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batch size, 45

Bayes’ theorem, 184

Bayesian network, 58

Bayesian robust control, 212

Bayesian robust policy, 211

Bayesian scores, 184

belief vector, 184

Bellman optimality equation, 220, 237

Bellman recursion, 211

Bellman’s equation, 176, 191, 208

Bernoulli, 33, 229

Bernoulli distribution, 118

best-fit error, 86

best-fit error size, 94

best-fit extension problem, 82, 84

best-fit method, 88

bias, 5, 8, 11, 87, 148

bias deviation, 87
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binary variable, 2
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canalized value, 13 constituent network(s), 31, 32, 42, 62,
canalizing, 5 119, 145, 181, 229
canalizing function(s), 12, 82 constrained intervention problem, 197
canalizing value, 13 constraint, 194

canalizing variables, 12 context, 31, 32, 36, 100, 104, 114, 229
cell cycle, 16 context selection probabilities, 34

cell differentiation, 15 context-sensitive, 32

cell migration, 48 context-sensitive PBN(s), 49, 145, 149,
cell signaling, 15 152, 183, 228

cell types, 5 control gene, 161, 200, 217, 218
cell-cycle control network, 18 control horizon, 170

cell-cycle network, 156, 199, 239 control input(s), 165, 170

cellular states, 5 control objective, 171

centrality parameter, 211 control policy, 166

certainty equivalence, 215 control space, 167, 184

chaotic, 8, 15 control strategy, 166

control variable, 171

controllability, 148, 218
Chapman-Kolmogorov equations, 162 controlled Markov chain, 166, 185, 208
chemotherapy, 204 controlled steady-state distributions, 207
Chernoff bound, 43 controlled transition matrix, 221, 223
child, 58 convergence, 44

clamped, 6 convergence rate, 44

classification, 21, 124 correlation analysis, 24

code length, 119 cost function, 176
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conjunction, 65

chaotic phase, 9
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connectivity matrix, 6 de Morgan’s identity, 14
conservative steady-state distribution degenerate links, 6

(CSSD) control policy, 222 description lengths, 116
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consistency problem, 81-83 destination state, 165
consistent, 101 deterministic asynchronous protocols,
consistent functions, 83 228

Unauthorized reproduction of this article is prohibited.

% 49 Copyright © by SIAM.



Index

?FOURTH PROOFS  “n98-book” 2009/11/4 page 263

263

deterministic-asynchronous Boolean
network (DA-BN), 228

deterministic-asynchronous probabilistic
Boolean network (DA-PBN),
228

differential cost, 178

differential equations model, 15

differentiation, 5

directed acyclic graph (DAG), 58

directed graph, 2

discount factor, 172

discounted and bounded cost per stage,
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discounted cost, 171, 189, 208, 235

discounted-cost formulation, 182

discrete linear model, 183

discrete variable, 21

discretization, 21, 42

disjunction, 65

disjunctive normal form (DNF), 110

disordered, 15

disturbance, 233

dominant eigenvalue, 42

dominated convergence, 52, 56
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dual states, 73
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dynamic programming algorithm, 176,
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embedded PBN, 231
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endothelial cells, 47
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epoch times, 234

ergodic, 29, 40, 162

ergodic Markov chain(s), 95, 106, 179
ergodicity coefficient, 206, 207
error estimation, 124

error rates, 118

error size, 82, 84

essential variables, 62
estrogen, 125

expected total discounted cost, 235
exponential distribution, 238
extension, 82

extension problem, 82

external control, 161, 233

false positive ratio (FPR), 86

feedback, 60

fictitious, 10

fictitious variables, 62, 66

finite horizon, 172

finite-horizon control, 166, 171, 185

finite-horizon cost, 167

finite-horizon external control, 161

finite-horizon problem, 170

finite-horizon stochastic control, 183

first passage probability, 164

first passage time, 162

first-order Markov processes, 60

fission yeast, 18

fixed points, 3

forbidden transitions, 216

frozen, 6

frozen core, 6

full predictor sets, 113

full stationary control policy, 222

fully mapped, 105

fully unmapped, 105

function change, 50

function perturbation, 126, 129, 136,
144

fundamental matrix, 137, 140, 144, 148,
149, 208

g-inverse, 137

Gaussian conditional densities, 60
gene, 2, 32

gene activity profile (GAP), 34
gene expression, 27

gene expression data, 61

gene perturbation, 233

gene predictors, 116

gene-level asynchronicity, 228
generalized inverse(s), 137, 149
glioma(s), 23, 46

global optimal policy, 211
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goodness of fit, 115
graph, 58

graph topology, 89
greedy algorithm, 216
growth factors, 156

Hamming distance, 22, 29, 35, 149, 187
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harmonic analysis, 10

hidden Markov models, 60
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imperfect-information case, 186

inconsistencies, 104, 108

inconsistency point, 71

independent, 33

indicator function, 187

inference, 81

inference procedure, 123

inference robustness, 155

infinite horizon, 179, 194

infinite-horizon control, 171

infinite-horizon cost function, 173
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control, 161

infinity-norm uncertainty, 210

influence, 10

information, 4

information feedback control, 186

information vector, 184

instantaneously random, 32
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interior point method, 199

interval uncertainty, 210

invariant distribution, 38
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irreducible Markov chain, 38, 137
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iteration, 209

k-forest, 96
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Kolmogorov—Smirnov statistic, 45
Kolmogorov—Smirnov test, 45

latent variable(s), 33, 79, 100, 109, 228
leaf node, 71

leaf ordering, 74
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level sets, 68, 95

likelihood, 215

linear, 24

linear dynamical systems, 60

linear program, 199

Lloyd—Max quantizer, 22

logic gates, 110

long-run behavior, 89

long-run (steady-state) distance, 123
long-run sensitivity, 148, 154, 156, 160
lossy coding problem, 113

Lyapunov exponent(s), 11, 86

mammalian cell cycle, 156

mappings, 68

marginal steady-state probabilities, 51

Markov assumption, 59

Markov chain Monte Carlo (MCMC), 44

Markov chain(s), 27, 31, 162

Markov decision processes, 161

Markov diagram, 39

Markovian parents, 59

master-regulators, 165

matrix inverse, 148

maximally robust parameter, 211

maximum connectivity, 3

MDL principle, 116, 118

mean field approach, 8

mean first passage time (MFPT), 144,
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mean-square error (MSE), 24, 99

melanoma, 28, 93, 116, 134

memory complexity, 193

metastates, 45

metastatic competence, 135, 182

microarray(s), 28, 33
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minimax, 205

minimax robust control, 212

minimax robustness, 208, 211

minimum description length (MDL),
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minorization condition, 45

minterm(s), 110, 111

model complexity, 115

model structure, 81

model-free, 218

Monte Carlo simulation, 58

multi-output Boolean function, 151

multidimensional scaling, 23

multivariate Boolean regression, 117

mutated network, 160

NCI 60, 23

network inference, 95

network sensitivity, 88

network trajectory, 165

nodes, 32, 58

nondescendants, 59

nonisolated, 108

nonlinear, 24

nonlinear filter, 23

nonsingleton attractors, 90

normalized discounted cost function,
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normalized expected total discounted
cost, 197

normalized gain, 190

normalized Hamming distance, 8, 122

normalized maximum likelihood
(NML), 118

NP-hard, 183

observation noise, 108

Occam’s razor, 21

occupation measure, 198
occupation probability, 197

off-set, 82

on-line adaptation, 215

on-set, 82

one-step prediction probabilities, 65
operator, 205

optimal control, 185

optimal control policy, 219

optimal control problem, 167
optimal control strategy, 193
optimal cyclic policy, 204

optimal function, 94, 100

optimal function perturbation, 147
optimal infinite-horizon control, 156
optimal intervention strategy, 234
optimal predictor(s), 25, 93

optimal quantizer, 22

optimal robust filters, 205

optimal stationary policy, 182, 199
optimal structural intervention, 136, 156
order-k consistent, 102

ordered, 8, 15

ordered phase, 9

overexpression, 16

overfitting, 124

parent, 58

parent nodes, 65

parent set, 62

partial derivative, 10

partially defined Boolean function, 82

partially mapped, 105

permanent intervention, 125

perturbation bounds, 206, 208

perturbation identification, 130

perturbation matrix, 41, 221

perturbation probability, 29, 33, 40, 119,
121, 122

perturbation theory, 137

perturbation(s), 4, 5, 11, 50, 86, 127

perturbed Markov chain, 142

perturbed steady-state distribution, 143,
144

phase transition, 11, 12

phenotype, 146

phosphorylation, 156

Poisson trials, 43

Policy Iteration, 177

policy iteration algorithm, 181

polynomial-time, 83

post-translational regulation, 19

power method, 42

power-law, 8
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precision, 123 regulatory nodes, 117
predictive accuracy, 115 regulatory set, 144
predictor function(s), 61, 66, 90, 132 reinforcement learning, 191
predictor gene set, 117 relevant nodes, 6, 90
predictor set(s), 31, 95, 112, 114, 120 residuals, 116
predictor(s), 23, 32, 62, 69 restart, 50
primal problem, 199 restart probability, 50
prime implicant, 111 resubstitution error, 124
principle of optimality, 167 reversible jump MCMC, 94
prior distribution, 205 robust, 8, 205
probabilistic Boolean network (PBN), robust filter design, 205

27,31 robustness, 24, 88, 148, 205
probability transition matrix, 185 robustness surface, 213
projection, 68 rule-based topology, 230
projection mapping, 68
proliferation, 5 Saccharomyces cerevisiae, 18
prune-and-minimize, 112 sample heterogeneity, 108
purity value, 121 sarcomas, 23

scalar quantization, 21
Q-factor, 192 scale-free, 8
Q-learning algorithm, 193 Schizosaccharomyces pombe, 18
Q-learning suboptimal policy, 193 segment polarity, 16
Q-M algorithm, 66 selection probability, 32, 62, 67, 69, 104
quantization, 21, 32 semi-Markov asynchronous
quantization interval, 22 probabilistic Boolean network
quantization value, 22 (SMA-PBN), 230
quiescent cell state, 17 semi-Markov process, 231
Quine—McCluskey (Q-M), 111 semimetric, 123
sensitivity, 10, 123

random Boolean network (RBN), 2 sensitivity deviation, 87
random perturbation, 33 sensitivity error, 86
random perturbation vector, 33 Sherman—Morrison identity, 141
rank-one perturbation, 138 single-rooted tree, 96
rate distortion theory, 21 singleton attractor(s), 73, 76, 92, 96, 99,
rate-of-cost, 234 106, 127
rate-of-reward function, 200 small sample size(s), 85, 124
recall, 123 specificity, 123
receiver operating characteristic (ROC), spurious attractors, 227

86, 123 SSD control policy, 222
recovery phase, 204 stability, 4
reduced state, 73 state, 34
reduction, 187 state feedback, 185
reduction mapping, 68, 69 state space, 167, 184
regulator genes, 119 state transition diagram, 68, 95, 127
regulatory function, 144 state transition error, 86
regulatory graphs, 215 state transition graph, 229
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state transition matrix, 37, 41

state transition probabilities, 63

state transition(s), 126, 136

stationary control policy, 221

stationary distribution, 38, 44, 125, 131

stationary policy, 173, 177, 182, 206

stationary probability, 54

steady state, 30

steady-state behavior, 28

steady-state data, 89

steady-state (limiting) distribution, 38

steady-state distribution (SSD), 29, 42,
99, 125, 137, 148, 182, 200,
205,215,219

steady-state probability, 93, 190, 232

stochastic asynchronous protocols, 228

stochastic complexity, 118

stochastic matrix, 42, 54, 207

strictly stationary, 38

strongly connected component, 20

structural intervention, 125, 131, 133,
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structural stability, 5

structure parameter(s), 117, 119

subnetworks, 68

sum of products (SOP), 110

switch, 32

switch point, 121

switching probability, 122, 229, 231

synchronized dynamical system, 232

synchronous, 19

synchronous BN, 27

synchronous updating, 2, 227

T lymphocytes, 20

target gene, 23,93, 117
terminal cost, 166, 174, 185
terminal penalty, 169, 170
terminal state(s), 166, 170, 172, 194
ternary, 33

ternary data, 29

threshold, 21

time complexity, 84
time-course data, 89, 189, 219
time-invariant, 60
topology-based distance, 123

trajectory, 49

trajectory length, 55

transcription factor, 61

transcriptional regulation, 12, 19

transcriptional regulatory networks, 61

transient perturbation, 161, 162

transient states, 29, 154

transition Bayesian network, 60

transition matrix, 27, 137, 144, 151

transition probability, 35, 36, 49

transition probability matrix, 165, 177,
205

transition-matrix uncertainty, 210

treatment horizon, 166

treatment points, 204

treatment window, 170, 204

true positive ratio (TPR), 86

truth table(s), 36, 83, 131

two-state Markov chain, 45

unbiased, 8

unbiased function, 13

uncertainty class, 208

undesirable attractor, 136

undesirable states, 145, 156, 189, 194,
217

uniform distribution, 238

universal normalized maximum
likelihood model, 117

updating instant, 229, 231

updating period, 229

Value Iteration, 176

value iteration algorithm, 179, 193, 220
vasculogenesis, 47

vertices, 58

wild-type, 16
wild-type network, 160
wild-type pattern, 130
wiring, 2, 8

wiring diagram, 117
wiring rule, 28

XOR, 33

yeast cell-cycle data, 85
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