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2-parameter semiflow, 33

activity gradient, 213
ageing, 164, 165, 189, 193
allostery, 206ff, 206
allovalency, 219
attractor, 21ff

forward, 22
pullback, 22, 91, 140
random strange, 142

bacterial growth, 6ff
bacterial motion, 285
bifurcation, 24ff

Andronov-Hopf, 115
singular, 107, 116

attractor, 24
Bogdanov-Takens

singular, 115
nonautonomous, 24
pitchfork, 25
saddle-node of limit cycles (SNLC), 102
saddle-node on invariant circle (SNIC), 115
shovel, 26
solution, 24

Bohl exponent, 12
Brownian motion, 271, 279, 301

geometric, 271, 282
multivariate, 298

canard, 89ff
cycles, 103
explosion, 108

faux, 106
maximal, 106ff
secondary, 109
singular, 101ff, 101, 104

cardio-respiratory interactions, 165, 172, 189,
191, 192

cardiovascular system, 8ff
cascade, 81ff
cell dispersal, 271, 285ff
cell proliferation, 258
chemoattractant, 286–288, 295

gradient, 291
chemotaxis, 285
chronic viral infection, 251
cocycle, 34

crude, 52
combination treatment, 265
cones, 77

minihedral, 77
normal, 77
partial order induced by, 77
solid, 77

control system, 33ff, 34
convergence

pullback, 53ff, 53
tempered, 67

cooperativity, 203
coupling function, 169, 172, 189, 191, 193

delay, 272
chain approach, 275
time-varying, 275

density of random time, 285
desingularized problem, 100
detection limit, 255
differential equation
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delay (DDE), 272, 274
integro-, 291
integro-differential transport, 286
nonautonomous, 9ff
nonlocal stochastic, 276
ordinary, 9, 252ff, 259ff
partial integro-, 285
random, 47, 48, 56, 71, 270
stochastic (SDE), 138, 270, 273, 285, 298

nonlocal, 272
stochastic delay (SDDE), 272

dose response, 201
drug treatment, 7ff

ensembles, 163, 164, 173–175, 181, 188–190
epidemiology, 7ff
epidermal growth factor, 200
equation

Boltzmann, 287
forward Kolmogorov (FKE), 299
homological, 17, 18, 30
invariance, 28
of perturbed motion, 10
reaction-diffusion, 286, 287

equilibrium, 49ff, 140
nonautonomous, 15
random, 50

estimation of kinetic parameters, 254
Euler-Maruyama scheme, 277, 279
excitability, 89ff, 110ff

type I (integrator), 110, 114, 115
type II (resonator), 110, 114–116
type III (differentiator), 110, 114–116

excitation-adaptation mechanism, 287
exponential dichotomy, 11
external drive protocol

pulse, 122
ramp, 122
step, 111

feedback control, 272
Fenichel theory, 94, 96
fiber, 9

fast, 94, 99, 102, 103, 116
fold, 95
folded singularity, 101ff, 101, 104
function

Bateman, 257
Green’s, 18
hazard, 281
Hill, 202ff, 258
pharmacodynamic, 8

gene expression, 272
gene transcription, 13, 16
geometric singular perturbation theory, 92ff
Gompertz growth, 280

hemoglobin, 202ff
hepatitis B virus, 251ff, 263ff
hepatitis C virus, 251ff
Hill coefficient, 203, 233

generalized, 210ff
HIV, 263

and T-cell interaction, 19
viral kinetics, 252ff

hull, 34

I/S characteristic, 69
indistinguishable, 52
induced fit hypothesis, 209
induction therapy, 258
inference

Bayesian, 186
dynamical, 189ff, 191ff
parameter, 254, 272, 279, 302

input, 55, 120
insulin absorption, 13, 16
integral manifold, 27ff, 27

center-stable, 28
center-unstable, 28
local, 27
pseudo-stable, 28
pseudo-unstable, 28
stable, 28
strongly stable, 28
strongly unstable, 28
Taylor approximation, 30
unstable, 28

interacting systems, 185ff
intracellular dynamics, 286, 288, 291, 295, 296
invariant, 10, 34, 94, 106, 109, 127

overflowing, 94
irradiation, 271
Itô calculus, 271

JAK-STAT, 272ff
jump process, 281, 285

layer problem, 92, 93ff
lifespan models, 236ff
linear quadratic (LQ) function, 284
logistic growth, 280
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Lyapunov exponent, 11, 141ff, 148ff
Lyapunov-Perron integral, 18, 30

manifold
critical, 93
firing threshold, 119, 126
normally hyperbolic, 93, 98
strong stable, 155

matrix
adjoint, 95
bandwith, 293
coupling, 137
covariance, 288, 297, 300
diffusion, 271, 288, 298

measure preserving dynamical system
(MPDS), 46

method of characteristics, 289
model

Adair, 203ff, 205
chemotaxis, 286
compartment, 252
FitzHugh-Nagumo (FHN), 102, 220, 287
Koshland-Nemethy-Filmer (KNF), 207ff
Kuramoto, 163, 165, 173, 175, 176, 181
macroscopic, 285
mesoscopic, 285, 288ff
Michaelis-Menten, 98
ML-FHN, 113
Monod-Wyman-Changeux (MWC), 206
Morris-Lecar (ML), 111
multiscale, 285, 290, 291, 303
nonsequential, 204
OU type, 298ff
pharmacodynamic, 232ff
pharmacokinetic, 227ff
PK-PD, 203, 257ff, 265ff
sequential, 203
SIR, 7, 252
stochastic, 262ff
transit compartment, 235ff
velocity jump, 294ff, 294

modules connected by acyclic graphs, 150ff
Morse index, 15
multisite system, 201

network, 163, 172, 175
acyclic, 146
neural, 18, 23, 25, 120
neuron, 271
signal transduction, 272
tissue, 288, 303

noise, 270

additive, 275
extrinsic, 270
intrinsic, 270

nonautonomous system, 91
as inverse problem, 181ff
singularly perturbed, 120

nonessential sites, 211
nonparametric density estimation, 285, 292ff
normal switching condition, 100

oscillator, 147
coupled, 163, 164, 173, 175, 181, 191
nonautonomous, 164ff, 164, 169, 172, 192,

193
coupled, 169ff, 188ff
self-sustained, 167ff

van der Pol, 90, 168, 182, 185–187

perturbation
parametric, 9
singular, 92

pharmacodynamics, 8, 232ff, 272
pharmacokinetics, 227ff, 258, 272
phase response curve (PRC), 137
phase-locking, 154
positive feedback, 219
post-inhibitory rebound (PIR), 119
process, 33

Lévy, 271, 303
Ornstein-Uhlenbeck (OU), 175, 282, 294,

301
Poisson, 287
random, 43
stationary, 49ff, 50
stochastic, 51, 270

mean reverting, 279
Wiener, 138–140

protease inhibitor, 261
pullback attracting, 34
pullback limit, 16

quantification limit, 255
quasispecies dynamics, 260

radiation therapy, 280ff
random dynamical system, 33ff, 35, 46ff

with inputs (RDSI), 41ff, 54ff, 54
monotone, 76ff, 76
tempered, 68

with outputs, 57
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random effects, 270, 273, 281
random invariant measure, 140
random set, 65

tempered, 65ff, 66
random sinks, 142
random variable, 237, 270

tempered, 66
random walk, 285
reduced problem, 93, 95ff
reduction principle, 29
refractory period, 137
reliability, 135

pooled-response, 146
resistance, 260
response rate, 257
resting phases, 301

sample measure, 140
shear-induced chaos, 154
signal, 272

chemoattractant, 285
chemotactic, 286, 290
transduction, 272

signaling, 272
intracellular, 271, 272, 302
intracellular pathway, 286, 287
pathway, 271, 272ff

Sinai-Ruelle-Bowen (SRB) measure, 142
singular funnel, 106
skew-product, 147ff

flow, 33ff, 33
slope detector, 111, 122, 126, 128
solution

entire, 15ff, 16
hyperbolic, 11

Taylor approximation, 18
mild, 290

spectral interval, 11
spectral manifold, 13

stable, 13
unstable, 13

spectrum
dichotomy, 11
dynamical, 11
Sacker-Sell-, 11

stability theory, 10ff
state space, 9, 33

extended, 9
steady state level, 252, 260
stochastic flow, 139ff
switching system, 22

tangent bundle, 95
tempered continuity, 67
tempered Lipschitz, 83
theta neuron, 137
time series analysis, 181, 187, 193
time-dependent, 260

efficacy, 258
time-frequency analysis, 184ff
trajectory, 49ff

pullback, 49, 57ff
treatment effects, 253ff
tumor, 282
tumor control probability (TCP), 271, 280, 282
tumor growth, 14, 30, 242ff
turning kernel, 286–288, 291, 295, 296

ultrasensitivity, 199ff, 201
zero-order, 217ff, 218

uniform exponential stability, 11

variational equation, 11
velocity jump, 285, 302
viral dynamics, 251ff
viral kinetics, 251ff
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