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REZUMAT. - Suprafeţe generate pria Interpolare blending. Folosind proprietatea funcţiei 
interpolatoare blending de a coincide cu funcţia pe care o interpelează pe puncte, segmente sau 
arce de curbă situate în domeniul de definipc al funcţiei, sunt generate suprafeţe controlate de 
valon alo funcţiei şl derivate ale acestora de gradul I sau il

The blending interpolation has many practical applications As it is well know, 

blending interpolation is the interpolation at an infinite set of points segments, curves, etc 

Thus, if one gives the contour of an object by such elements (points, segments, curves) using 

a blending inteipolation, we can generate a surface that contains the given contour Hence, 

we can construct a surface (a blending function interpolant) which mach a given function and 

certain of its denvatives on the boundary of a plan domain (rectangle, triangle, etc )

Using such a surface fitting technique it was constructed the roof surfaces for large 

halls (industrial halls, exposition halls, public buildings) [4,5,6,7,8]

Our goal is to construct some new such surfaces using Lagrange’s, Hermite’s and 

Bnkoffs interpolator operators

Let Th => {(xj/) e  № I x&O, paO, x+h-sh) be the standard triangle and /  1\ -*■ R a 

given function
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The operators used are.

1) Lagrange’s operators L * , L f  and L ?  defined bv

= t p L f ( O y ) + * f ( h - yxy)
' ' h -у  h -y

(V/)(*jO = h~*~yj (x, 0) + JL f(x ,h  -x) 
'  h-x  h-x

= — Äx+yfl)+-?-/<P*+y)' 1 x+y x+y

each of them interpolating the function f on two of the sides of Th

2) Hermlte’s operators H?, Н /  and H?' corresponding to the double nodes

Ф~УУ (h-yr
г У 1 ' . : ? : М м - у у )

Ф-yf Ф-У?

(h-x?  (h-x?

+2 ^ ^ Л г Л - г ) +2 ^ 3 ^ / о . 'Х х Л - х )
(h-x? (h-x?

( Ю ) ( ^ )
(*+>T (*+t)

+^ ( ^ y(v^ 0)_ _ ^ (/(u,)_/oll))(v+^ 0)
(*+Т) (x+y?

3) BirkhofTs operators B* and B? defined by

(/V/)̂ ) =* /(O4V) +(x+y-h)?'fi)(h-yy) 
(/i,y)(.v,y) = f(xfi) -(x +y-h]f(0'1 \x,h -x)

4) BirkhofT s opeiatois B? and B? with
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М М  - Л 0

х \2 х -Щ
3(2МЛ) - / ™ м -

_2x\3X-x)
3A(2X-A)' / ‘■“’(AjO

3(2 у-А) ЗА(2у-Л)

for Х,уЕ[0,Л]

1 For the begining we construct a scalar interpolating formula generated by the 

operators I / ,  I ,y and Я /, Я /  and H3y, using two levels of interpolation

First, the function /  is approximated by the boolean sum of the operators L f  and L y

' ' h -у h-x  /i- vh-x

A A(A -y)

In order to obtain a scalar appioximant o f/ ,  we use in the second level the following 

approximations

/О М  « ( н ф у ) ,  Лх,0) » (нз% 0 )  and y(v,A-x) « (#"/)(*,A-x)

Let

(2) f - P M f

w i t h

о )  о,о) + - ^ 3± Э Д а,о)+
A3 A3

+y(2fix+3hy-2x2-2xy-2y2) ^ nh}+x(fi-x)(h-x-y)
A3 A2

+# 7 ) ( A - r - M ,) r 2( A - M l|0, 0) +̂ M ‘VA 0)+
A2 A2 A2

A 2 A 2
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be the obtained interpolation formula

Theorem 1 If there exist and _f°'l>(P), i=l,2,3, where F( are the vertixes of

Th, then P f  interpolates /  and its first partial derivatives at F, /=1,2,3 

Also Pgag  for all g S P j, i e the exactness degree of P is two 

The proof of the theorem is a straightforward computation 

Theorem 2 I f ßEBl2(0,0) [10] then

(^ (^ J ') c j4>30(^^vV)/,3'u,(.v,0)£fe+Í(p2l(A: 1̂.s-)/<2'1)(5,0)ri5+

1
% fx ^ d )f0'3,(Q,í)dí+jJtpn(xy7s,i)/xl-2\s,t)dsdt,

where

0 2 h3 2 h24V

yj\{h-x-y)+x(h-x)\ _ t)
h 2

4>u(xxy,s,t)°(x-s)l(y-()i

The proof follows by Peano’s theorem for a triangular domain [2]

The approximation formula (2) is tested on the function Дх»>')а 1/(дс2+>'2+1) The 

graphs of the function /  and of the approximation P f  are given in Fig 1 and Fig 2.

Remark Such an interpolation formula can be used to obtain a cubature formula ovei 

a triangle

2 Next, it will be used the given interpolator operators to generate some surfaces on
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the domain Z?a={(xtj/)E№| |x| + |_y|s/i}

Such a surface is constructed first on the triangle Th, öfter that is extended by 

symmetry with respect to the coordinate axes on all Dh

First examples of such surfaces are obtained from the approximation function P f  (3), 

for

{ )  =/<1'0)(Л,0)=/<0'1)(0,А)=О

and / (1,0)(0,Л)“/ (о,1)(Л,0)“ -0 5 (Fig 3)

iespectively

(В) /0 ,0)=4 1ДА)0)^Д0,Л)'=/1'О)(Л,0)“/ О11(0,А)=0(

/ 1U)(0,0)=/°'l'(0,0)= -l and 

/"'°X0,h)™fblXh,0)— 0 25 (Fig 4)

Fig 1 Fig 2

Now one supposes that the fonction /  take the value zero on the border of D, i e 

A «“ 0 Thls 1S equivalent with the condition f tx ji-x )=0 for *e[0,/i] Using this condition
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l (x j>) + !lZ lL ßxß) -2 l?pL fi0ß)
h -y  h-x h

Taking А т 4 р { / ) м  and /л-0)=(//,7)(х,0), in the same condition J(x,h-x)= 0 for 

all Æ [0,/i], one obtains the class of surfaces

ll(x,y)= h ~X~}-\{h2 +hx~2x2 ~2y 2)Д0,0) +А*(А 
Л3

+hy(h -yV M ( 0,0) -hx 2_/<l,U)(/j,0)-hy  У(0°(0,Л)], 

which depends on the data

(Д 0 ,0 )/ 1̂ (0 ,0 ) /и'13(0)0 ) / 1’11>(А)0)У<^>(0,Л))

For the data (4,-1,-1,-1 ,-1) one obtains the surface, from the Fig 5

Another class of surfaces is given by the boolean sum of the operators and У  

obtained from У  respectively Н /  in the conditions /(x,/i-r)-=/l'0)(x,/i-x)'=/°'1)(r,/i-x)=0 foi 

all x€E[0,A], l e
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(h -y f ih -уУ

( o / J j M
(h-x-yf(h-x+2y) y (h -x -y ff  q,„ 

(A-x)3 (A-x)2

We have

(g /  e  G3̂ H h ~ x - y f  

+ h ~x+2>\
Q i-yf ( h - y f

_ h +2hx+2hy+6xy-До.о)-

-  x(A+2y)/ l,o)(nn)- X v+2x)/ (»,,)(n n )-  ^ / ' . „ m n )  
A3 A3 h r

Now, for

X0.V) ^ J j i O y f A o f i )  ß y - h f ^ m  

f Kxfi)4B *]j(xß)= A 0ßh(x-h)yi0Xhß)

f m (0y>) ^ , 7 <1'0))(0^ ) = ^ / 1'0)(0,0)+ Z /(1’0)(0>A)

/ (0'°(х.О) “( l 17 <O,1))(^0)= ^ I Í / lí0' l)(0,0)+ Í:/ <u'1)(A,0) ' Л  л
one obtains

G(xvp)=(A-x-^); Л +2x-_y A“X +2y _ h 2 +2Ax +2hy +6xy
(h -y f  (A-x)3 A4 j

.̂xţ^ - A ) ^ , ^  n) + x>;(2v-^)yxo.i)<-n n)- ^  /('.')(»») 
h '(h-y)  A3(A-x) A2

У(0,0)н

A-x+2)
- f m ( h ß f xy

( h - x f '  ' ‘ '  A(A-t)

- ^ i r ^ W + T T r Lr f ° ,')W(h -y f h (h -x f
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Fig 5. w Fig 6

(Д0,0)1/Х1'°)(0,0)1/ <0,1)(0)0 ) / 11'1>(0,0)|
■ / ‘■и)(Л,0) / 10>(0>А ) /0'1>(0,Л )/0’»(А)0))

As an example (Fig 6) is given the surface obtained for the data (4,-1,-1,1,0,5,0,5)

The last class of surfaces is generated using the Fejer’s type operators F-f and/-'/ 

obtained from H3* and H3 for
I * •« '

=/"'0)(Л - ^ ) ° / ол,(х,0) ')(JC,A -x)»0
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Taking into account the general condition that j[x,h-x)=0 for х€=[0,Л], one obtains

where Х,уЕ|0,/)]

Two example aie taken here, for the data (4,-l,-l,0,0,0,0) with X°y=5 (Fig 7) and (4,- 

0 75,-0 75,0,0,2,2) with X-y-15 (Fig 8)

Finally, we remark that foi any of the presented classes of surfaces, for convenable 

data, can be obtained a large vaiiety of surfaces

(l<7 © F $ i x y ) = { h - x - y ? \ t ^ A m +
ih -y f

№ : y * h? 4 j m
{h -x f h \h~y)

in order to control the inflexion points we take

A W  { в ф у )

Х * ,0) .ф ? з ^ ( * ,0)

One obtains

that depends on

(Д0,0) / ‘'°)(0,0)1/<0'1)(0,0) / ' ' ^ 0,Л),
/ ° '1)(0,Л )/2'°>(Х,0)1/ до>(0,у)),

47



Gh COMAN, I GÂNSCÀ, L ŢÂMBULEA

R E F E R E N C E S

1 Barnhill, R E , Birkhalf, G , Gordom, W J , Smooth Interpolation m tnangies J Approx Theory, 8,1973, 
114-128

2 Barnhill, RE , Mansfield, L , Error bounds for smooth interpolation in triangles J Approx Theory, 
11(1974), 306-318

3 Bohiner, К , Coman, Gh, Smooth interpolation schemes m triangle with error bounds Mathematica, 
18(41), 1976, 15-27

4 Coman, Gh., Multivariate approximation schemes and the approximation of linear functionals 
Mathematica, 16(39), 1974, 229-249

5 Coman, Gh„ Gânscă, I , An application of blending interpolation. Itinerant seminar of functional
equations, approximation and convexity Cluj-Napoca 1983, Preprint nr.2, 1983, 29-34

/

6 Coman, Gh, Gânscă, I , Some practical applications of blending approximation Proceedings of the 
Colloquium on Approximation and Optimization, Cluj-Napoca, October 23-27, 1984,

7 Coman, Gh., Gânscă, 1, Some practical applications of blending approximation II Itinerant seminar of 
functional equaUons, approximation and convexity. Cluj-Napoca 1986, Preprint nr 7, 1986, 75-82

8 Coman, Gh, Gânscă, I , Ţâmbulea, L , Some practical applications of blending approximation III 
Itinerant seminar of functional equations, approximation and convexity. Cluj-Napoca 1989, Preprint nr 7, 
1989, 5-22

9 Coman, Gh, Gânscă, I , Ţâmbulea, L , Some new roof-surfaces generated by blending interpolation 
technique Studia Uiuv Babeş-Bolyai, Mathematica, XXXVI, 1, 1991, 119-130

10 Gordon, W J , Distributive lattices and the approximation of multivariate functions In "Approxunation 
with special emphasis on spline functions" (ed by IJ  Schoenberg). Academic Press, New York and 
London, 1969, 223-227

11 Sard, A , Linear approximation AMS 1963
12 Staucu, D D , Generalizarea unor formule de interpolare pentru funcţii de mai multe variabile şi unele 

coiisiderapi asupra lonnulci de integrare numerică a lui Gauss Buletin St Acad R P Române, 9, 2,1957, 
287-313

13 Stancu, D D , The remainder of ceitam linear approximation formulas m two variables J SIAM, 
Numcr Anal, 1, 1964, 137-163

14 Steffenseu, J F , Interpolation Baltimore, 1950

48


