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norm, 269

compatibility, 279, 280, 285

elliptical, 288

equivalent, 276, 425

of a function, 288

on a grid, 274

of an inverse, 285

for matrices, 280
1-, 2-, and oo-norms, 281, 283
Frobenius, 279, 337
induced, 280, 285, 337

of a projection, 323

for vectors, 275
1-, 2-, and oo-norms, 274
p-norms, 274

of a waveform, 382

normal equations, 213, 214, 221, 226, 313, 437

normal modes of vibration, 562, 571
normalized vector, 270
normal matrix, 304, 400, 409, 547
nullity, 200, 220
nullspace, 173, 174, 178, 199
equality, 177
of an orthogonal projector, 434
of a partitioned matrix, 208
of a product, 180, 220
spanning set for, 175
and transpose, 177
number of pivots, 218
numerical stability, 347

(0]

oblique projection, 385
method for linear systems, 443
oblique projectors from SVD, 634
Ohm’s law, 73
Oh notation O(hP), 18
one-to-one mapping, 250
onto mapping, 250
operation counts
for convolution, 377
for Gaussian elimination, 10
for Gauss—Jordan method, 16
for LU factorization, 146
for matrix inversion, 119
operator, linear, 238
operator norm, 280
Ortega, James, xii
orthogonal complement, 322, 403
dimension of, 339
involving range and nullspace, 405
orthogonal decomposition theorem, 405, 407
orthogonal diagonalization, 549
orthogonal distance, 435
orthogonal matrix, 320
determinant of, 473
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orthogonal projection, 239, 243, 248, 299, 305, 385, 429

and 3-D graphics, 330
onto an affine space, 436
and least squares, 437
orthogonal projectors, 322, 410, 427, 429
elementary, 431
formulas for, 430
onto an intersection, 441
and pseudoinverses, 434
sums of, 441
orthogonal reduction, 341
to determine full-rank factorization, 633
to determine fundamental subspaces, 407
orthogonal triangularization, 342
orthogonal vectors, 294
orthonormal basis, 298
extending to, 325, 335, 38
for fundamental subspaces, 407
by means of orthogonal reduction, 355
orthonormal set, 298
Ostrowski, Alexander, 626
outer product, 103
overrelaxation, 624

P

Painter, Richard J., xii
parallelepiped, 431, 468
parallelogram identity, 290, 291
parallelogram law, 162
parallel sum, 441
parity of a permutation, 460
Parseval des Chénes, M., 305
Parseval’s identity, 305
partial pivoting, 24

and diagonal dominance, 193

and LU factorization, 148

and numerical stability, 349
particular solution, 58, 65-68, 70, 180, 213
partitioned matrix, 111

and linear operators, 392

rank and nullity of, 208
Peano, Giuseppe, 160
Penrose equations, 422
Penrose, Roger, 221
perfect shuffle, 372, 381
period of trigonometric functions, 362
periodic extension, 302
periodic function, 301
periodic Markov chain, 694
permutation, 460

symmetric, 671
permutation counter, 151
permutation matrix, 135, 140, 151
perpendicular, 294
perp, properties of, 404, 409
Perron—Frobenius theory, 661, 673
Perron, Oskar, 661
Perron root, 666, 668



