
Index

A, 259
Ai(z), 336, 373

Bi(z), 373
C(a, b, c, . . .), 241
C[x1, . . . , xn]sym, 241

D, 259
D4, 261
Dsep

k , 246

Eλ(x), 242
En(·, ·), 135
End(V ), 321

2F1, 231
GF (q), 303
IN (·, ·), 149

IQ(µ), 141
I(µ), 138
Jn, 126

Ĵn, 126
K, 257
Kn(A, c), 124

Kn,2, 128
Λ(·), 126
Ln(q), 303

Lp(En), 121
Matd+1(K), 259
Mt(Σ), 138

Mσ
t , 145

ΩN , 172
P, 127

Pn, 127
P

(α,β)
n (x), 232

{·, ·}, 248

Tn,p, 120

Tn(x), 232
Uµ, 138
Un(x), 232
Uq(sl2), 302
Vn, 126
Wt,Q,Σ , 141
Wt,Q,σ, 146
(a)n, 230
cap, 139
er(x), 241
gE(·), 139
gE(·, ·), 144
	, 241
mλ, 249
mλ(x), 241
µt,Q,Σ , 141
µt,Q,σ, 146
≺ ·, · �, 127
νN (·), 149
νN (EN ) →∗ σ, 149
ωE , 139
pn, 127
sl2, 301
tr, 213, 266
wt,Q,Σ , 141
wt,Q,σ, 146
xj,n, 132

admissible constraint, 107
admissible weight, 100
affine q-Krawtchouk polynomials, 293,

311
affine Weyl group, 341, 346



414 Index

Airy equation, 358, 374
Airy function, 336, 341, 347, 357, 373,

388, 397
algebra, 259
alternant, 136
Althammer polynomials, 32, 33, 35
ambient algebra, 259, 260
antiautomorphism, 265
Arnoldi basis, 126
Askey scheme, 292, 300
Askey-Wilson algebra, 300
Askey-Wilson duality, 279, 280
Askey-Wilson relations, 300
associated linear functional, 132
association scheme, 304
asymptotic expansion, 384, 387
attracting basin of infinity, 112

Bäcklund transformation, 335, 340
balayage, 144
Bannai-Ito polynomials, 293, 314
basic hypergeometric series, 295
Bernoulli polynomials, 69
Bernstein-Walsh inequality, 108, 138

weighted, 142
Bessel function, 60, 72, 341, 372, 375
beta integral, 237
bilinear form, 277

degenerate, 278
symmetric, 278

binomial theorem, 230
bispectral problem, 301
Blaschke divergence condition, 208
Blaschke factor, 214
Blaschke product, 193, 194

density, 206
Borel measure, 80
Bose-Einstein condensation, 334
Boussinesq equation, 393

capacity, 90, 139
Carathéodory function, 192, 214
Cauchy matrix, 247
Cauchy principal value, 17, 45
Cauchy transform, 16, 87
CG, 120, 125
Charlier polynomials, 5, 145
Chebyshev, 230

Chebyshev polynomials, 10, 26, 109,
136, 165, 232

discrete, 5, 121, 145, 151
weighted, 111

Choleski factorization, 19, 182
Christoffel theorem, 19

generalized, 20, 22, 24
Christoffel-Darboux, 132, 196, 215, 230
Chu-Vandermonde formula, 231
circulant-circulant matrix, 173
circulants, 171
classical orthogonal polynomials, 235
classical weight functions, 5
coalescence cascade, 335, 380
combinatorics, 303
compatibility condition, 337
condition number, 120

marginal, 158
confluent hypergeometric function, 365,

372
conjugate gradient method, 120
conjugate polynomial, 113
connection formulae, 388
constrained energy problem, 121, 145
constrained equilibrium problem, 107
constrained extremal measure, 107
continued fraction algorithm, 17
convergence acceleration, 68
Coulomb potential, 107
Coxeter group, 322
CR, 125, 126

Darboux’s formulae, 6, 11, 32
Dawson’s integral, 70
decomposition, 283
determinant formula, 201
diameter, 259, 260, 305
difference equation, 281
diffusion equation, 176
diffusion problem, 180
dimension reduction, 252
Dirac delta, 81
Dirichlet principle, 140
Dirichlet problem, 103
discrete Stieltjes procedure, 11
distance-regular graphs, 301
Dolan-Grady relations, 306
dominance partial ordering, 241
dual Hahn polynomials, 293, 313
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dual MPS, 296
dual q-Hahn polynomials, 293, 310
dual q-Krawtchouk polynomials, 293,

311

eigenvalue distribution, 123, 166, 176
eigenvalue sequence, 262
Einstein function, 69
elliptic coordinates, 239
elliptic functions, 164, 333, 371
elliptic integral, 164
elliptic orthogonal polynomials, 10
elliptic PDE, 156, 176, 180
energy, 138

mutual, 138
weighted, 141

energy problem, 138
constrained, 121

equilibrium measure, 92
equilibrium potential, 92
Erdős-Turán condition, 208
error function, 72

complementary, 62, 378
essential norm, 110
Euler-Lagrange equations, 94
Euler-Maclaurin formula, 71
exponential integral, 28
external field, 100, 106, 138
extremal polynomials, 120, 149, 235

F -functional, 101, 143
factorized separation chain, 252
Faraday principle, 140
Fatou dust, 113
Favard theorem, 131, 201, 207, 225
Fejér quadrature, 13
Fekete points, 154
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Fermi-Dirac integral, 44
field of values, 137
FOM, 125
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Fourier coefficients, 58, 76
Fouries series of Wiener class, 172
Frobenius norm, 214
Frostman’s theorem, 93
functions of the second kind, 222

Garnier systems, 338

Gauss-Jacobi quadrature, 53
Gauss-Kronrod formula, 41
Gauss-Kronrod quadrature, 53
Gauss-Lobatto formula, 39

generalized, 55
Gauss-Lobatto matrix, 39
Gauss-Radau formula, 38

generalized, 55
Gauss-Turán formula, 42
Gaussian quadrature, 36, 132
Gaussian unitary ensemble, 397
Gegenbauer, 235
Gegenbauer polynomials, 236
Gel’fand-Levitan-Marchenko equation,

336, 389
general relativity, 334
generalized laplacian, 86
GMRES, 125
GMRES(1), 129
Gram-Schmidt orthogonalization, 25
Green formula, 201
Green function, 96, 138, 139, 144
Groenevelt, 37
GUE, 397

Hahn polynomials, 5, 293, 312, 313
Halmos extension, 217
Hardy spaces, 192

matrix valued, 214
Hardy-Littlewood function, 70
Heaviside function, 63
Helly’s selection theorem, 81, 139
Hermite interpolation, 42, 63
Hermite polynomials, 5, 66, 143, 361,

372, 377
generalized, 362

Hermite-Padé approximants, 107
Hessenberg matrix, 31, 126, 127
hierarchy, 347, 360
Hilbert module, 213, 225
Hirota bilinear form, 335, 380
Hirota operator, 349, 380
hyperbolic functions, 75
hypergeometric function, 372, 379

generalized, 356
hypergeometric series, 230, 293

iceberg, 116
incomplete polynomials, 111
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inner function, 193
inner product, 4
integral equations

linear, 335
integrals of motion, 247
interlacing property, 132, 354
interpolation, 203
inverse scattering, 392
inverse separating maps, 243
inverting pair, 323
Ising model, 306, 334
isomonodromy method, 334
isomonodromy problem, 337, 389
isomorphism

of Leonard pairs, 260
of Leonard systems, 261

Jack polynomials, 240
Jacobi continued fraction, 15
Jacobi matrix, 6, 133, 165, 226

eigenvalues, 36
Jacobi polynomials, 5, 7, 232, 372
Jacobi-Kronrod matrix, 41
Jacobi-Radau matrix, 38
Jacobian elliptic function, 387
Julia set, 113

Kac-Van Moerbeke equation, 399
KdV, 350
KdV hierarchy, 382
Korteweg-de Vries equation, 350, 392

modified, 335
Korteweg-de Vries hierarchy, 382
Krawtchouk polynomials, 5, 121, 145,

293, 294, 302
Kronrod nodes, 41
Krylov space, 57, 124, 190
Krylov subspace method, 124

Laguerre polynomials, 5, 372
Lanczos algorithm, 12, 51
Lanczos method, 125, 165, 190
Lanczos-type algorithm, 11
Laplace transform, 69
Laurie’s algorithm, 41
Lax pair, 252, 338
least squares approximation, 189

constrained, 59
in Sobolev spaces, 61

polynomial, 57
lemniscate, 100
length of a partition, 241
Leonard pair, 257, 259

cyclic, 325
Leonard system, 260

generalized, 324
Leonard triple, 321
level 2 circulants, 173
Lie algebra, 301
linear functional, 131
linear prediction, 189, 211
Liouville integrable system, 247
Liouville-Ostrogradskii formula, 200
logarithmic energy, 88
logarithmic potential, 84, 122, 138
logistic density, 14
longest increasing subsequence, 397
lossless, 218
lower semi-continuous function, 82
lowering map, 324

Markov’s theorem, 16
matrix valued inner product, 213
Maxwell distribution, 65, 66
Meijer, 34
Meixner polynomials, 5, 121, 145, 151
Meixner-Pollaczek polynomials, 5
minimal solution, 16
MinRES, 125, 126
Miura transformation, 382
mKdV, 335, 336, 338
mKdV hierarchy, 382
modification algorithm, 18
modification of a measure, 18
modified Bessel function, 70
modified Chebyshev algorithm, 8
modified moments, 8
module, 213, 301, 302

left, 213, 259
moment problem, 16
moments, 4, 64
monic polynomial sequence, 296
Montgomery-Odlyzko law, 398
MORF, 214
MPS, 296
multiplicity free, 259
mutual energy, 139

discrete, 149
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Nevanlinna class, 218
Nevanlinna-Pick interpolation, 226

matricial, 226
nonlinear Schrödinger equation, 394
nonlinear waves, 334

Okamoto polynomials
generalized, 362

Onsager algebra, 306
OPQ package, 4
ORF, 188
ORF of the second kind, 199
orphan polynomials, 293, 314
orthogonal polynomials, 5, 281, 398

discrete, 120, 145
formal, 127

orthogonal projection, 189
orthogonal rational functions, 188

matrix valued, 214
on the real line, 226

orthonormal polynomials, 5, 127
outer boundary, 95
outer domain, 95
outer function, 193
outlier, 122, 135

Padé approximant, 126
Padé approximation, 132
Painlevé equations, 333, 334

discrete, 343, 344, 399
Hamiltonian structure, 338
rational solutions, 347
transcendental solutions, 347

Painlevé property, 333
Painlevé transcendents, 333
para-orthogonality, 202
parabolic cylinder functions, 361, 372,

376
parahermitian conjugate, 192
parameter array, 288
partition of a weight, 241
Perron function, 103
Pick matrix, 194

generalized, 194
Pincherle’s theorem, 17
plasma physics, 334
Pochhammer symbol, 230
Poisson brackets, 248
Poisson equation, 159, 163

Poisson integral, 104
Poisson kernel, 192, 224
Poisson problem, 178
polar set, 90
polynomial convex hull, 95
poset, 303
potential theory, 121
Potts model, 306
power orthogonality, 42
preconditioning, 182
prediction, 189, 226
prediction error, 189, 212
primitive idempotent, 259
principle of descent, 139
principle of domination, 141
pseudo spectrum, 137

q-geometric type, 306, 308, 324
q-Hahn polynomials, 293, 309
q-Krawtchouk polynomials, 293, 311
Q-operator, 239
q-Racah polynomials, 293–295, 309
q-Serre relations, 306
quadrature, 36, 191, 202

interpolating, 202
rational functions, 43

quantum algebra, 302
quantum field theory, 334
quantum gravity, 334, 377, 399
quantum groups, 301
quantum integrable map, 240
quantum q-Krawtchouk polynomials,

293, 303, 310
quasi everywhere, 90

Racah polynomials, 293, 312
Raman scattering, 334
random matrix theory, 121, 334, 340,

397
rational Krylov method, 190
rational Szegő quadrature, 203
regular compact, 104
regular measure, 91
regular point, 104
regular set, 140
relatives, 261
reproducing kernel, 195

left, 215
right, 215
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reproducing kernel Hilbert space, 211
residual, 124
Riccati equation, 357, 371
Riemann zeta function

zeros, 397
Riemann-Hilbert problem, 389
Riesz decomposition theorem, 85
Riesz-Herglotz kernel, 192
Riesz-Herglotz transform, 192, 201, 204

parameterized, 206
Ritz values, 122, 126, 128, 132, 165
Robin constant, 90

modified, 101
Robin measure, 139

s-orthogonal polynomial, 42
Schur analysis, 226
Schur functions, 351
separating maps, 243
separation condition, 152
separation of variables, 246
separation property, 132
shallow water, 334
shape vector, 305, 326
shift operator, 236
sine-Gordon equation, 393
Sobolev inner product, 30, 62, 129
Sobolev orthogonal polynomials, 30
Sokhotsky-Plemelj formula, 82, 87
soliton equations, 334, 335, 392
spin models, 321
spline approximation, 63, 65
split basis, 287
split decomposition, 283
split sequence, 287
standard basis, 271
standard ordering, 305
statistical physics, 340
Stieltjes function, 132
Stieltjes polynomial, 41
Stokes lines, 387
subalgebra, 259
superharmonic function, 83
superlinear convergence, 120
support of a measure, 80, 138
symmetric functions

elementary, 241
monomial, 241, 249

symmetric polynomial, 239
symmetrized recursion parameters, 217,

220, 221

Szegő class, 10, 27
Szegő condition, 175, 193, 206, 208, 214
Szegő kernel, 128, 212

left, 225
Szegő recurrence, 199
Szegő theory, 189
Szegő’s problem, 211, 225

Theodorus constant, 69
three-term recurrence relation, 5, 131,

233, 280, 398
Toda equation, 350, 374
Toda lattice, 121
Toeplitz matrix, 159, 174, 194
Toeplitz-Toeplitz matrix, 174
trace, 213, 266
trace-measure, 213
Tracy-Widom distribution, 397
tridiagonal algebra, 307
tridiagonal matrix, 257
tridiagonal pair, 304
tridiagonal relations, 306
trigonometric moment problem, 189
trigonometric moments, 189, 192
tritronquée solution, 384
tronquée solution, 384
truncated logarithmic kernel, 88

unit circle, 188
unit measure, 89

Vandermonde matrix, 297, 325
varying measures, 207
vector equilibrium, 107

weak star convergence, 81
weak star topology, 139
Weber-Hermite equation, 377
Weber-Hermite functions, 372
Weierstrass elliptic function, 136, 384
weighted energy, 100
weighted polynomials, 110
Weyl chambers, 361
Whittaker functions, 361, 372, 378
Witt index, 321

XY model, 333

Yablonskii-Vorob’ev polynomials, 348
zeroes, 351

zeta function, 73
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