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centroid, 163
circumcenter, 165
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affine map, 124, 162, 179, 305
2D, 124
3D, 239

affine maps, 216

angle
cosine of, 38
re-entrant, 288
sine of, 188

angle bisector, 163, 208

area, 89, 161, 164, 231
parallelogram, 106, 187
signed, 162

Bézier curve, 302
back substitution, 111, 266
barycenter, 288
barycentric combination, 30, 125,
161, 240, 242, 305
barycentric coordinates, 30, 31,
48, 160, 196, 208, 243
basis vectors, 35
bisector
angle, 163, 208
edge, 164
two points, 196
vector, 208
box
skew, 221

Cauchy-Schwartz inequality, 41
center of gravity, 35, 163
centroid, 163, 257
of a tetrahedron, 241
characteristic equation, 142
circle, 174, 289
circumcenter, 164
circumcircle, 164
CLAPACK, 260
CMM, 19
composite curves, 311
Computer Aided Geometric De-
sign, 21, 302
computer graphics, 205, 216,
224
icons, 15
lighting model, 196
window, 14
condition number, 153
cone, 174
conic, 173
affine map, 179
degerate, 178
general equation, 178
general position, 174
implicit equation, 174
matrix notation, 175
position, 179
type, 177
conic section, 173
convert
Bézier curve to monomial
curve, 308
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degrees to radians, 41
implicit to parametric line,
54
monomial curve to Bézier
curve, 308
parametric to implicit line,
54
plane to point normal form,
194
convex combination, 30, 48, 306
convex hull, 165, 306
convex hull property, 306
coordinate independent, 26
coordinate measuring machine,
19
coordinate system, 11
[el, eg], 11
[el, €s, 83], 17
coordinates
barycentric, 30, 160
global, 10
homogeneous, 252
local, 10
normalized, 14
of a map, 74
screen, 14, 16
coplanar, 198
Cramer’s Rule, 106
cross product, 161, 186
properties, 189
cross section, 24
curvature
of planar curve, 311
signed, 313
curve, 301
Bézier, 302
composite, 311
derivative, 309
parametric, 302
second derivative, 310
tangent, 309
cyclic numbering, 286

Diirer, A., 255
data fitting, 273
de Casteljau algorithm, 303
Delaunay triangulation, 166
derivative, 309
second, 310
determinant, 89, 106, 113, 142,
161, 198, 231, 269, 313
of 2x2 matrix, 91
of a 3 x 3 matrix, 198, 232
of matrix product, 98
rules, 198
volume, 198, 232
diagonal dominance, 272
digitizing, 20
distance
between lines, 203
between two points, 33
point and plane, 193, 202
point to a line, 56
distortion, 13
distributive law, 43, 76
dot product, 36, 97, 186, 233
dyadic matrix, 249

eigenvalue, 141, 178, 180
eigenvector, 141
eigenvectors, 180
ellipse, 174
equation

trivial, 117
Escher, M.C, 131
Escher, M.C., 284
Euclidean space, 24, 184
explicit equation of a line, 53
exponent of a matrix, 99
extents, 14, 286
exterior angle, 286
extrapolation, 48

Fallingwater, 45
FEM, 160, 270
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finite precision machine, 120
fitting lines, 273

fixed direction, 141

flight simulator, 215

foot, 61

Frenet frame, 315

full rank, 78, 276

Gauss elimination, 107, 210, 222,
232, 262
algorithm, 265
multiplier, 265
pivoting, 119
Gauss matrix, 267
Gauss-Jacobi iteration, 272
Geometric Modeling, 21, 302
graphics standards, 285
GKS, 285
Grassmann, H., 75

homogeneity, 43

homogeneous coordinates, 252

homogeneous linear system, 117
unsolvable, 117

hurricane, 24, 27

hyperbola, 174, 177

identity matrix, 125
image
of linear map, 74
implicit equation of a conic, 174
implicit equation of a line, 49
incenter, 163
incircle, 164
inequality
Cauchy-Schwartz, 41
triangle, 42
inflection point, 313, 315
inner product, 37
interior angle, 286
intersecting planes, 240
intersection

cone and plane, 174
line and plane, 205
of two lines, 62
three planes, 209
triangle and line, 207
two planes, 211
inverse
2x 2,110
inverse matrix, 274

Lagrange’s identity, 189
LaTeX, 10
Law of Cosines, 38
least squares, 273
lighting model, 196
line
2D, 45
3D, 191
closest point, 61
convert implicit to para-
metric, 54
convert parametric to im-
plicit, 54
distance point to, 56
explicit equation, 53
extrapolation, 48
implicit equation, 49, 191
normal, 50
parameter, 47
parametric equation, 47, 191
parametrization, 49, 56
point normal form, 50, 58
segment, 30
skew, 191, 203
slope, 53
linear combination, 35, 72, 108,
124
linear dependence, 35
linear interpolation, 48
linear map, 124, 216
3D, 218, 239
volume, 231
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linear space, 26, 184
linear system, 259
augmented matrix, 266
back substitution, 108, 262
CLAPACK, 260
coefficient matrix, 261
consistent, 262
Cramer’s Rule, 106
define map, 120
elementary row operation,
263
Gauss elimination, 107, 262,
278
Gauss-Jacobi iteration, 272
general, 259
homogeneous, 117
infinitely many solutions,
262
iterative methods, 270
least squares solution, 273
LINPACK, 260
matrix form, 260
no solution, 262
nontrivial solution, 117
overdetermined, 192, 272
pivoting, 119, 120, 265
three by three, 262
trivial solution, 117
true solution, 120
two by two, 105
underdetermined, 117
unique solution, 262
unsolvable, 116
linearly dependent, 116, 117
linearly independent, 35
LINPACK, 260
local coordinate system, 315
LU decomposition, 276, 278

map
affine, 124, 162, 216
linear, 124, 216, 239

matrix, 74, 105
associative law, 99
augmented matrix, 266
commutative law, 95, 99
diagonal, 74
diagonal dominance, 272
distributive law, 99
dyadic, 249
exponent, 99
factorization, 278
Gauss, 267
identity, 111
inverse, 110, 111, 114, 236,
274
LU decomposition, 276, 278
orthogonal, 113, 149, 180
properties, 217, 235
rank, 78, 276
rotation, 112
scaling, 110
singular, 276
symmetric, 78
transpose, 98
transpose , 235
unit, 111
upper triangular, 107, 262,
266
zero, 277
matrix form
of Bézier curve, 307
matrix multiplication
2D, 97
3D, 233
composite maps, 93
properties, 99
median, 163
midpoint, 26
minmax box, 286, 296, 306
monomials, 307

netlib, 260
normalized coordinates, 14
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numerical stability, 107, 119,
295
round-off, 120

orthogonal matrix, 149
orthogonal vectors, 148
orthographic projection, 224
orthonormal, 113

osculating plane, 315

parabola, 174, 177
parallel planes, 240
parallel projection, 224
parallelepiped, 197, 221
parallelogram rule, 27
parameter, 47
parametric curve, 302
parametric equation of a line,
47
parametrization, 49, 56, 302
perspective projection, 253
pivoting, 119
pixel, 14, 53
plane, 174, 192
Euclidean definition, 196
family, 195
implicit form, 192
normal, 192
parametric form, 195
point normal equation, 192
planes
intersecting, 240
parallel, 240
point, 24, 184
combination, 28
point cloud, 20
polygon, 285
area, 293
clipping, 287
concave, 287
convex, 287
equiangular, 288

equilateral, 288
even-odd rule, 297
exterior angle, 286
inside/outside test, 296
interior angle, 286
n-gon, 289
nonsimple, 290
planarity, 295
rectangle, 289
regular, 288
rhombus, 289
simple, 290
visibility test, 296
winding number, 298
polygonal mesh, 286
polyline, 284
winding number, 298
PostScript, 10
projection
2D, 87, 117
3D, 223, 245
area, 89
oblique, 246
orthogonal, 224
orthographic, 246
parallel, 87, 224, 246
perspective, 224, 253
volume, 225
Pythagorean Theorem, 32, 36,
185

radians, 40, 41, 288
rank, 148
rank of a matrix, 78, 276
ratio, 30, 125, 240
ray, 297
ray tracing, 205
reflection, 91

2D, 80

3D, 220

area, 82

line and plane, 208
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volume, 221
residual vector, 282
right-hand rule, 186
rigid body motion, 126, 231,
242
rigid body motions, 84, 113
robot motion, 316
rotation, 112
2D, 82, 180
3D, 226
area, 84
volume, 231
round-off, 120

scalar, 24, 185
scalar product, 37
scalar triple product, 197
scaling, 110

2D, 78, 180

3D, 218

area, 79

volume, 220
screen coordinates, 14
shear, 91, 108, 262, 269

2D, 84

3D, 221, 232

area, 86

volume, 223
singular matrix, 276
singular value, 153
skew box, 221
skew lines, 203
space

Euclidean, 24, 184

linear, 26, 184

real, 26, 184

vector, 26, 184
sphere, 186
subdivision

of Bézier curve, 304
subspace, 186, 262
surface, 285

trimmed, 290

Tacoma Narrows bridge, 140
tangent, 309
target box, 11, 72
skew, 72
tetrahedron, 241, 262
tolerance
angle, 64
distance, 51
meaningful, 51, 295
zero divide, 32
translation, 125
3D, 241
transpose matrix
2D, 77
triangle, 42, 286
3D, 207
area, 161, 164
centroid, 163
circumcenter, 164
circumcircle, 164
circumference, 164
incenter, 163
inclusion test, 162, 169
median, 163
special points, 163
vertex, 160
triangle inequality, 42
triangulation, 165
3D, 169
boundary, 167
data structure, 166
Delaunay, 166
neighbor information, 167,
168
point location algorithm,
168
sample file, 172
trivial reject, 296
trivial solution, 117
turning angle, 286
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unit cube, 220

unit matrix, 111
unit square, 11
unit vector, 32, 185

vector, 25, 184
cross product, 186
dot product, 36, 186
inner product, 37
Lagrange’s identity, 189
left-handed, 92
length, 25, 31, 185
magnitude, 31
normalized, 32, 185
parallelogram rule, 27
perpendicular, 37
product, 187
right-handed, 92
scalar product, 37
scaling, 27
unit, 32, 185
zero, 184

vector field, 27

velocity vector, 310

vertex
of a triangle, 160

volume, 197, 269
signed, 198

winding number, 292
Wright, Frank Loyd, 46

zero divide tolerance, 32



