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3.2 Implicitization 94
3.3 Maximum likelihood estimation 102
3.4 Tropical geometry 109
3.5 The tree of life and other tropical varieties 117

4 Biology L. Pachter and B. Sturmfels 125
4.1 Genomes 126
4.2 The data 132
4.3 The problems 137
4.4 Statistical models for a biological sequence 141
4.5 Statistical models of mutation 147

v

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521857007 - Algebraic Statistics for Computational Biology
Edited by Lior Pachter and Bernd Sturmfels
Table of Contents
More information

http://www.cambridge.org/0521857007
http://www.cambridge.org
http://www.cambridge.org


vi

Part II Studies on the four themes 161

5 Parametric Inference R. Mihaescu 165
5.1 Tropical sum-product decompositions 166
5.2 The polytope propagation algorithm 169
5.3 Algorithm complexity 173
5.4 Specialization of parameters 177

6 Polytope Propagation on Graphs M. Joswig 181
6.1 Polytopes from directed acyclic graphs 181
6.2 Specialization to hidden Markov models 185
6.3 An implementation in polymake 186
6.4 Returning to our example 191

7 Parametric Sequence Alignment
C. Dewey and K. Woods 193

7.1 Few alignments are optimal 193
7.2 Polytope propagation for alignments 195
7.3 Retrieving alignments from polytope vertices 199
7.4 Biologically correct alignments 202

8 Bounds for Optimal Sequence Alignment
S. Elizalde and F. Lam 206

8.1 Alignments and optimality 206
8.2 Geometric interpretation 208
8.3 Known bounds 211
8.4 The square root conjecture 212

9 Inference Functions S. Elizalde 215
9.1 What is an inference function? 215
9.2 The few inference functions theorem 217
9.3 Inference functions for sequence alignment 220

10 Geometry of Markov Chains E. Kuo 226
10.1 Viterbi sequences 226
10.2 Two- and three-state Markov chains 229
10.3 Markov chains with many states 231
10.4 Fully observed Markov models 233

11 Equations Defining Hidden Markov Models
N. Bray and J. Morton 237

11.1 The hidden Markov model 237
11.2 Gröbner bases 238
11.3 Linear algebra 240
11.4 Combinatorially described invariants 247

Contents

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521857007 - Algebraic Statistics for Computational Biology
Edited by Lior Pachter and Bernd Sturmfels
Table of Contents
More information

http://www.cambridge.org/0521857007
http://www.cambridge.org
http://www.cambridge.org


vii

12 The EM Algorithm for Hidden Markov Models
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