
Contents 

Acknowledgements ix 

 Preliminaries 9 
1.1 Probability spaces and random variables 12 
1.2 Distance between probability measures 14 

1.2.1 Entropy and mutual information 16 
1.2.2 Relative entropy 17 

1.3 Markov chains 19 
1.3.1 Markov chains and Markov graphs 20 

1.4 Discrete-time Markov chains 21 
1.4.1 Transient distributions 22 
1.4.2 Stationary behavior 22 

1.5 Continuous-time Markov chains 23 
1.5.1 A discussion on constructing the CTMC 24 
1.5.2 Transient distribution 26 
1.5.3 Uniformization 27 
1.5.4 Stationary behavior 27 
1.5.5 Finite-dimensional marginal probabilities 28 

2 Rule-based modeling of biochemical networks 29 
2.1 Chemical kinetics 30 

2.1.1 Stochastic chemical kinetics 31 
2.1.2 Classical chemical kinetics 33 
2.1.3 Determinisitc and stochastic rate constants 34 
2.1.4 Random time change model and the thermodynamical limit 35 

2.2  36 
2.3 Rule-based models 39 
2.4  rigidity and counting automorphisms 41 
2.5 Individual-based and species-based semantics of  programs 43 
2.6 Examples 46 

3 Automated reductions of  models 51 
3.1 Stochastic fragments: Motivating example 53 
3.2 Fragments 56 

xii 

Petrov, Tatjana
Formal reductions of stochastic rule-based models of biochemical systems
2013

digitalisiert durch
IDS Basel/Bern, im Auftrag der
Schweizerischen Nationalbibliothek



Contents xiii 

3.3 Fragment-based semantics 57 
3.4 Reduction with fragments 58 
3.5 Computing fragment-based semantics 61 

3.5.1 Translating the contact map 62 
3.5.2 Translating the  program 63 

4 Exact aggregation of Markov chains 65 
4.1 Lumpability and invertability 66 
4.2  case 68 

4.2.1 Forward criterion 69 
4.2.2 Backward criterion 69 
4.2.3 Invertability 71 
4.2.4 Convergence 76 

4.3 Continuous-time case 78 
4.4 Trace semantics of stochastic processes 82 

4.4.1 Trace semantics: discrete-time 82 
4.4.2 Trace semantics: continuous-time 83 

4.5 Trace semantics interpretation of exact aggregations 83 
4.5.1 Discrete-time case 83 
4.5.2 Continuous-time case 84 

4.6 Matrix  85 

5 Exact automatic reductions of stochastic rule-based models 88 
5.1 Exact fragment-based reduction 91 
5.2 Computing the fragment-based semantics 95 
5.3 Example 97 

6 Approximate aggregation of Markov chains 99 
6.1 KL divergence 100 
6.2 Error measure: Discrete time 102 

6.2.1 Lifting: Discrete case 104 
6.3 Error measure: Continuous time 106 

6.3.1 Lifting: Continuous case 109 
6.4 Trace semantics interpretation of approximate aggregations  
6.5 Matrix representation 112 

7 Approximate automatic reductions of stochastic  mod­
els 113 
7.1 Approximate reductions and error bound 115 
7.2 Tests 115 

8 Case studies 118 
8.1  receptor pathway 118 

8.1.1 Model description 119 
8.1.2 Exact fragment-based reduction 121 



Contents xiv 

8.2 HOG pathway in yeast 122 
8.2.1 Model description 122 
8.2.2 Reachable species 123 
8.2.3 Exact fragment-based reduction and model decomposition . 124 

9 Conclusions and Discussion 126 


	vtls001730654 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3



