Contents

1  Graphs and Conditional Independence . . . . . . . .. ... ... .. 1
1.1 Introduction . . ... ... ... ... . ... ... ... 1
1.2 Graphs . . . . . .. 2

1.2.1 Undirected Graphs . . . . . ... ... ... ........ 2
1.2.2 Directed Acyclic Graphs . . . . . . .. ... ... ..... 6
1.23 Mixed Graphs . . ... ... ... ... ... ... ... 8
1.3 Conditional Independence and Graphs . . . . ... ... ... .. 11
1.4 More AboutGraphs . . . . . ... .. ... ... ... ..., 14
1.4.1 Special Properties . . . . . ... ... ... ... ..... 14
1.42 Graph Layoutin Rgraphviz . . . . . . . ... ... .... 18
1.4.3 TheigraphPackage . . . . ... ... ... ... ..... 20
144 3-DGraphs. . . . ... ... 24
1.4.5 Alternative Graph Representations . . . . . ... ... .. 25
1.4.6  Operations on Graphs in Different Representations . . . . . 25

2 Log-LinearModels . . . . . . .. ... ... ... .. ......... 27
2.1 Imtroduction . . . . .. ... ... ... 27
2.2 Preliminaries . . . . . . . . ... 27

2.2.1 FourDatasets . ... ... ... ... ... ..., 27
222 DataFormats. . . . .. ... ... ... ... . ..... 29
2.3 Log-LinearModels . . ... ... ... .............. 30
2.3.1 Preliminaries and Notation . . . . ... ... .. ..... 30
2.3.2 Hierarchical Log-Linear Models . . . . .. .. ... ... 31
2.3.3 Graphical and Decomposable Log-Linear Models . . . . . 33
2.3.4 Estimation, Likelihood, and Model Fitting . . . . . .. .. 34
2.3.5 Hypothesis Testing . . . . . ... ... ... .. ...... 35
24 Model Selection . . . . . ... ... 42
2.5 FurtherTopics . . . . . . . . o v i i it 45
2.5.1 Fitting Log-Linear Models with glm() .. ... ... .. 45
2.5.2 Working with dModel Objects . . . . . ... ... .... 47
2,6 Various . . ... 49

vii



viii

Contents

Bayesian Networks . . . . . . ... ... ... ... ... ... 51
3.1 Introduction . ... ... ... ... .. .. ... .. ... ... 51
3.1.1 The Chest Clinic Example . . . . . ... ... ....... 52

3.1.2 Models Based on Directed Acyclic Graphs . . . . ... .. 52

313 Inference . . . . . . .. ... ... 53

3.2 Building and Using Bayesian Networks . . . . . . ... ... ... 54
3.2.1 Specification of Conditional Probability Tables . . . . . . . 54

3.2.2 Building the Network . . . . ... ... ... ....... 55

3.2.3 Absorbing Evidence and Answering Queries . . . . . . . . 60

3.3 Further Topics . . . . . . .. . . ... 63
3.3.1 Building a Network fromData . . . .. ... ... .. .. 63

3.3.2 Bayesian Networks with RHugin . . . . . ... ... ... 65

333 Simulation . . . ... 68

3334 Prediction . . .. ... .. 69

3.3.5 Working with HUGIN Files . . . . ... ... ....... 71

3.4 Learning Bayesian Networks . . . . . .. ... ... ....... 73
Gaussian Graphical Models . . . . . . ... ... ... ... ..... 77
4.1 Introduction . . . .. .. ... .. ... 77
42 SomeExamples . ... ... ... ... .. .. 77
421 CarcassData . . ... ... ... ... ... . ....... 77
422 BodyFatData . ... ... ... .............. 80

4.3 Undirected Gaussian Graphical Models . . . . . . . ... ... .. 82
4.3.1 Preliminaries and Notation . . . . ... ... ....... 83
4.3.2 Estimation, Likelihood, and Model Fitting . . . . . .. .. 85
433 HypothesisTesting . . . . . . . . ... ... ... ..... 87
4.3.4 Concentration and Regression . . . . . .. ... ... ... 89

4.3.5 Decompositionof UGGMs . . . .. ... ... ...... 90

4.4 Model Selection . . . ... ... 92
44.1 StepwiseMethods . . . .. .. ... .. ... ... ..., 92
442 Convex Optimization . .. ... .............. 95
443 Thresholding . . . . .. ... ... ... ... ... 96
444 Simultaneous p-Values . . ... ... ... ... ..... 97
445 SummaryofModels . . . ... ... ... ... .. ... 100

4.5 Directed Gaussian Graphical Models . . . . . ... ... ... .. 102
4.5.1 Markov Equivalence . . . . ... ... ... ... 103

4.6 Model Selection for DGGMs . . . .. ... ... ......... 105
4.6.1 ThePC Algorithm . . . . .. ... .. ... ... .... 106
4.6.2 Alternative Methods for Identifying DGGMs . . . . . . .. 111

4.7 Gaussian Chain Graph Models . . . . . . ... ... ... .... 115
4.7.1 Selecting a Chain Graph Model . . . . . .. ... ... .. 115

4.8 Various . . . . ... e e e 116
Mixed Interaction Models . . . . . . . . ... ... .. ........ 117
5.1 Imtroduction . . . . ... ... ... ... 117

5.2 ExampleDatasets . . . ... ... ... ... . ... ... ... 117



Contents ix

5.3 Mixed Data and CG-densities . . . . . .. ... ... ....... 119
5.4 Homogeneous Mixed Interaction Models . . . . . . ... ... .. 120
5.5 Model Formulae . . . . . ... ... ... ... . ..., 122
5.6 Graphical and Decomposable MI-models . . . . ... ... .... 125
5.7 Maximum Likelihood Estimation . . . . ... ... ... ..... 128
5.7.1 Likelihood and Deviance . .. ... ... ......... 128

5.7.2 Dimension of MI-models . . ... ... .......... 129

573 Inference . . . . . . . .. ... 129

5.7.4 Likelihood Equations . . . . ... ............. 129

5.7.5 Tterative Proportional Scaling . . . . .. ... ... .... 131

58 UsinggRim . . ..... ... ... ... ............. 135
5.8.1 UpdatingModels . . ... ... ... ... ........ 136

5.8.2 Inference . . . . . . .. ... ... L 136

5.8.3 Stepwise Model Selection . . . . . ... ... .. ..... 137

5.9 An Example of Chain Graph Modelling . . . . . ... ... .... 138
S50 Various . . . . ... 142
6  Graphical Models for Complex Stochastic Systems . . . . . ... .. 145
6.1 Introduction . . ... ... ... ... ... 145
6.2 Bayesian Graphical Models . . . . . ... ... ... ....... 145
6.2.1 Simple Repeated Sampling . . . . ... ... ....... 145

6.2.2 Models Based on Directed Acyclic Graphs . . . . . . . .. 147

6.3 Inference Based on Probability Propagation. . . . . ... ... .. 149
6.4 Computations Using Monte Carlo Methods . . . . . ... ... .. 152
6.4.1 Metropolis—Hastings and the Gibbs Sampler . . . . . . . . 152
6.4.2 Using WinBUGS viaR2WinBUGS . . . . .. ... .. .. 154

6.5 Various . . . . ... 158
7 High Dimensional Modelling . . . ... ... ............. 159
7.1 Introduction . . . . ... ... ... ... 159
7.2 TwoDatasets . . . . . . .. .. 159
7.3 Computational Efficiency . . . ... ... ... .......... 160
7.4 The Extended Chow-Liu Algorithm . . . ... ... ... .. .. 162
7.5 Decomposable Stepwise Search . . . . . . ... ..o 166
7.6 Selection by Approximation . . . . . . ... ... ... L. 169
7.7 Finding MAP Forests . . . . ... ... ... .. .. ....... 171
References . . . . . . . ... .. .. 175



2 Springer
http://www.springer.com/978-1-4614-2298-3

Graphical Models with R
Hejsgaard, 5.; Edwards, D.; Lauritzen, 5.

2012, 1¥, 182 p. 112 illus., 24 illus. in color., Softcover
ISBN: 978-1-4614-2298-3





