Contents

1 Elements of Probability Theory........................... 1
1.1 Introduction ..............iiiii i, 1
1.2 Probability Measures and Their Generalisation............. 6
1.3 Conditional Probablity Structures and Bayes’ Theorem. . .. .. 16
1.4 Random Variables and Probability Distributions ........... 22
1.5 Parametric Families of Probability Distributions............ 30

1.5.1 Characterising Properties............ ... ... ... .... 33
1.5.2 Normal Approximations . .......................... 38
1.5.3 Exponential Families.............. ... ... ... ... ... 39
1.6 Exponential Transformations........... ... ... ... ... .... 42
1.7 Central Limit Theorem.......... ... ... ... o ... 47
1.8 Asymptotic Error Propagation ................ ... ...... 48
1.9 Modes of Convergence ..............c.coouiiiiiinnennaon.. 51
1.10 Conditional Expectation........... ... ... .. ... ... ..... 55

2 Elements of Statistical Theory ............................ 61
2.1 Introduction .......... .. .. ... 61
2.2 Statistical Inference........ ... ... .. . i 62

2.2.1 Point Estimation ....... ... .. . ... o i 62
2.2.2 Hypothesis Testing ....... .. .. ... .. .o .. 75
2.2.3 Confidence Intervals ........ ... ... .. ... ... ..... 81
2.3 The k(1,2,...)-Sample Problem .......................... 83
2.4 The General Linear Model . .......... ... ... ... .. ... ..... 89
2,41 SCOPE ¢ vt et 89
2.4.2 Estimation of Regression Coefficients ............... 91
2.4.3 Geometrical Interpretation ........... ... ... ...... 93
2.4.4 Linear Parameter Restrictions ..................... 97
2.5 Introduction to Multivariate Analysis ..................... 99
2.5.1 Bivariate Normal Density ......................... 100
2.5.2  Multivariate Normal Density....................... 102

2.5.3 Principal Components and their Application ......... 104



XII

Contents
Applied Linear Regression ................................
3.1 Introduction ............ ... i
3.2 Estimation and Hypothesis Testing .......................
3.2.1 Linear Regression Models .........................
3.2.2 Maximum Likelihood and Least-Squares Estimators . .
3.2.3 Method of Least Squares ..........................
3.2.4 Geometrical Interpretation ........................
3.2.5 Distribution Theory of Linear Regression Estimators. .
3.2.6 Confidence Regions and Testing of Hypotheses .. .....
3.3 Model Selection and Validation...........................
3.3.1 Motivation ...........iii
3.3.2 Selection of Variables .......... ... ... ... ... .....
3.3.3 Model Validation ........... ... ... .. ... ... .....
3.4 Analysis under Non-Standard Assumptions ................
3.4.1 Behaviour of Mean Values . ........................
3.4.2 Behaviour of Variances ............ ... ... .. ......
3.4.3 Applicable Techniques ............. .. ... ..........
3.4.4 Inverse Regression ............. ... ... .. .. ... .....
3.5 Generalisations of Linear Regression ......................
3.5.1 Motivation ...........
3.5.2 Generalised Linear Models.........................
3.5.3 Nonlinear Regression ............. ... ... ... ......
3.5.4 Other Extensions........... .. ... .. ... ... .....
Profile Analysis........ .. .. i
4.1 Introduction: Fusion Context ............ ... .. ... .. ... ...
4.2 Discrete Profile Representations .. ............. ... .. ... ...
4.3 Continuous Profile Representations .................... ...
4.3.1 Mean Value Structures .. ...............oo ...
4.3.2 Polynomials ........ . ... .. . .
4.3.3 Perturbation Expansion . ............. ... .. .. ...
4.3.4 Splnes .. ... ..o
4.3.5 FError Structures ......... ... ... .. i
4.4 Profile Dependence on Plasma Parameters.................
4.4.1 Mean Value and Error Structures...................
4.4.2 Profile Invariance. ............ ...
4.5 Estimation of Regression Coefficients................ ... ...
4.5.1 Least Squares and Maximum Likelihood.............
4.5.2 Robust Estimation ........... ... ... ... ... . ...
4.6 Model Testing ........... i
4.6.1 Discrete Versus Continuous Profile Representations . . .
4.6.2 Different Covariance Structures ....................
4.6.3 Different Continuous Profile Representations.........
4.6.4 Profile Invariance........... ... .. ... o i

4.7 Confidence Bands and Regression.........................



Contents
4.7.1 Local Confidence Bands . ..........................
4.7.2 Global Confidence Bands ..........................
4.7.3 Prediction Bands.............. ... ... ... . ..
4.7.4 Confidence Intervals for Global Plasma Variables ... ..
4.8 Summary and Conclusions............c..ooiiuiineen....
4.9 AppendiX ...
4.9.1 Profile Representation by Perturbation Expansion:

Moments . ...

4.9.2 Variance and Bias for Volume-Averaged Global
Quantities .. ...
Discriminant Analysis ............. .. ... ... ... ... ... .....
5.1 Introduction ......... ... ..
5.2 Theory .. ...
5.2.1 Informal Introduction to Discriminant Analysis ......
5.2.2 Statistical Aspects of Discriminant Analysis .........
5.3 Practice . ...... ...
5.3.1 Dataset Description and Visual Analysis ............

5.3.2 Discriminant Analysis using Four Instantaneous
Plasma Parameters . ........... . .. .. . ... .
5.3.3 Plasma Memory and Plasma—Wall Distance .........
5.4 Summary and Discussion .. ......... .. .. o i
Statistical Software ........ .. ... .. .. ...
6.1 OVEIVIEW . ..ottt e e
6.2 SAS L
6.3 S PIUS ..o
Annotated Plasma Physical Datasets .....................
7.1 Introduction ........ ... ...
7.2 Case I: Scalings of the Energy Confinement Time...........
7.3 Case II: Halo Currents at ASDEX Upgrade (AUG) .........
7.4  Case III: Density Limit (AUG) ........ .. ..o,
7.5 Case IV: High-frequency MHD Oscillations (AUG) .........
7.6 Case V: Heat Flux Profiles (AUG) ........................
7.7 Case VI: Density Profiles of Neutral Particles (AUG) .......
7.8 Case VII: Plasma Parameter Recovery (AUG)..............
Some Annotated Statistical Literature ........................

Keywords in English, German, French, Spanish, Russian,

Japanese. ... ...

References . . ...

XIII



2 Springer
http://www.springer.com/978-3-540-21115-0

Classical Methods of Statistics

with Applications in Fusion-Criented Plasma Physics
Kardaun, 0. W.F.

2005, X, 388 p., Hardcover

ISEMN: 278-3-540-21115-0



