are given, showing

the effectiveness of the algorithm.
© 2009 Elsevier BV. All rights reserved.
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We present a novel approach to the problem of multi-degree reduction of Bézier curves
with constraints, using the dual constrained Bernstein basis polynomials, associated
with the Jacobi scalar product. We give properties of these polynomials, including the
explicit orthogonal representations, and the degree elevation formula. We show that the
coefficients of the latter formula can be expressed in terms of dual discrete Bernstein
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We propose an efficient approach to the problem of multi-degree reduction of rectangular
Bézier patches, with prescribed boundary control points. We observe that the solution can
be given in terms of constrained bivariate dual Bernstein polynomials. The complexity of
the method is ¢(mninz) with m := min(my, mz), where (ny,n2) and (my,m;) is the degree
of the input and output Bézier surface, respectively. If the approximation—with appropri-
ate boundary constraints—is performed for each patch of several smoothly joined rectan-
gular Bézier surfaces, the result is a composite surface of global C" continuity with a
prescribed 1 = 0. In the detailed discussion, we restrict ourselves to r € {0,1}, which is
the most important case in practical application. Some illustrative examples are given.
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Abstract We present an efficient method to solve the problem of the con-
strained least squares approximation of the rational Bézier curve by the
polynomial Bézier curve. The presented algorithm uses the dual constrained
Bernstein basis polynomials, and exploits their recursive properties. Examples
are given, showing the effectiveness of the algorithm.
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ZASTOSOWANIA MATEMATYEI
APPLICATIONES MATHEMATICAE
XV, 2 (1976)

ALGORITHM 47
S. LEWANOWICZ (Wroclaw)

SOLUTION OF A FIRST-ORDER NON-LINEAR DIFFERENTIAL
EQUATION IN CHEBYSHEV SERIES

| 1. Procedure declaration. Procedure nidiffeqNort calculates the

approximate values of the coefficients of the Chebyshev series expan-
on (i.e. the series of Chebyshev polynomials T; of the first kind) of the
of the differential equation

¥ =flz,y) (—1l<e<l)
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e Numeryczne obliczanie catek postaci J (1 —x)*xPf(x)](ax)dx (1991)
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