Daniel Kuhn

Generalized Bounds
for Convex Multistage
Stochastic Programs

4y Springer



Contents

1 Introduction ... ... . 1
11 Motivation . ... .. 1

12 Previous Research . ... .. .. .. .. .. ... 2

13 Objective . .. . 4

14 Outline . ... 5

2 Basic Theory of Stochastic Optimization .. ... ... ... . .. 7
21 Modelling Uncertainty. . .. ... ... 7

22 Policies ... ... 10

23 Constraints ... ... 11

2.4 Static and Dynamic Stochastic Programs .. ... . ... ... . 14

25 Here-and-Now Strategies . .. ... ... ... 25

26 Wait-and-See Strategies . .. .. .. ... 25

27 Mean-Value Strategies . ... ... ... 26

3 Convex Stochastic Programs .. ... .. ... .. ... ... 29
3.1 Augmenting the Probability Space .. .. ... ... ... ... .. . 29

32 Preliminary Definitions . ... .. ... ... 33
321 Slater's Constraint Qualification . ... ... . ... . . . . .. 33

322 Convex Functions .. .. ... ... ... 35

3.23 Block-Diagonal Autoregressive Processes . . .. . .. .. . .. 36

3.3 Regularity Conditions. .. ... .. .. .. ..., 37

34 sup-Projections .. ... ... eeee /0

35 Saddle Structure .. ... 41

3.6 Subdifferentiability. . ... ... .. a7

4  Barycentric Approximation Scheme ... .. ... ... ... . 51
4.1 Scenario Generation . ... ... ... 51

4.2 Approximation of Expectation Punctionals . ... ... .. .. . . 54
4.2.1 Jensen'slnequality. ... ... .. .. ... ... ... 55

4.2.2 Edmundson-Madansky Inequality. .. . ... .. ... .. . .. 57



X

Contents
4.2.3 Lower Barycentric Approximation . . ... .. ... ... | 59
4.24 Upper Barycentric Approximation . .. ... ... .. ... .. 62
4.3 Partitioning .. ... 63
4.4 Barycentric Scenario Trees .. ... ... ... 67
45 Bounds on the Optimal Value . ... ... . ... . ... . ... . ... . .. 74
4.6 Bounding Sets for the Optimal Decisions . . . ... .. ... ... . . . 77
Extensions . .. .. ... 83
5.1 Stochasticity of the Profit Functions . . .. ... . . . . .. . . .. .. 84
52 Stochasticity of the Constraint Functions . . ... ... . .. .. . | 89
53 Synthesisof Results . ... ... .. .. ... ... 100
54 Linear Stochastic Programs ... .. .. ... .. .. ... .. ... ... ... 102
541 D.c. Functions . . . . .. 105
5.4.2 Generalized Bounds for Linear Stochastic Programs.... 106
55 Bounding Sets for the Optimal Decisions . ... ... .. ... .. .. .. M1
Applications in the Power Industry ... .. .. ... .. .. .. ... 113
6.1 The Basic Decision Problem of a Hydropower Producer. . . . . . 115
6.2 Market Power. ... .. .. 118
6.3 Lognormal Spot Prices . ... .. ... . .. ... ... ... ... ... 120
6.4 Lognormal Natural Inflows .. ... ... ... ... . ... . ... 121
6.5 RisK Aversion . . ... ... 123
6.6 Numerical Results . ... ... . . . ... ... ... .. ... .. ... 126
6.6.1 Model Parameterization .. .. ... .. .. .. .. .. .. .. .. .. 126
6.6.2 Discretization of the Probability Space . ... ... ... . .. 128
6.6.3 Results of the Reference Problem . ... ... .. .. . 129
6.6.4 Hydro Scheduling Problem with Market Power . . = . = . 130
6.6.5 Lognormal Prices .. ... .. .. .. . .. .. .. .. ... .. .. .. ... 131
6.6.6 Hydro Scheduling Problem with Lognormal Inflows .... 133
6.6.7 Hydro Scheduling Problem with Risk-Aversion . . . . = . 137
Conclusions ... ... 141
7.1 Summary of Main Results . ... ... .. .. ... .. .. .. . .. . . .. 141
72 Future Research ... ... . .. .. . ... ... ... 145
Conjugate Duality. .. ... ... . 147
Lagrangian Duality. .. ... ... ... ... 155
Penalty-Based Optimization .. ... ... ... ... ... . . ... .. 163
Parametric Families of Linear Functions .. .. ... .. .. .. . . 165
Lipschitz Continuity of sup-Projections ... ... .. ... .. .. . .. 169



Contents
List of Figures

List of Tables



