
Contents

1 Core Bioinformatics Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 DNA Mapping and Sequencing . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 Size of Human DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.2 Copying DNA: Polymerase Chain Reaction (PCR) . . . . . 2
1.1.3 Hybridization and Microarrays . . . . . . . . . . . . . . . . . . . . . . 2
1.1.4 Cutting DNA into Fragments . . . . . . . . . . . . . . . . . . . . . . . 2
1.1.5 Prefix Cutting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1.6 Unique Markers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1.7 Measuring the Length of DNA Molecules . . . . . . . . . . . . . 4
1.1.8 Sequencing Short DNA Molecules . . . . . . . . . . . . . . . . . . . 4
1.1.9 Mapping Long DNA Molecules . . . . . . . . . . . . . . . . . . . . . . 4
1.1.10 Mapping by Single Digestion . . . . . . . . . . . . . . . . . . . . . . . . 5
1.1.11 Mapping by Double Digestion . . . . . . . . . . . . . . . . . . . . . . . 6
1.1.12 Mid-sized DNA Molecules: Shotgun Sequencing . . . . . . . 7

1.2 String Storage and Pattern Matching . . . . . . . . . . . . . . . . . . . . . . 8
1.2.1 Complexity of Pattern Matching in Bioinformatics . . . . . 8
1.2.2 First Look at Suffix Trees . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.2.3 A Couple of Suffix Tree Applications . . . . . . . . . . . . . . . . . 10

1.3 String Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
1.4 Multiple Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
1.5 Gene Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.6 Gene Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.7 RNA Structure Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
1.8 Protein Structure Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

1.8.1 Holy Grail Protein Structure Prediction . . . . . . . . . . . . . . 19
1.8.2 Secondary Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
1.8.3 Tertiary Structure Prediction with Contact Maps . . . . . . 20
1.8.4 HP-Model Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
1.8.5 Protein Threading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

1.9 Molecular Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
1.10 Bibliographic Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24



XIV Contents

2 Turning to Algorithmic Problems . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.1 Presentation of Algorithmic Problems . . . . . . . . . . . . . . . . . . . . . . 25
2.2 DNA Mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.2.1 Mapping by Hybridization . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.2.2 Mapping by Single Digestion . . . . . . . . . . . . . . . . . . . . . . . . 27
2.2.3 Mapping by Double Digestion . . . . . . . . . . . . . . . . . . . . . . . 30

2.3 Shotgun Sequencing and Shortest Common Superstrings . . . . . . 31
2.4 Exact Pattern Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.4.1 Naive Pattern Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
2.4.2 Knuth-Morris-Pratt Algorithm . . . . . . . . . . . . . . . . . . . . . . 35
2.4.3 Multi-Text Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.4.4 Multi-Pattern Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.4.5 Formal Definition of Suffix Trees . . . . . . . . . . . . . . . . . . . . 38

2.5 Soft Pattern Matching = Alignment . . . . . . . . . . . . . . . . . . . . . . . 41
2.5.1 Alignments Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.5.2 Evaluating Alignments by Scoring Functions . . . . . . . . . . 41

2.6 Multiple Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2.6.1 Sum-of-Pairs Maximization . . . . . . . . . . . . . . . . . . . . . . . . . 43
2.6.2 Multiple Alignment Along a Guide Tree . . . . . . . . . . . . . . 43
2.6.3 Consensus Line Optimization . . . . . . . . . . . . . . . . . . . . . . . 45
2.6.4 Steiner String . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
2.6.5 Equivalence of Consensus Lines and Steiner Strings . . . . 45
2.6.6 Generalization to Steiner Trees/Phylogenetic Alignment 47
2.6.7 Profile Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
2.6.8 Hidden Markov Multiple Alignment. . . . . . . . . . . . . . . . . . 48
2.6.9 Example Heuristic for Obtaining Multiple Alignments . . 51

2.7 Gene Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
2.8 Genome Rearrangement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
2.9 RNA Structure Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
2.10 Protein Structure Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

2.10.1 Comparative Approaches Using Neural Networks . . . . . . 56
2.10.2 Protein Threading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

2.11 Bi-Clustering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
2.12 Bibliographic Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

3 Dynamic Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
3.1 General Principle of Dynamic Programming . . . . . . . . . . . . . . . . 61
3.2 Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

3.2.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
3.2.2 Parameterization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
3.2.3 Bellman Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
3.2.4 Recursive Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
3.2.5 Number of Different Subcalls and Overall Complexity . . 65
3.2.6 Tabular Organization of the Bottom-Up Computation . . 65

3.3 Multiple Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67



Contents XV

3.4 Affine Gap Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
3.4.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
3.4.2 Parameterization and Conditioning . . . . . . . . . . . . . . . . . . 68
3.4.3 Bellman Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
3.4.4 Recursive Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
3.4.5 Number of Different Subcalls and Overall Complexity . . 69

3.5 Exon Assembly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
3.5.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
3.5.2 Parameterization and Conditioning . . . . . . . . . . . . . . . . . . 70
3.5.3 Bellman Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
3.5.4 Recursive Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
3.5.5 Number of Different Subcalls and Overall Complexity . . 72
3.5.6 Preprocessing of Simple Terms . . . . . . . . . . . . . . . . . . . . . . 72
3.5.7 Parallel Computation of Recursive Terms . . . . . . . . . . . . . 72

3.6 RNA Structure Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
3.6.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
3.6.2 Parameterization and Conditioning . . . . . . . . . . . . . . . . . . 74
3.6.3 Recursive Solution and Bellman Principle . . . . . . . . . . . . 74
3.6.4 Number of Different Subcalls and Overall Complexity . . 75
3.6.5 Variation: Free Energy Minimization . . . . . . . . . . . . . . . . . 76

3.7 Viterbi Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
3.7.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
3.7.2 Parameterization and Conditioning . . . . . . . . . . . . . . . . . . 83
3.7.3 Bellman Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
3.7.4 Recursive Computation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
3.7.5 Counting and Overall Complexity . . . . . . . . . . . . . . . . . . . 84

3.8 Baum-Welch Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
3.8.1 Problem Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
3.8.2 A Couple of Important ‘Variables’ . . . . . . . . . . . . . . . . . . . 84
3.8.3 Computing Forward Variables . . . . . . . . . . . . . . . . . . . . . . . 85
3.8.4 Computing Backward Variables . . . . . . . . . . . . . . . . . . . . . 85
3.8.5 Computing Transition Variables . . . . . . . . . . . . . . . . . . . . . 85
3.8.6 Computing State Variables . . . . . . . . . . . . . . . . . . . . . . . . . 85
3.8.7 Model Improvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

3.9 Expressiveness of Viterbi Equations . . . . . . . . . . . . . . . . . . . . . . . . 86
3.10 Lifted Phylogenetic Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

3.10.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
3.10.2 Parameterization and Conditioning . . . . . . . . . . . . . . . . . . 92
3.10.3 Bellman Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
3.10.4 Recursive Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
3.10.5 Counting and Overall Complexity . . . . . . . . . . . . . . . . . . . 93
3.10.6 Preprocessing of Simple Terms . . . . . . . . . . . . . . . . . . . . . . 93

3.11 Protein Threading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
3.11.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
3.11.2 Parameterization and Conditioning . . . . . . . . . . . . . . . . . . 94



XVI Contents

3.11.3 Bellman Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
3.11.4 Recursive Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
3.11.5 Counting and Overall Complexity . . . . . . . . . . . . . . . . . . . 95

3.12 Bibliographic Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

4 Intelligent Data Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
4.1 Representation Matters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

4.1.1 Intelligent Data Structures Used in Computer Science . . 97
4.1.2 Covering a Truncated Board . . . . . . . . . . . . . . . . . . . . . . . . 97
4.1.3 Choose Three Bits and Win . . . . . . . . . . . . . . . . . . . . . . . . 98
4.1.4 Check a Proof . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

4.2 PQ-Trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.2.1 Basic Notions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
4.2.2 Transformation rules for marked PQ-Trees . . . . . . . . . . . . 103

4.3 Suffix Trees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
4.3.1 Outline of Ukkonen’s Algorithm and Basic Procedures . 111
4.3.2 Insertion Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
4.3.3 Saving Single Character Insertions . . . . . . . . . . . . . . . . . . . 115
4.3.4 Saving Navigation Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
4.3.5 Estimation of the Overall Number of Visited Nodes . . . . 117
4.3.6 Ukkonen’s Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
4.3.7 Common Suffix Tree for Several Strings . . . . . . . . . . . . . . 123
4.3.8 Applications of Suffix Trees . . . . . . . . . . . . . . . . . . . . . . . . . 124

4.4 Least Common Ancestor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
4.4.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
4.4.2 Least Common Ancestor in Full Binary Trees . . . . . . . . . 131
4.4.3 Least Common Ancestor in Arbitrary Trees . . . . . . . . . . . 135

4.5 Signed Genome Rearrangement . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
4.5.1 Reality-Desire Diagrams of Signed Permutations . . . . . . 144
4.5.2 ”‘Ping-Pong”’ of Lower and Upper Bounds . . . . . . . . . . . 148
4.5.3 Padding RD-Diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
4.5.4 Sorting Padded Good Components . . . . . . . . . . . . . . . . . . 161
4.5.5 Summary of the Sorting Procedure . . . . . . . . . . . . . . . . . . 164

4.6 Bibliographic Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

5 NP-Hardness of Core Bioinformatics Problems . . . . . . . . . . . . 167
5.1 Getting Familiar with Basic Notions of Complexity Theory . . . 167
5.2 Cook’s Theorem: Primer NP-Complete Problem . . . . . . . . . . . . . 171
5.3 “Zoo” of NP-Complete Problems . . . . . . . . . . . . . . . . . . . . . . . . . . 175
5.4 Bridge to Bioinformatics: Shortest Common Super-Sequence . . 188
5.5 NP-Completeness of Core Bioinformatics Problems . . . . . . . . . . 198

5.5.1 Multiple Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
5.5.2 Shortest Common Superstring . . . . . . . . . . . . . . . . . . . . . . 201
5.5.3 Double Digest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
5.5.4 Protein Threading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204



Contents XVII

5.5.5 Bi-Clustering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
5.5.6 Pseudoknot Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
5.5.7 The Picture of Presented Reductions . . . . . . . . . . . . . . . . . 213
5.5.8 Further NP-Complete Bioinformatics Problems . . . . . . . . 213

5.6 Bibliographic Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

6 Approximation Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
6.1 Basics of Approximation Algorithms . . . . . . . . . . . . . . . . . . . . . . . 217

6.1.1 What is an Approximation Algorithm? . . . . . . . . . . . . . . . 217
6.1.2 First Example: Metric Travelling Salesman . . . . . . . . . . . 217
6.1.3 Lower and Upper Bounding . . . . . . . . . . . . . . . . . . . . . . . . . 218
6.1.4 What are Approximation Algorithms good for? . . . . . . . 219

6.2 Shortest Common Superstring Problem . . . . . . . . . . . . . . . . . . . . 221
6.2.1 Feasible Lower Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
6.2.2 Cycle Covers Related to Perfect Matchings Problem . . . 222
6.2.3 Computing Maximum Cost Perfect Matchings . . . . . . . . 223
6.2.4 Cycle Cover Versus Cyclic Covering by Strings . . . . . . . . 225
6.2.5 Some Combinatorial Statements on Cyclic Covering . . . 226
6.2.6 4-Approximation Algorithm . . . . . . . . . . . . . . . . . . . . . . . . 228
6.2.7 Putting Things Together . . . . . . . . . . . . . . . . . . . . . . . . . . . 229

6.3 Steiner String . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
6.3.1 Problem Restated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
6.3.2 Feasible Lower Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
6.3.3 2-Approximation Algorithm . . . . . . . . . . . . . . . . . . . . . . . . 231

6.4 Phylogenetic Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232
6.5 Multiple Alignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234

6.5.1 Feasible Lower Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234
6.5.2 2-Approximation Algorithm . . . . . . . . . . . . . . . . . . . . . . . . 235

6.6 Sorting Unsigned Genomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
6.6.1 Feasible Lower Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236
6.6.2 4-Approximation Algorithm . . . . . . . . . . . . . . . . . . . . . . . . 237
6.6.3 2-Approximation Algorithm . . . . . . . . . . . . . . . . . . . . . . . . 239

6.7 HP-Model Protein Structure Prediction . . . . . . . . . . . . . . . . . . . . 243
6.7.1 Feasible Upper Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
6.7.2 Asymptotic 4-Approximation Algorithm . . . . . . . . . . . . . . 245

6.8 Bibliographic Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

7 A Selection of Metaheuristics and Various Projects . . . . . . . . 249
7.1 Multi-Layer Perceptron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

7.1.1 Architecture of Multi-Layer Perceptrons . . . . . . . . . . . . . . 250
7.1.2 Forward Propagation of Input Signals . . . . . . . . . . . . . . . . 251
7.1.3 Input and Output Encoding . . . . . . . . . . . . . . . . . . . . . . . . 251
7.1.4 Backpropagation of Error Signals . . . . . . . . . . . . . . . . . . . . 252
7.1.5 Tuning Backpropagation . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
7.1.6 Generalization and Overfitting . . . . . . . . . . . . . . . . . . . . . . 253



XVIII Contents

7.1.7 Application to Secondary Structure Prediction . . . . . . . . 254
7.1.8 Further Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254

7.2 Support Vector Machines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
7.2.1 Architecture of Support Vector Machines . . . . . . . . . . . . . 255
7.2.2 Margin Maximization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
7.2.3 Primal Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
7.2.4 Dual Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
7.2.5 Kernel Function Trick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
7.2.6 Generalization and Over-Fitting . . . . . . . . . . . . . . . . . . . . . 260
7.2.7 Application to Contact Map Prediction . . . . . . . . . . . . . . 261
7.2.8 Soft Margin Maximization . . . . . . . . . . . . . . . . . . . . . . . . . . 263
7.2.9 Semi-Supervised Support Vector Machines . . . . . . . . . . . . 264

7.3 Hidden Markov Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
7.3.1 Architecture of Hidden Markov Models . . . . . . . . . . . . . . . 266
7.3.2 Causes and Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266
7.3.3 Bioinformatics Application: CG Islands . . . . . . . . . . . . . . 268
7.3.4 Further Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269

7.4 Genetic Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
7.4.1 Basic Characteristics of Genetic Algorithms. . . . . . . . . . . 269
7.4.2 Application to HP-Fold Optimization . . . . . . . . . . . . . . . . 271
7.4.3 Further Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272

7.5 Ant Colony Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
7.5.1 Basic Characteristics of Ant Colony Algorithms . . . . . . . 273
7.5.2 Application to HP-Fold Optimization . . . . . . . . . . . . . . . . 275
7.5.3 Further Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276

7.6 Bibliographic Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


