
Contents

Part I The YUIMA Framework

1 The YUIMA Package.............................................................................. 3
1.1 Overview of the Project................................................................. 3
1.2 Who Should Read This Book?...................................................... 4
1.3 Structure of the Book..................................................................... 4
1.4 How to Get the R Code for This Book........................................ 5
1.5 Main Contribution to the Yuima Package...................................... 5
1.6 Further Developments of Yuima Package...................................... 6
1.7 Things to Know About R............................................................... 7

1.7.1 How to Get R................................................................... 7
1.7.2 R and S4 Objects............................................................... 7

1.8 The Yuima Package........................................................................ 11
1.8.1 How to Obtain the Package............................................. 11
1.8.2 The Main Object and Classes........................................... 12
1.8.3 The yuima .model Class............................................... 15

1.9 On Model Specification................................................................... 16
1.9.1 Basic Model Specification ............................................... 17
1.9.2 User-Specified State and Time Variables......................... 18
1.9.3 Specification of Parametric Models.................................. 19

1.10 Basic Facts on Simulation............................................................... 20
1.10.1 Customization of Simulation Arguments......................... 20
1.10.2 Simulation of Models with User-Specified Notation .... 23
1.10.3 Simulation of Parametric Models .................................... 24

1.11 Sampling and Simulate................................................................... 25
1.11.1 Sampling and Subsampling............................................... 27

1.12 How to Make Data Available into a yuima Object.................... 33
1.12.1 Getting Data from Data Providers.................................... 37

1.13 How to Extract Data from a yuima Object.................................. 39



1.14 Time Series Classes, Time Data and Time Stamps....................... 40
1.14.1 Review of Some Time Series Objects in R.................... 40
1.14.2 How to Handle Real Time Stamps.................................. 47
1.14.3 Dates Manipulation.......................................................... 50
1.14.4 Using Dates to Index Time Series.................................... 52
1.14.5 Joining Two or More Time Series.................................... 54
1.14.6 Subsetting a Time Series.................................................. 59

1.15 Miscellanea...................................................................................... 63
1.15.1 From Yuima to MgX........................................................ 63
1.15.2 The Yuima GUI................................................................. 65

Part II Models and Inference

2 Diffusion Processes................................................................................... 69
2.1 Model Specification........................................................................ 69

2.1.1 Omstein-Uhlenbeck (OU) ............................................... 72
2.1.2 Geometric Brownian Motion (gBm)................................ 72
2.1.3 Vasicek Model (VAS)...................................................... 73
2.1.4 Constant Elasticity of Variance (CEV)............................. 73
2.1.5 Cox-Ingersoll-Ross Process (CIR).................................. 73
2.1.6 Chan-Karolyi-Longstaff-Sanders Process (CKLS).........  74
2.1.7 Hyperbolic Diffusion Processes........................................ 74

2.2 More About Simulation.................................................................... 78
2.3 Multidimensional Processes............................................................. 80

2.3.1 The Heston Model............................................................. 82
2.4 Parametric Inference........................................................................ 84

2.4.1 Quasi-maximum Likelihood Estimation........................... 85
2.4.2 Adaptive Bayes Estimation............................................... 87

2.5 Example of Real Data Estimation for gBm.................................... 91
2.6 Example of Real Data Estimation for CIR.................................... 93
2.7 Hypotheses Testing.......................................................................... 96
2.8 AIC Model Selection...................................................................... 100

2.8.1 An Example of AIC Model Selection for Exchange
Rates Data..........................................................................  101

2.9 LASSO Model Selection.................................................................  103
2.9.1 An Example of Lasso Model Selection for Interest

Rates Data..........................................................................  106
2.10 Change Point Estimation................................................................. 108

2.10.1 Example of Volatility Change Point Estimation
for Two-Dimensional SDEs............................................. 109

2.10.2 An Example of Two-Stage Estimation.............................  112
2.10.3 Example of Volatility Change Point Estimation

in Real Data...................................................................... 114



2.11 Asynchronous Covariance Estimation .......................................... 115
2.11.1 Example: Data Generation and Estimation by yuima

Package.............................................................................. 117
2.11.2 Asynchronous Estimation for Nonlinear Systems........... 121
2.11.3 Other Covariance Estimators............................................  122

2.12 Lead-Lag Estimation..................................................................... 123
2.12.1 Application of the Lead-Lag Estimator to Real Data . . . 128

2.13 Asymptotic Expansion................................................................... 130
2.13.1 Asymptotic Expansion for General Stochastic

Processes............................................................................ 134

3 Compound Poisson Processes................................................................  137
3.1 Inhomogeneous Compound Poisson Process.................................  140

3.1.1 Linear Intensity Function................................................. 141
3.1.2 The Weibull Model.......................................................... 141
3.1.3 The Exponentially Decaying Intensity Model.................. 142
3.1.4 Modulated and Periodical Intensity Model......................  142
3.1.5 Frequency Modulation Model.......................................... 144

3.2 Multidimensional Compound Poisson Processes........................... 144
3.2.1 Multivariate Gaussian Jumps............................................  145
3.2.2 User-Specified Jump Distribution.................................... 146

3.3 Estimation....................................................................................... 148
3.3.1 Compound Poisson Process with Gaussian Jumps......... 148
3.3.2 NIG Compound Poisson Process...................................... 150
3.3.3 Exponential Jump Compound Poisson Process................ 151
3.3.4 The Weibull Compound Poisson Process........................  152
3.3.5 Modulated and Periodical Intensity Model......................  153

4 Stochastic DifiFerential Equations Driven by Lévy Processes.............  155
4.1 Lévy Processes................................................................................ 155

4.1.1 Infinitely Divisible Distributions...................................... 156
4.1.2 Infinite Divisible Distributions, Lévy Processes,

Lévy-Itô Decomposition................................................... 157
4.2 Wiener Process................................................................................ 158
4.3 Compound Poisson Process............................................................ 158
4.4 Gamma Process and Its Variants................................................... 159

4.4.1 Gamma Process................................................................  159
4.4.2 Variance Gamma Process................................................. 160
4.4.3 Bilateral Gamma Process................................................. 161
4.4.4 Simulation of Gamma Processes...................................... 162

4.5 Generalized Tempered Stable Process, Tempered a Stable
Process, CGMY Process, Positive Tempered Stable Process .... 165

4.6 Inverse Gaussian Process ..............................................................  165
4.7 Increasing Stable Process..............................................................  169



4.8 Subordination.................................................................................... 171
4.8.1 Definition........................................................................... 171
4.8.2 Compound Poisson Process by Subordination................ 171
4.8.3 Subordination of a Wiener Process with Drift................ 172
4.8.4 Variance Gamma Process with Drift................................ 173
4.8.5 Normal Inverse Gaussian Process..................................... 175
4.8.6 Normal Tempered Stable Process.................................... 179

4.9 Stable Process.................................................................................. 181
4.10 Generalized Hyperbolic Processes.................................................. 184

4.10.1 Generalized Inverse Gaussian Distribution........................ 184
4.10.2 Generalized Inverse Gaussian Process

and Generalized Hyperbolic Process................................ 185
4.10.3 GH Distributions................................................................ 186
4.10.4 Subclasses of the GH Distributions.................................. 187

4.11 Stochastic Differential Equation Driven by Lévy Processes
and Their Simulation ......................................................................  188
4.11.1 Semimartingale.................................................................. 188
4.11.2 Stochastic Differential Equations....................................... 190
4.11.3 Compound Poisson Driving Processes.............................. 190
4.11.4 Driving Processes of code Type....................................  192

4.12 Estimation......................................................................................... 196
4.12.1 Estimation of Jump-Diffusion Processes........................... 196
4.12.2 Estimation of Exponential Lévy Processes....................... 199

4.13 Bessel Function of the Third Kind.................................................. 201

5 Stochastic Differential Equations Driven by the Fractional
Brownian Motion......................................................................................  203
5.1 Model Specification......................................................................... 203
5.2 Simulation of the Fractional Gaussian Noise ................................ 205

5.2.1 Cholesky Method................................................................ 206
5.2.2 Wood and Chan Method .................................................. 206

5.3 Simulation of Fractional Stochastic Differential Equations...........  207
5.4 Parametric Inference for the fOU.................................................... 208

5.4.1 Estimation of the Hurst Exponent and the Diffusion
Coefficient via Quadratic Generalized Variations........... 209

5.4.2 Estimation of the Drift Parameter....................................  211
5.5 An Example on Climate Change Data...........................................  212

6 CARMA Models......................................................................................... 215
6.1 Lévy-Driven CARMA Models......................................................... 215
6.2 CARMA Model Specification......................................................... 217

6.2.1 The yuima. carma-class........................................... 217
6.3 CARMA(p,g) Model Estimation.................................................... 220



6.4 Examples of Lévy-driven CARMA(p,g) Models............................ 222
6.4.1 Compound Poisson CARMA(2,1) Process....................... 222
6.4.2 Variance Gamma CARMA(2,1) Process.......................... 224
6.4.3 Normal Inverse Gaussian CARMA(2,1) Process.............. 226

6.5 Application to the VIX Index.......................................................... 229

7 COGARCH Models................................................................................... 237
7.1 General Order (p^q) Model..............................................................  239

7.1.1 How to Input a COGARCH(/?,g) Model in yuima........... 240
7.1.2 Stationarity Conditions........................................................ 241

7.2 Simulation Schemes.......................................................................... 244
7.3 Generalized Method of Moments Estimation................................  248

7.3.1 Moments Matching Step.....................................................  248
7.3.2 Lévy Distribution Estimation............................................ 250

7.4 Quasi-maximum Likelihood Estimation.......................................... 251
7.5 Relationship Between GARCH(1,1) and COGARCH(l,l)............ 253
7.6 Application to Real Data................................................................... 254

References........................................................................................................... 257

Index.................................................................................................................... 265


