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o-algebra, 130

absorbing state, 131, 137, 149, 193, 201
American options, 361
anarchy value, 433
arbitrage pricing, 345
Arnold’s cat map, 413, 416
asian option, 355
at the money, 359
attractivity, 196, 197
of the contact process, 196, 198

backward equation, 142
Bernoulli product measure, 154
betting system, 334
bifurcation, 54
global, 122
heteroclinic, 123
homoclinic, 122
saddle-node on cycle, 122
local, 117
Hopf, 119
pitchfork, 119
saddle-node, 117
transcritical, 119
bifurcation diagram, 78
binary relation, 317
binomial model, 348
birth-death chain, 152
Black—Scholes formula, 371
bull put spread, 360
Burgers’ equation, 167, 169
cadlag, 129, 133
call option, 370
capital market line, 342
CAPM
certainty equivalent pricing form, 344

conjecture, 341
pricing form, 344
CARA, 320
central limit theorem, 363
certainty equivalent, 319, 344
Chaos, 92
attractor and strange attractor, 98
definition, 98
fractal, 99
Lorenz equation, 92
Lyapunov exponent, 97
properties, 93
strange attractor, 96
routes to chaos
intermittency, 113
period doubling, 112
test for chaos, 100
characteristic
equation, 169-172
velocity, 169, 170, 173
chooser option, 355
compact metric space, 129, 139
complete convergence, 203, 205
condensation, 189
conservation law, 126, 128, 136, 137,
149, 160, 162, 165, 207
hyperbolic, 169
conserved quantity, see conservation
law
consumer choice function, 323
consumer price index, 346
contact process, 137
contractive, 140
correlation, 324
correlation function, 144
coupled map lattices, 408
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coupling effective, 326
measure, 194, 195 unbiased, 326
process, 196, 198, 201, 202 European call, 350
covariance, 324 European option, 350, 361
credit default swaps (CDS), 372, 376 European put, 350
critical exclusion process, 136, 154
behaviour, 192, 205 asymmetric simple (ASEP), 136, 154
density, 187 symmetric simple, 136
exponent, 192 exercise price, 370
mean-field, 204 existence and uniqueness
measure, 188 theorem in R, 52
point, 192, 204 theorem in R™, 72
value, 193, 194, 200, 202 expected utility, 318
mean-field, 194, 202 exponentially local, 421
CRRA, 320 extinction, 128, 194
current, 164, 165 time, 204
maximum, 173 .
stationary, 166, 167, 180, 181 fat tails, 365
cylinder function, 144, 164, 186 Feller process, 139, 140, 147

first-order systems, 50
asymptotically stable, 50
bifurcation
cusp singularity, 57
pitchfork subcritical, 56
pitchfork supercritical, 55
saddle-node, 54
transcritical, 54

fixed points, 50

Lyapunov stable, 50

multi-stability, 57

unstable, 50

flow on circle
non-uniform oscillator, 60
uniform oscillator, 60

cylinder set, 129

default intensity, 371
deflator, 358
density, 144, 154
bulk, 190
dependency matrix, 392
detailed balance, 152
diagonal, 359
difference equations, 49
cobweb, 49
differential equations, 49
diminishing rate of substitution, 322
discrete Laplacian, 143, 166
Dobrushin metric, 391

domain of attraction, 366 '
duality, 205 flux function, 169

function, 205, 207 forward equation, 142, 164, 191
of the contact process, 206 forwards, 329
self, 205 fractal, 113
box dimension, 116
correlation dimension, 116
similarity dimension, 115
fugacity, 178, 181, 182
futures, 329

efficient frontier, 338, 339
efficient market hypothesis, 346
emergence, 405

empirical measure, 167
empirical process, 167

ensemble Gaussian copula, 374
canonical, 157, 162, 182, 184, 190 generating function, 362
grand-canonical, 157, 162, 182, 184, generator, 141-143, 145

189 adjoint, 150

equivalence of ensembles, 182, 188 of contact process, 191

equivalence relation, 317 of exclusion process, 154

ergodic, 148, 153, 193, 199 of zero-range process, 175

estimate Gibbs phases, 406
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graphical construction, 134, 136, 137, assumption, 192

196, 198, 201

HARA, 320
hazard rate, 371
heat equation, 166
heavy tails, 365
hedge ratio, 330

optimal, 331
hedging price, 351
Hille-Yosida theorem, 142
holding time, 131, 133
hydrodynamic limit, 167, 168

idiosyncratic risk, 343
in the money, 359
indecomposable, 407
inflation, 346
average rate of, 346
invariant measure, see stationary
measure
irreducible, 153, 156, 157, 193

Jensen index, 343
joinings, 393
jump rates, 131, 135

Laplace transform, 362
lattice, 135
lattice gas, 136, 143, 175, 187
lexicographic order, 317
linear stability analysis, 51
linearisation

Jacobian matrix, 74

linear stability theorem, 74
local equilibrium, 167
log-normal random variable, 367
long iron condor, 361
Lorenz map, 99
loss of memory property, 132, 133
Lyapunov theorem, 76

majority voter PCA, 402
manifold, 64

marginal rate of substitution, 321
market portfolio, 341

market price of risk, 342

Markov chain, 130, 143, 147, 151
Markov partition, 416

Markov process, 130

Markov property, 130, 139, 146, 198
martingale, 348

master equation, 151

maturity, 331, 370

mean field, 203

rate equation, 192, 193
mean-field, 191

assumption, 191, 192
measurable, 130, 194, 195
metastability, 193
moment generating function, 362
money management, 334, 335
monotonicity, 399

in A, 198, 199

stochastic, 194, 196

naked put, 359, 360

Nash flow, 428

natural measure, 418

net credit trade, 359

net debit trade, 359

net present value (NPV), 344

non-satiation, 319

nonlinear oscillations, 77
bifurcation

sub-critical Hopf, 80
super-critical Hopf, 78

coupled oscillators, 88
Floquet multipliers, 91
limit cycles in R?, 77
linear stability of limit cycle, 91
Poincaré map, 90
Poincaré-Bendixson theorem, 80
relaxation, 83
Van der Pol, 78

Numerical simulation
Euler, 53
improved Euler, 53
Runge-Kutta, 53

one-dimensional map
fixed points, 101
flip bifurcation, 107
linear stability, 101
logistic map, 103
Lyapunov exponent, 109
one factor model, 375
optimal, 428
order parameter, 172
out of the money, 359

Pareto order, 317

partial order, 317

partition function, 178, 180
canonical, 182
grand-canonical, 182

path measure, 130, 141
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path space, 129, 146, 149
PCA
weakly dependent, 394
perturbation methods
multiple scales, 86
regular, 84
phase, 404
phase diagram, 172, 190, 193
mean-field prediction, 193
phase region, 172
phase separation, 189
phase transition, 126, 148, 149, 163
continuous, 173, 190, 204
dynamic, 172
first order, 173
phases, 423
Poisson distribution, 133
Poisson process, 133, 134, 201
Potential, 52
pre-order, 317
price of anarchy, 430
probabilistic cellular automata, 388
product topology, 129
put-call parity, 353, 354

random variable
stable, 366
random walk, 134, 136, 143, 152, 178
rarefaction fan, 171-173
recovery rate, 372
relative entropy, 183, 184
inequality, 183, 186
specific, 184
reversible, 146, 149, 150, 152
time-reversible, 146, 150
Riemann problem, 169-172
risk aversion, 319
absolute, ARA, 319
relative, RRA, 319
risk tolerance, 342
risk-adjusted interest rate, 344
risk-neutral probability, 349

sample path, 129
scaling limit, 166
second class particles, 174
security market line (SML), 342
semi-variance, 332
semigroup, 139-142
adjoint, 141, 150
shadowing theorem, 418
Sharp index, 343
shock, 171-173

Index

speed, 171
shortfall probability, 332
shorting, 330
simple lottery, 318
solenoid attractor, 416
spectrum, 153
spectral gap, 153
spread, 359
horizontal, 359
vertical, 359
stability
asymptotically stable, 73
Lyapunov stable, 73
stable laws, 366
standard deviation, 323
state space, 127, 128
local, 128, 129
state space reconstruction, 113
stationary measure, 146, 148, 152
existence, 147
of contact process, 198
of exclusion processes, 154
of zero-range process, 178
uniqueness, 152
upper invariant measure, 198, 199
statistical theory of “chaos”, 412
Stavskaya’s PCA, 388
stochastic dominance
first order, 320
second order, 320
stochastic process, 129
straddle, 361
strangle, 361
Strassen’s thoerem, 195
strike price, 350, 370
strong continuity, 131, 140
survival, 128, 194
probability, 199, 200, 203
survival probabilities, 371
symmetry, 157, 158, 160, 161, 163
breaking, 163
CP-invariance, 163
simple, 158, 207
systematic risk, 343
systems in R?
harmonic oscillator, 62
linear, 61
characteristic equation, 65
eigenvalue, eigenvector, 65
node, saddle node, focus, 65
nonlinear, 71
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systems in R"™
linear, 66
normal form, 67

tangent portfolio, 340
transition operator, 390
transportation metric, 392
uniformly hyperbolic, 413, 421
upper critical dimension, 192
utility function, 317

value at risk, VAR, 332
variance, 323

Vasicek formula, 376

Index 445

viscosity method, 170

volatility, 370

voter model, 138
linear, 138, 208

waiting time paradox, 327

weak convergence, 148, 168, 198, 203
local, 167

weak solution, 170
admissible, 170

wealth process, 349

zero-charge measures, 390
zero-range process, 175
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