1.

3.

4.

Contents

Matrix subdivision.......... .. .. . 1
1.0. Introduction. ... ..o e 1
1.1. de Casteljau subdivision . ............ ... ... . i 1
1.2. Matrix subdivision: Convergence criteria....................... 10
1.3. Matrix subdivision: Reparameterization examples ............... 20
1.4. Stochastic matrices. ... ..ot 29
1.5. Corner cutting. .. ...t 34
1.6. Total positivity and variation diminishing curves................ 38
Stationary subdivision .......... ... .. .. o i i 55
2.0. Introduction. ... o 55
2.1. de Rahm-Chaikin algorithm......... ... ... .. .. ... ... ... 55
2.2. Cardinal spline functions. .. ...... ... ... . ... . oL 58
2.3. Lane-Riesenfeld subdivision ......... ... ... ... ... .. o . 61
2.4. Stationary subdivision: Convergence .......................... 67
2.5. Hurwitz polynomials and stationary subdivision ................ 83
2.6. Wavelet decomposition . .............. ... 96
Piecewise polynomial curves ................ ... .. ... .. ... 105
3.0. Introduction. .. .. ... i e 105
3.1. Geometric continuity: Reparameterization matrices ............. 105
3.2. Curvatures and Frenet equation: Frenet matrices................ 110
3.3. Projection and lifting of curves ............ .. ... .. ... oL 115
3.4. Connection matrices and piecewise polynomial curves............ 123
3.5. B-splinebasis .......... .. 131
3.6. Dual functionals . ...... ... .. . ... 135
3.7. Knot insertion and variation diminishing property

of the B-spline basis ......... . ... ... .. .. ... ... 143
Geometric methods for piecewise polynomial surfaces..... .. .. 149
4.0. Introduction. ... ... . . 149
4.1. B-splines as volumes .......... ... .. ... ... ... .. ... ... .. ... 149



viii CONTENTS
4.2. Multivariate B-splines: Smoothness and recursions .............. 155
4.3. Multivariate B-splines: Multiple points and explicit formula . ... .. 169
4.4. Multivariate truncated powers: Smoothness and

FTe1¥ b 57 o) ¢ 176
4.5. More identities for the multivariate truncated power............. 186
4.6. Thecubespline. ... ... ... .. . . . i 192
4.7. Correspondence on the historical
development of B-splines.......................... ... ... ... 200

5. Recursive algorithms for polynomial evaluation ............... 207
5.0. Introduction. ... ... o 207
5.1. The de Casteljau recursion ............... ... coiiiiiiinnnn... 207
5.2. Blossoming Bernstein—Bézier polynomials: The univariate case. ... 211
5.3. Blossoming B-spline series: The univariate case ................. 215
5.4. Multivariate blossoming ................ .. ... .. ... ... ... .. ... 219
5.5. Linear independence of lineal polynomials...................... 222
5.6. B-patches ... . . 227
5.7. Pyramid schemes .......... ... . ... 234
5.8. M-patches ... .. . . 237
5.9. Subdivision by B-patches ............ .. ... ... . ... ... ... ... 242
5.10. B-patchesare B-splines ........................... ... ..... 247

Index ... o 253



