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Bühlmann, P., 41, 47

Carrasco, M., 2, 181
Chen, X., 2, 181
Cramér, H., 87

Dacorogna, M., 37
Davis, R. A., 3, 33, 39, 40, 45–

47, 51, 57, 64, 65, 67–73,
90, 98, 107, 171, 172, 191,
193–196, 200–202

Deistler, M., 134
Diaconis, P., 5, 29

Ding, Z., 49
Doukhan, P., 171
Drost, F., 141, 164
Dudley, R. M., 16, 17, 31
Dunsmuir, W., 98
Dzhaparidze, K., 69

Elie, L., 179
Embrechts, P., 42, 61, 82, 171, 175,

176, 209
Engle, R., 2, 49, 80, 141

Fama, E., 2
Feigin, P. D., 181
Feller, W., 172
Ferguson, T. S., 8, 19
Freedman, D., 5, 29
Frey, R., 49, 133, 141
Fuller, W. A., 39, 47
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canonical space, 14
Cauchy inequalities, 68, 78, 107,

121
causality, 17, 33, 45, 51
change of variables formula, 21
characteristic polynomial, 64
conditional Gaussian likelihood, 66,

74, 99
conditional heteroscedasticity, 41,

48, 85
conditions

A.1 – A.3, 171
C.1 – C.5, 100
D.1 – D.2, 111
D.3, 114
M.1 – M.3, 143
M.4 – M.9, 161
N.1 – N.4, 116
N.3’, 173
Q.1 – Q.4, 75
S.1 – S.2, 30, 88, 94, 98
S.3, 33
T.1 – T.3, 166

contraction, 29
Cramér–Wold decomposition, 47

doubly infinite sequence, 14

e.a.s (exponentially fast almost
sure convergence), 26–28

efficiency, 80, 164, 165
EGARCH model, 60–61, 90

asymptotic normality
of QMLE, 130

consistency of QMLE, 104
invertibility, 95
stationarity, 90

ergodic theorem
for C(K, Rd′×d′

)–valued
sequences, 24

for C(K, Rd′
)–valued

sequences, 19
for B–valued sequences, 22
for real–valued sequences, 17
subadditive, 31, 52

ergodicity, 13–17
exponentially fast almost sure con-

vergence (e.a.s.), 26–28
extremal index, 171

forward iterates, 30, 103
Fourier

coefficient, 199, 201
frequency, 71, 189
series, 69

Frobenius norm, 24

GARCH(1, 1) model, 187
heavy tails, 188
inconsistency of Whittle esti-

mator, 191
limit behavior of SACF, 190
limit behavior of SACVF, 190
non–Gaussian limit of Whittle

estimator, 191
Whittle estimator, 189

GARCH(p, q) model, 48–60
identifiability, 76
least–squares estimator, 73
limit behavior of QMLE, 75
limit behavior of Whittle esti-

mator, 81
QMLE, 74
Whittle estimator, 81

Gaussian quasi likelihood, 64, 66,
74, 99

general conditionally heteroscedas-
tic time series model, 85

asymptotic normality of MLE,
163

asymptotic normality
of QMLE, 118
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consistency of MLE, 143
consistency of QMLE, 100
invertibility, 94
MLE, 142
non–Gaussian limit of QMLE,

174
nonstationary, 131
QMLE, 99
simulation, 89
stationarity, 88

gross error model, 152

heavy–tailed distribution, 41, 56–
61, 171, 188, 193

identifiability, 49, 64, 76, 104, 105,
154

inconsistency, 83, 148, 191
integrated GARCH model

(IGARCH), 60
invariant set, 14
invertibility, 46, 93, 98

Karamata’s theorem, 209
Kolmogorov’s 0–1 law, 14
Kullback–Leibler discrepancy, 153

Laplace density, 154
least–squares estimator, 68, 73
leverage effect, 43, 49, 60
likelihood

approximate, 66, 74, 99, 142
conditional Gaussian, 66, 74,

99
Gaussian, 64
Gaussian quasi, 64, 66, 74, 99
reduced, 65

linear process
causal, 17, 46
non–causal, 17

Lipschitz function, 29
log–return, 37
logarithmic moment, 26

MA(∞) model, 46
martingale central limit theorem,

117, 169

martingale transform, 170
central limit theorem when

tails are heavy, 171
matrix norms, 23
maximum likelihood estimator

(MLE), 142
asymptotic normality, 163
consistency, 146
inconsistency, 148
misspecification, 148

misspecification, 148
mixing, 171, 180
multivariate regular variation, 172

norm
Frobenius, 23, 24
in C(K, Rd′

), 18
matrix operator, 24

NYSE Composite, 38

periodogram, 71, 189
Polish space, 29
power transfer function, 70

quasi likelihood, 64, 66, 99, 152
quasi maximum likelihood estima-

tor (QMLE), 64, 74, 99,
152

asymptotic normality, 65, 75,
118

consistency, 65, 75, 100, 153
non–Gaussian limit, 174

r–fold iterate, 29
random element, 13

simple, 20
random map, 51
random matrix, 24, 52
random product, 28
random scale, 144
robustness, 153

sample autocorrelation function
(SACF), 40

limit behavior, 190
sample autocovariance function

(SACVF), 40
limit behavior, 190
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scale model, 152
scale parameter, 49, 51
spectral

density, 69
distribution function, 69
radius, 54
representation theorem, 69

stable distribution, 172, 174, 190
state space form, 50
stationarity, 13–17, 38

covariance, 57
weak, 57

stochastic recurrence equation
(SRE), 29–36, 188

absolute regularity, 180
linear, 50
perturbed, 33
polynomial linear, 179
simulation, 30
stationary solution, 30
strong mixing, 180

stochastic volatility models, 61
strong mixing, 171, 180
Student tν density, 147
stylized facts of financial time se-

ries, 38

subadditive ergodic theorem, 31,
52

subexponential, 61

tail index, 42, 57, 83, 188
time series, 37
top Lyapunov exponent, 51, 91,

179

uniform
convergence, 17–19
strong law of large numbers,

18

volatility, 41
Volterra series, 59

weak convergence in C(K, Rd′
), 24

white noise process, 40, 48, 80, 194
Whittle estimator, 71, 81, 189

asymptotic normality, 72, 81
consistency, 72, 81
inconsistency, 191
non–Gaussian limit, 191

Yule–Walker estimator, 194
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