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Abstract

The classical methods of real data interpolation can be generalized with fractal in-
terpolation. These fractal interpolation functions provide new methods of approx-
imation of experimental data. These methods can be generalized in multivariate
case too. Using a bivariate interpolation formula we will use bivariate Bernstein
polynomials and we construct the bivariate fractal interpolation formula and we
extend these methods to stochastic case.

A function f : [a,b] — R, defined on the real interval is named by Barnsley a
fractal function if the Hausdorff dimension of the graph is noninteger. Barnsley
introduced in [2] the notion of a fractal interpolation function (FIF). He said that
a fractal function is a (FIF) if it possess some interpolation properties, it means
that the fractal function is constrained to go throw on a distinct set of points
(x;,y;) € R?,i=1,2,...,N. In the last few decades the methods of fractal interpo-
lation methods was applied successfully in many fields of applied sciences. It has
the advantage that it can be also combine with the classical methods or real data
interpolation. Barnsley in [1] introduced the notion of local iterated function sys-
tems which are an important generalization of the global iterated function systems.
Recently in [3] is introduced a new construction of fractal interpolation of surfaces
using bivariate Hermite interpolation. In this article we extend this method in the
case of Bernstein polynomials.
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1. The two dimensional product-type Bernstein
operator on a square

Let Dj, be a square with the vertices V; = (0,0),V, = (h,0),V3 = (h,h) and
Vi = (0,h) and also F a real-valued function defined on this square. We will
consider the following uniform partition on the interval [0, k], regarding with the

variable x and y:
i
Apm =19 —h,i={0, ...
o= { L= f0.my

Ay = {fbh,j _ {0,...n}}

and the corresponding Bernstein-type operators:

(Bma ) (2, y) me z, y)F h y)

and
J
(BryF)(z,y) anj (x,y)F h)
where
. T 7 T m—1i
m,i ) :Cl (7> (1—7) 5
Pmi(w,y) = o 5 N
respectively

ot =c2(2) (- )"

Considering the product of these one-dimensional Bernstein operators P, =
B* BY, we have

m n’

(P F) (2, y) ZZPW T, Y)n,j (2, y)F(Z:LJD

1=0 j=0

The product operator P,, ,, interpolates the domain Dy, on the vertices (P, , F)(V;) =
F(V;), i=1{1,..,4}, and also we have the following approximation formula

= Pm,nF + Rm,nFa

where Ry, ,F' is the corresponding remainder operator.
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2. Generalization of product-type Bernstein
approximation formula by fractal interpolation

The product-type Bernstein fractal interpolation function is given by

(Bpshn F)(2,y) ZZB W) f (@i y;), (wi,y;) € D

=0 j=0

where o and 8 are the corresponding vertical scaling parameters, and Bg, (z) and

Bfm(z) are univariate Bernstein-type fractal interpolation functions, which are
constructed with an iterated function system.

Theorem 1. Let 0 <xp <21 < ... < Ty < h, 0< yg < y1 < ... < yn < h, a set of
equidistant data is given, also the value of the function f(x;,vy;),i=0,1,....,m; j =
0,1,...,s5. The vertical scaling factors o, i = 1,2,...,m and B, j =1,2,...,n such
that |a|eo < 1, and |Blec < 1. Than for a fized i,i =0,1,....m and j,j =0,1,...,n
there exist a fractal function B, and Bﬁ such that

B;, (i) = Bim(x;), foralli=0,1,...m
Bl(y;) = Bjs(y;), forall j=0,1,..n

We also study the error of the Bernstein-type bivariate fractal interpolation
formula, and we give a delimitation of the error.
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