Index

iiiiiiiiiiiiiiiiiiii

iiiiiiiiiiiiiii

accuracy, 38, 221 affine invariant, 113 aliasing, 165 amortisation, 107 analysis, Fourier, 243 antiderivative, 175 approximation, 48 cubic B-spline, 133, 148 least-squares, 131 arc length, 79, 177 computing, 178, 182, 190 Archimedes, 18 arithmetic,

floating-point, 53 integer, 53, 57

Babbage, Charles, 2 Barsky, B., xiv Bartels, R., xiv basis functions, 93 affine invariant, 113 cardinal, 95 cubic Bezier, 121 cubic B-spline, 135 cubic Hermite, 120 deriving, 116 orthogonal, 89, 244 solving for, 94 orthonormal, 243 partition of unity, 113 see also "function" Beatty, J., xiv bit, 223

data, 224 sign, 224 Blachman, N., xv blurring, 151 boundary conditions, 192 Burbulla, D.C.M., xv byte, 223

calculus of variations, 131 Carpenter, L., 46 central difference, 201 change of basis, 41, 93, 117 matrices: M_b (cubic B-spline), 134; M_{CR} (Catmull-Rom), 96; M_H (cubic Hermite), 120; M_I (Lagrange fourpoint), 94 see also "transformation" change of variables, 194, 213

299 character font, 153 Char, B., xv chopping, 227 circle, 13, 29, 64

implicit representation, 25 rendering, 58 circumference, 13 clipping, 279 co-ordinate system independence, 113 COBOL, 226 compact disk, 1 computer graphics, 4 cone, 33 continuous derivative, 133 convolution, 123, 141, 262

sum, 142 continuous-time, 143, 263 discrete-time, 142 properties of, 142 convolution with d-function, 269 cubic, 83 curvature, 132 curve, 29

isoparametric, 33, 115 planar, 39 space, 30, 39, 102 von Koch, 43 (see also "fractal") cubic, 83 cusp, 98 cylinder, 33

dart-throwing, 205 dartboard, 205 Davis, P., xiv deterministic, 42 determinant, 67 difference engine, 2 difference, forward, 109 differential equation, 51 Digits, 18 direction, 21 discontinuity, 124 discretisation, 2 display, line-drawing, 50 distribution,

Gaussian, 146, 265 see also "function" divergence, 129 Dodson, C.T.J., xv domain, 22

frequency, 249, 270 spatial, 249 duality in spatial and frequency domains, 263 double, 236

efficiency, 11 ellipse, 32 equations, solution of linear, 68 error analysis of quadrature, 237 error,

absolute, 9, 203 in compound quadrature rule, 240 in compound Simpson’s rule, 241 in compound trapezoid rule, 240 in Riemann sums rule, 238 in Simpson’s rule, 239 in trapezoid rule, 239 numerical, 221 order of, 238, 241 relative, 10, 203 representation, 229, 232 residual, 8, 233, 236, 241 round-off, 229 Euler’s formula, 6 e^x, Taylor series for, 235 exception,

arithmetic, 229 division by zero, 229 overflow, 229 underflow, 229 expected value, 208 exponent 227

Farin, G., xiv filter, 140

anticipatory, 158 band-pass, 152 box, 266 causal, 158 design of, 154 difference of Gaussians, 154, 262 Gaussian, 146 half-width of, 141 high-pass, 152, 266 iterated, 146 Kronecker d-function, 144 low-pass, 151, 168, 263 moving-average, 144, 266 normalised, 140 blending functions, 148 sinc function, 263 support, 140 triangular, 155 filtering, 123, 132, 137, 158, 168 analytic, 265 box, 263 frequency-domain, 264 space/time/shift invariant, 142 finite difference, 52 float, 236 floating point, 20, 48, 219, 227 IEEE floating-point standard, 230 multiple-precision, 230 normalised, 227 variable-precision, 230 see also "precision" fly, 73, 139, 161 forward differences, 2 forward differencing, 37, 109 Fourier series, 89 Fournier, A., 46 fractal, 1, 45

deterministic, 43 frame buffer, 62 French, A.P., 250 frequency, 161 content, 249 angular, 249, 257 circular, 249, 257 high, 151 low, 151 maximum, 165 see also "spectrum" function, 22 aperiodic, 260, 262 function, band-limited, 250 basis, 89, 90 (see also "basis functions") bijective, 23 blending, 90 composition of, 23 computing zero/root of, 277 constant, 243 continuous, 24, 138 Dirac d, 256 discontinuous, 24 domain, 22 explicit, 25, 283 frequency of, 243 Gaussian, 146, 256, 261, 265 implicit, 25, 277 impulse (Dirac d function), 270 injective, 23 integral, 174 Kronecker d, 143, 171, 256 one-one, 23 onto, 23 parametric, 26 periodic, 244, 257, 260, 262 polynomial function space, 89 range, 22 Runge’s, 129, 176 sinc, 166, 263 sinusoidal, 249 step, 124, 144 surjective, 23 target, 22 functional mapping, 140 fundamental theorem of calculus, 175 Fussell, D., 46

geometric object, 277 Gibbs’ phenomenon, 254 Gibson, W., 2 graphical computation, 4 grammar, 43

Horner’s rule, 37 Hoschek, J., xiv, 125 human visual system, 153 image, 62 implicitisation, 283 impulse, 142 integral, 174

equation, 174 closed-form, 176 elliptic, 178 improper, 175 Lebesgue, 176 Riemann, 176 integration, 174

see also "quadrature" definite, 174 indefinite, 174 interp, 77 interpolation,

bicubic, 115 bilinear, 115 effect of noise on, 81 four-point, 118 Hermite, 198 Lagrange, 76, 187, 219 piecewise cubic, 84 piecewise Lagrange, 122 piecewise linear, 83 piecewise polynomial, 82 problems with Lagrange, 81 ringing effects with, 81 intersection, 277ff.

of objects defined explicitly, 283 general object-object, 283 plane-line, 278 sphere-line, 281 interval,

closed, 20 semi-closed, 20 semi-open, 20 jaggies, 50, 153 jitter, 148 Johnston, R.L., 236 JPEG, 126

Kahaner, D., xiv, 18 kernel, 269 knot(s), 77, 133, 161,

nonuniform spacing, 77 uniform spacing, 77

Lasser, D., xiv, 125 Leibnitz’ formula, 6 line, 27

implicit representation, 278 parametric equation, 279 line segment, 27, 41, 90

Bresenham’s Algorithm, 57 optimal rendering, 52 rendering, 50 local control, 132 local support, 82 long int, 225

Mandelbrot, B.B., 46 magnetic resonance imaging, 3 magnitude, 21 mantissa, 227, 231 Marsden, J.E., xiv, 194, 250 mathematical computation, 3ff matrix, 66

Gaussian elimination, 69 identity, 68 inverse, 69 transpose, 67 mean, 208 method, Monte Carlo, 205

(see also "quadrature"), military, Canadian, 70, 73 Moiré pattern, 169 Moler, C.M., xiv, 18 Morris, J.L., 236

Nash, S., xiv, 18 Newman, W., 59 noise, 127, 137 number system,

complex, 19, 258 floating-point (see "floating point") integers, 20 natural numbers, 19 quaternions, 19 rationals, 20 real numbers, 2, 20

numerical analysis, 2 numerical error, 3 (see also "error") numerical integration, 5, 173, 202 (see also "quadrature") numerical methods, 3, 221

octant, 51 operation,

associative, 20, 67, 230 commutative, 67, 230 distributive, 230 Oppenheim, A.V., xiv, 263 optimisation, 277 option remember, 18

parallel, 22 parameter, 26 parameterisation, 26 parametric piecewise polynomial, 5 (see also "polynomial") partition of unity, 113 phantom vertices, 193, 195 phase shift, 249 p, 5

computation of, 5 piecewise surface, 34 Peitgen, H.-O., 46 pixel, 49, 61 plane,

implicit representation, 25, 278 parametric representation, 283 polygon, 14, 281 polynomial, 36, 74 factoring a, 286 curve segment, 101 B-spline, 98 basis, 89 coefficients of, 78 constraint on, 118 cubic Catmull-Rom and B-spline, 136 cubic Catmull-Rom basis, 96 cubic B-spline (uniform), 132, 133 cubic Bezier, 121 cubic Hermite, 120 cubic Overhauser basis, 96 degree of, 37, 74 direct evaluation of, 108 evaluation, 37, 106 forward differencing, 109 hardware evaluation of, 107 Horner’s evaluation of, 108 knots of, 77 Lagrange, 76, 91 matrix evaluation of, 106 mixed constraints on, 119 monomial, 90, 91, 285 online construction, 81 order, 12, 37, 74 parametric, 103 piecewise, 40, 124 piecewise parametric, 74 plotting a, 42 power basis, 90 rational, 30, 37 reparameterisation, 38 roots of, 75 roots of quadratic, 282 smooth piecewise, 98, 100 surface, 114 symbolic computation of roots, 284 table look-up evaluation, 109 tangent constraints, 119 Taylor, 232 transformation of, 111 four-point interpolant (Lagrange), 95 representation of, 85 Pratt, W., xiv precision,

double, 228 finite, 221, 227 multiple, 230 single, 228 variable, 230 Prenter, P., xiv preprocessing, 107 Press, W, 18 probability distribution, 140 continuous, 208 uniform, 208 procedural representation, 42 prod, 78 product,

cross, 22 dot, 280 functional inner, 244 inner, 22, 280 program transformation, 49 pub, 205

quadrature, 5, 173, 178, 274 adaptive, 202 Gaussian, 213 Monte Carlo method, 173, 205-207 quadrature rule, 179

Catmull-Rom, 196 compound, 199 compound Catmull-Rom, 201 compound Riemann-sums, 199 compound Simpson’s, 173, 200 compound trapezoid, 84, 173, 199 cubic interpolation, 173, 176 Riemann sums, 176, 179-181 Simpson’s, 176, 188 trapezoid, 176, 184 quadratic, 83 quantum physics, 250

Rabinowitz, P., xiv radical, 287 rand(), 209 random,

numbers, 42 variable, 208 Gaussian random variable, 210 raster, 62

scan, 63 ray tracing, 279 real numbers, 2

(see "number systems") reconstruction, 130, 158, 166, 175 ideal, 166 recurrence, 16 reparameterisation, 28, 82, 194 replacement rule, 43 representation, 1, 2

of continuous phenomena, 4 discrete, 4 excess-n, 228 explicit, 3 fixed-point, 226 floating point (see "floating point) frequency-domain, 263 graphical, 3-4 hexadecimal, 225 IEEE standard floating-point, 230 implicit, 3 infinity, 231 integer, 224 numerical, 222 octal, 225 parametric vs. implicit, 278 real number, 2, 219 (see also "number system") series, 225 spatial-domain, 263 specific floating-point, 230 symbolic, 3, 219 unevaluated numeric, 6 variable-length, 226 zero, 231 reverb, 171 ringing, 122, 124, 254 roots and root finding, bisection algorithm, 290 convergence and divergence of methods, 295 hybrid algorithms, 298 iterative methods, 289 multiple, 285 Newton-Raphson method, 292 numerical methods, 288 the secant method, 297 see also "polynomials, finding roots of" rounding, 52, 227

proper, 227 Rudin, W., xiv

samples, 138 sampling, 123, 158

density, 162 operator, 270 pattern, 212 rate, 128, 269 Nyquist rate, 165, 273 train, 270 Poisson-disk, 212 quasi-random, 212 uniform, 212 Saupe, D., 46 scientific computation, 2-4 scientific notation, 227 sequence, 20 series, 13

Fourier, 151, 165, 219 examples of Fourier series, 246 changing the domain of Fourier series, 257 comparison of Taylor and Fourier series, 245 generalised Fourier series, 256 trigonometric Fourier series, 243, 244 polynomial, 232 Taylor, 219, 235 truncated, 235 shift, right/left, 225 sifting property, 256 signal, 138

continuous-space/time, 138 discrete-space/time, 138 high-frequency, 169 processing, 123, 138 sampling, 138 significand, 227 sinc function, 175 smoothing, 151 space,

colour, 21 function, 41 polynomial, 21 vector, 21 spectrum, 270

box function, 254, 261 spectrum,

Gaussian function, 256, 261 impulse train, 270 line segment, 250, 258 sampling process, 271 sinc function, 252 band-limited, 265 Fourier, 247 sphere, 33

implicit representation, 25, 278 spiral, 64 spline, 125

natural, 125 Sproull, R.F., 54, 59 stability, 38 standard deviation, 146, 211 Sterling, B., 2 straightness, 50 sum, 78 support, 140

infinite, 167 local, 140 surface,

bicubic, 115 bilinear, 115 patch, 34 polynomial, 114 tensor-product polynomial, 115 symbolic,

computation, 3-5 programming environment, 6 system, 142

linear time-invariant, 142 overdetermined, 160 underdetermined, 160

Taylor, E.F., 250 Taylor series for e^x, 235 teapot, 34, 115 temperature scale,

Celsius, 228 Kelvin, 228 Teukolsky, S., 18 theorem,

convolution, 263 Fermat’s last, 284 Heisenberg uncertainty principle, 250 modulation, 263, 270 sampling, 160, 161, 269 Taylor’s, 235 Weierstrass approximation, 76 thresholding, 267 trajectory, 73, 74, 104, 124, 161 transformation, 87

change of basis, 93 discrete cosine, 126 Fourier, 247, 258 Fourier cosine, 257

Fourier sine, 258 geometric, 107 inverse Fourier, 259, 265 Laplace, 269 linear, 261 perspective, 113 polynomial, 93, 108 rotation, 113 scale, 113 shear, 113 trochoid, 32, 70 truncation, 213, 227 tuple, 20, 26

uncertainty principle, 250 undersampling, 127, 128, 165

variance, 146, 211 variation, 266 vector, 21, 26

basis, 88 column, 66 dot product, 67, 89 inner product, 67 normalised, 22 position, 88 row, 66 scalar product, 67 velocity, 21, 119 Vetterling, W., 18 volume, 278

Willsky, A.S., xiv, 263 windowing, 167

Young, I.T., xiv, 263