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χ
2-minimization, 216

Bernoulli

definition, 357

density, 16

distribution, 15

sampling, 22

beta

conjugacy, 133

definition, 350

BetaNegBinomial

definition, 360

modeling time scales, 292

beta prime

definition, 353

BetaBernP

conjugacy, 230

definition, 231

estimating molecule counts, 238

hyperparameters, 233

load, 232

pixelization, 240

prior, 231

regression, 230

single molecule localization, 241

step finding, 239

beta distribution

prior, 133

Binomial

definition, 357

categorical

conjugacy, 252

density, 16

distribution, 14

Cauchy

definition, 355

prior, 179

Dirichlet

aggregate property, 255

base distribution, 255

concentration hyperparameter, 255

hierarchical, 298

marginal, 254

Markov jump process prior, 340

prior, 136, 252

process prior, 258

reparametrization, 255

sampling, 253

exponential

definition, 9, 351

density, 9

memoryless, 365

sampling, 20

GaussianP

blocked Gibbs-like sampler, 228

Brownian bridge, 222

Brownian prior, 222

conjugacy, 224

definition, 17

elliptical slice sampler, 230

Gibbs-like sampler, 228

inducing point, 225, 226

Langevin dynamics, 237

learning point spread function, 243

Metropolis–Hastings, 227

predictive distribution, 225

process prior, 219

regression, 219

stream bed profile, 236

structured kernel, 226

gamma

conjugacy, 145, 166, 176

definition, 352

prior, 145

geometric

definition, 358

Laplace

definition, 356

NegBinomial

definition, 359

NormalM
covariance, 220

definition, 10

locally periodic kernel covariance, 221

posterior, 218

prior, 218

squared exponential kernel covariance,

220

stationary kernel covariance, 220

normal

Box–Muller sampler, 25

center, 7

conjugacy, 144, 166, 176

covariance matrix, 218

definition, 7, 353

distribution, 7

likelihood, 144

mean, 7

precision, 145
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spread, 7

standard deviation, 7

truncated, 172

variance, 7

Poisson

conjugacy, 142

definition, 358

likelihood, 142

StudentT

definition, 354

uniform

definition, 349

sampling, 18

algorithm

ancestral sampling, 27

ancestral sampling for Gaussian

state-space models, 321

ancestral sampling for mixture

distributions, 248

backward recursion (stable version), 279

backward recursion (unstable version),

272

backward recursion for Rauch–Tung–

Striebel smoothers, 326

Baum–Welch, 273

BIC change point, 156

Box–Muller, 25

conjugate gradient, 116

elliptical slice sampler, 230

expectation-maximization for likelihood,

121

expectation-maximization for posterior,

147

finite state projection, 107

forward filtering backward sampling, 285

forward filtering backward sampling for

the linear Gaussian state-space model,

328

forward recursion (stable version), 279

forward recursion (unstable version), 269

forward recursion for Kalman filters, 324

fundamental theorem of simulation for

continuous variables, 19

fundamental theorem of simulation for

discrete variables, 21

Gibbs sampler, 184

Gibbs sampler for continuous state-space

models, 328

Gibbs sampling for Bayesian hidden

Markov model, 283

Gillespie simulation, 66

gradient descent, 115

greedy, 156

Hamiltonian Monte Carlo, 207

Hungarian, 250, 291

Markov jump process parameter sampling

with trajectory marginalization, 341

Metropolis–Hastings sampler, 171

Metropolis–Hastings sampling for

Bayesian hidden Markov model, 286

Metropolis–Hastings within Gibbs for the

Markov jump process, 340

Nelder–Mead, 112

Newton–Raphson, 114

sampling Dirichlet random variables,

253

sampling Brownian motion, 93

sampling mixture model constitutive

states, 251

trajectory sampling for Markov jump

processes, 337

uniformization, 336

Viterbi recursion for hidden Markov

model, 273

array

definition, 348

lexicographical ordering, 55, 348

balance

detailed, 168

full, 168

Bayesian nonparametric paradigm

BetaBernP, 231

definition, 132

Dirichlet process, 258

GaussianP, 17, 219

hierarchical Dirichlet, 298

model selection, 157

prior effect, 138

regression, 215

Bayesian paradigm, 109

Bayes’ factor, 135

Bayes’ rule, 27, 375

conjugacy in exponential family, 143

conjugate prior-likelihood pair, 141

continuous state-space model, 328

credible interval, 138

evidence, 133

hidden Markov model, 282

hierarchical formulation, 148

hyperparameter, 132

information criterion, 152

linear Gaussian state-space model, 329

maximum a posteriori estimate, 133

method, 131

mixture model, 250

model selection, 152

nonparametrics, 132, 138, 157

outliers, 160

posterior, 132, 139

prior, 132

biology

central dogma, 102

feedback, 102

genetic toggle switch, 103

stochastic binary decision, 102

stochastic bistability, 103
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biology (cont.)

stochastic simulation, 102

transcription factor binding, 104

boundary condition

Dirichlet, 106

open, 97

Brownian motion, 92

Cartesian product, 55, 59, 71

central limit theorem, 145

chemistry

bimolecular reaction, 63

chemical master equation, 71

chemical species, 63

chemical system, 62

chemical system modeling, 62

chemical system simulation, 65

excited state lifetime, 129

Förster resonance energy, 315, 316

fluorescence spectroscopy, 299

fluorophore, 45, 299

ground state, 299

Jablonski diagram, 299

kinetic scheme, 76

mass action law, 72

photo-bleaching, 45, 294

photo-blinking, 295

photo-state, 295

photo-switching, 45

propensity, 57, 61, 64

reactions, 52

singlet state, 299

stoichiometric array, 62

time-resolved spectroscopy, 299

triplet state, 299

well-stirred, 65

continuous

generator matrix, 68

space homogeneous dynamics, 81

space increment, 86

space inhomogenous dynamics, 81

space transition kernel, 81

state-space, 80, 93, 318

time, 93

time propagator, 69

transition rate matrix, 53

covariance

kernel, 220

locally periodic kernel, 221

matrix, 220

squared exponential kernel, 220

stationary kernel, 220

data

analysis, 7

classification, 245

clustering, 245

definition, 29

density

definition, 8

invariant, 168

joint, 24

marginal, 24

reversible, 168

stationary, 168

target, 164

diffusion

anisotropic, 97

Brownian motion, 5, 17, 92

coefficient, 91

drift, 97

equation, 96

hop, 104, 105

isotropic, 96

open boundary condition, 97

Ornstein–Uhlenbeck process, 104

rotational, 106

stationary, 96

temperature dependence, 92

Dirac delta, 14, 361, 363

discrete

regular times, 74

state-space, 44, 74, 264

time, 74, 80, 300

distribution

banana, 211

base, 255

conditional, 25

confidence interval, 138

emission, 117, 248

emission level, 248

exponential family, 141

full conditional, 183

joint, 23

K-parameter exponential family, 143

marginal, 23

mixture, 246

mother, 248

observation, 117, 118

predictive, 135, 136

target, 164, 169

transition, 86

Weibull, 36

dynamical system

birth process, 48

birth-death process, 51, 72, 126

death process, 49

hidden Markov model, 265

modeling, 27

switching process, 53

trajectory, 42

trajectory marginalization, 66

equation

continuity, 97

Fokker–Planck, 96

generalized Langevin, 89

Langevin, 87

Langevin SDE, 95

master, 67, 68

www.cambridge.org/9781009098502
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-09850-2 — Data Modeling for the Sciences
Steve Pressé , Ioannis Sgouralis 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

411 Index

overdamped Langevin, 91

Smoluchowski, 99

stochastic differential, 94

underdamped Langevin, 89

filtering

backward variables, 271

continuous time, 342

correction, 323

definition, 269

filter, 322

forecaster, 326

forward filtering backward sampling,

285

forward filtering backward sampling for

the hidden Markov model, 284

forward filtering backward sampling for

the linear Gaussian state-space model,

327

forward recursion for Kalman filters,

324

forward variables, 269

Gaussian state-space model, 322

hidden Markov model, 269

Kalman, 323

prediction, 323

Rauch–Tung–Striebel smoother, 325

frequentist paradigm

confidence interval, 138

definition, 109

hidden Markov model, 268

mixture model, 248

function

continuous, 201

cumulative distribution, 20

definition, 377

differentiable, 201

dissimilarity, 291

domain, 377

error, 9

gamma, 136, 254

generalized, 363

image set, 377

indicator, 361

inverse cumulative distribution, 20

involution, 201

objective, 217

probability density, 20

range, 377

Gibbs

conditionally conjugate, 188

continuous state-space models, 328

full conditional, 183

hidden Markov model, 283

Metropolis–Hastings within Gibbs, 197,

198

sampler, 182

update, 184

graphical representation

definition, 148

node, 148, 149

Hadamard product, 270

hidden Markov model

Baum–Welch algorithm, 273

Bayesian, 282

decoding, 268

estimation, 268

evaluation, 268

factorial, 296

forward filtering backward sampling,

285

frequentist, 268

Gibbs, 283

infinite, 296

joint decoding, 272

left-to-right, 295

likelihood, 268

marginal decoding, 271

Metropolis–Hastings, 286

parameter, 267

stable backward recursion, 279

stable forward recursion, 279

state sequence decoding, 270

sticky, 293

variant, 291

Viterbi recursion, 273

information theory

entropic prior, 141

entropy, 157

information formula, 157

maximum entropy principle, 158, 159

maximum entropy signal deconvolution,

159

mutual information, 159

rate-distortion theory, 159

Shore–Johnson axioms, 158

Kronecker

delta, 122, 361

product, 55, 59

sum, 59, 71

Laplace’s method, 153

likelihood

completed, 119

Cramer–Rao lower bound, 126

definition, 29

dependencies, 109

estimator, 30, 109

hidden Markov model, 268

logarithm, 110

marginal, 119

maximum, 110

ratio, 135

state-space labeling invariance, 280

true, 119

usage, 109

www.cambridge.org/9781009098502
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-09850-2 — Data Modeling for the Sciences
Steve Pressé , Ioannis Sgouralis 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

412 Index

list

definition, 348

Markov

assumption, 28, 47

blanket, 151

chain, 76

jump process definition, 50

jump process notation, 53

process, 47

renewal process, 49

transition probability matrix, 48

Markov chain

convergence, 192

feasibility, 169

invariance, 169

irreducibility, 169

mixing, 191

processing and interpretation, 189

requirements, 169

reversibility, 169, 174

trace, 191

Markov jump

collapsed, 60, 71

composite, 54

composite holding period, 58

definition, 50

discretization, 77

elementary reaction, 57

hidden, 333

incongruent composite, 58

memoryless, 50

Metropolis–Hastings within Gibbs, 340

reparametrization, 51

trajectory, 46

trajectory marginalization, 341

uniformization, 335, 336

virtual jump, 335, 338

matrix operation

Cholesky decomposition, 223

Cholesky factor, 223

Cholesky–Banachiewicz algorithm, 223

inverse of sum, 33

matrix exponential, 69

push through identity, 33

singular value decomposition, 223

Woodbury identity, 33

mean square displacement, 91

memoryless

definition, 364

exponential distribution, 365

Markov jump, 50

random variable properties, 365

Metropolis–Hastings

definition, 171

GaussianP, 227

hidden Markov model, 286

proposal, 171

microscopy

aberrated point spread function, 241

Airy probability density, 38

astigmatism, 242

camera (EMCCD), 38, 129

defocus, 241

estimating molecule counts, 238

excited state lifetime, 129

Förster resonance energy transfer photon

crossover, 315

fluorescence, 198, 299

fluorescence background, 198

fluorescence lifetime, 300

fluorophore, 299

ground state, 299

imaging plane, 320

instrumental response function, 262

integrative detector, 343

photo-bleaching, 45, 294

photo-blinking, 295

photo-state, 295

photo-switching, 45

pixelization, 240

point spread function, 38, 241, 243

pupil function, 241

scalar diffraction theory, 241

single molecule localization, 241

single molecule tracking, 332

singlet state, 299

triplet state, 299

mixture model

ancestral sampling, 248

Bayesian, 250

categories, 247

definition, 245, 246

frequentist, 248

normal, 209

model

definition, 3

estimation, 8

forward, 41, 139

forward versus generative, 139

generative, 29, 139

generative with measurement uncertainty,

118

nested, 152

parameter, 6

model selection

Bayesian, 136, 137, 152

Bayesian information criterion (BIC),

152, 153

Monte Carlo

autocorrelation, 193

burn-in, 192

definition, 163

ergodicity, 168

expectation, 164

feasibility, 168

Hamiltonian, 202

integration, 163

www.cambridge.org/9781009098502
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-09850-2 — Data Modeling for the Sciences
Steve Pressé , Ioannis Sgouralis 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

413 Index

Markov chain, 166, 169, 174, 189, 191,

192

optimization, 163

proposal, 178

sampler, 163, 170

thinning, 193

warm-up, 192

noise

additive, 248

definition, 84

measurement, 5, 117

multiplicative, 248

time-decorrelated white, 89, 220

optimization

conjugate gradient, 116

expectation-maximization for likelihood,

120

expectation-maximization for posterior,

147

gradient, 113

gradient descent, 115

Hessian, 113

Nelder–Mead, 112

parameter

definition, 108

emission, 117

latent, 108, 117

model, 6

nuisance, 108

observation, 117

scale, 349

physics

Brownian motion, 5, 17, 92

fluctuation–dissipation theorem, 90, 104

force spectroscopy, 314

free energy, 111

friction coefficient, 88

Kramers–Moyall expansion, 98

leapfrog integrator, 203

maximum entropy, 158

moment closure relation, 101

Newton’s second law, 82, 83

nonradiative transition, 300

optical trap, 104

partition function, 111

phase-space, 82

photo-electric effect, 6

photo-electron counting, 367

point mass, 81

quantum efficiency, 199

scalar diffraction theory, 241

state dependent force, 83

state independent force, 81

temperature, 90

thermal, 99

thermodynamic entropy, 158

point

change, 154, 156

estimate, 109, 131

statistic, 144

prior

conditional conjugacy, 146

conjugate, 141

definition, 132, 139

hierarchical process, 298

hyper-, 143, 148

hyper-hyperparameter, 143

hyperparameter, 136, 143

improper, 140

informative, 141

Jeffreys, 141

pseudocount, 134, 143, 144

pseudoestimate, 144

strength, 143

uninformative, 140

probability

σ-algebra, 369, 379

Borel σ-algebra, 370

chain rule, 27

conditional distribution, 26, 375

Cox’s theorem, 372

cumulative function, 18

density, 8, 11, 374

distribution, 8, 380

distribution function, 20

event space, 368

expectation, 164

generating events, 371

image set, 377

independent event, 374

joint density, 24

marginal density, 24

measurable, 379

measurable space, 379

measure, 371

normalization, 11

pre-image set, 377

sample space, 366

space, 376

support, 349

transition, 76

transition matrix, 48

problem

data classification, 245

data clustering, 245

direct, 31

ill-posed, 31

inverse, 31, 139, 163

regression, 215

well-posed, 31

process

BetaBernP, 231, 258

definition, 40

Dirichlet, 258

GaussianP, 219, 258
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process (cont.)

hierarchical Dirichlet, 298

hierarchical prior, 298

Ornstein–Uhlenbeck, 108, 128

prior, 219

random, 40

renewal, 49

Wiener, 85, 94

prototype experiment, 7

random variable, 5

completion, 24

continuous, 5, 18

coordinate transformation, 13

de-marginalization, 24

definition, 5

discrete, 5, 14, 20

iid, 23

latent, 108, 117

marginalization, 24

rescaling, 12

sampling, 8

stochastic event, 5

stochastic realization, 6

support, 349

transformation, 12

versus deterministic, 5

random walk

additive, 180

circular, 77

definition, 76

kinetic scheme, 76

MCMC scaling, 181

Metropolis, 180, 196

Metropolis–Hastings, 195

multiplicative, 195

rate

memoryless, 365

parameters, 349

transition, 77

regression

BetaBernP, 230

continuous, 219

discrete, 231

GaussianP, 219

input point, 217

least squares estimator, 216

linear, 215

nonlinear, 216

nonparametric, 215

objective function, 217

parametric, 215

regularization parameter, 217

test point, 217

rule

assessment, 44, 265, 319

Bayes’, 27, 375

initialization, 44, 265, 319

transition, 44, 265, 319

sampler

ancestral continuous state-space model,

321

ancestral definition, 26

ancestral for mixture models, 248

auxiliary variable, 198

beam, 299

elliptical slice, 229, 230

forward filtering backward sampling for

hidden Markov model, 283

forward filtering backward sampling for

the linear Gaussian state-space model,

327

Gibbs, 182

Gibbs for continuous state-space models,

328

Gibbs for hidden Markov model, 283

Gibbs for mixture model, 257

Hamiltonian Monte Carlo, 202

Markov jump process parameter sampling

with trajectory marginalization, 341

Metropolis, 178

Metropolis–Hastings, 171

Metropolis–Hastings for GaussianP, 227

Metropolis–Hastings for hidden Markov

model, 286

Metropolis–Hastings within Gibbs, 197

Metropolis–Hastings within Gibbs for

Markov jump process, 340

Monte Carlo, 170

multiplicative random walk, 195, 211

slice, 200

trajectory sampling for Markov jump

processes, 337

uniformization, 336

set theory

element, 368

empty set, 369

image set, 377

pre-image set, 377

set, 368

set intersection, 369

set unions, 369

simulation

Box–Muller, 25

definition, 18

fundamental theorem, 18

Gillespie, 65

state

Bayesian state-space model, 328

collapsed state-space, 61

constitutive, 42

continuous state-space, 318, 319

definition, 41

discrete state-space, 45, 264

dwell phase, 79

dwell time, 80

epoch, 45

escape rate, 50
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finite state projection, 107, 129

Gaussian state-space model, 320

hidden, 43

holding, 46

holding period, 46

infinite state truncation, 106

joint decoding, 272

jump time, 46

labeling, 45

latent, 43

linear Gaussian state-space model, 322

marginal decoding, 271

passing, 42

persistence, 78

phase, 45

relabeling, 250

sequence decoding, 270

state-space, 42

state-space label invariance,

280

statistics

sufficient, 144

stochastic

definition, 40

operation, 366

system, 41

structured Markov chain

collapsed state, 60

composite system, 54

congruent system, 54

elementary state-space, 54

elements, 54

underflow, 120, 175

vectors, 348
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