Contents

Contents

Abstract .............................................................................................................. 1

Keywords ........................................................................................................... 1

1 Introduction .................................................................................................... 2

2 Constraint Satisfaction Problems ................................................................... 4 2.1 Introduction............................................................................................... 4 2.2 Definition of classical (crisp)CSPs............................................................. 5 2.3 Constraints ................................................................................................ 6 2.4 Partial Constraint Satisfaction.................................................................... 7 2.5 Solving Constraint Satisfaction Problems................................................... 8 2.5.1 Constructive Approaches ................................................................... 8 2.5.1.1 Backtracking .............................................................................. 9 2.5.1.2 Branch and Bound .................................................................... 11 2.5.1.3 Prospective and Retrospective Methods.................................... 12 2.5.2 Repair based Approach .................................................................... 12 2.5.2.1 Tabu Search ............................................................................. 13 2.5.3 Genetic Algorithms.......................................................................... 15 2.6 Conclusion .............................................................................................. 16

3 Fuzzy Constraint Satisfaction Problems ...................................................... 17 3.1 Introduction............................................................................................. 17 3.2 Fuzzy Set Theory .................................................................................... 18 3.2.1 Introduction in Fuzzy Set Theory..................................................... 18 3.2.2 Fuzzy Set Theoretic Operations........................................................ 19 3.2.2.1Equality.................................................................................... 19 3.2.2.2 Inclusion................................................................................... 19 3.2.2.3Complement............................................................................. 19 3.2.2.4Union ....................................................................................... 19 3.2.2.5Intersection............................................................................... 20 3.2.2.6Relation.................................................................................... 20 3.2.2.7Convexity................................................................................. 21 3.3 Possibility Theory.................................................................................... 22 3.4Linguistic Variables................................................................................. 24

Contents ii

3.4.1 Determining membership functions................................................. 25

3.5 Fuzzy Constraints.................................................................................... 27

3.5.1 Aggregating Fuzzy Constraints.................................................... 29

3.5.2Fuzzy Constraints of different importance.................................... 33

3.6Conclusion .............................................................................................. 34

4 Fuzzy Scheduling .......................................................................................... 35

4.1 Introduction............................................................................................. 35

4.2 Definition and Classification of Scheduling Problems............................... 35

5 Production Process Scheduling .................................................................... 38

5.1 Introduction............................................................................................. 38

5.2Constraints in Steel Production Scheduling.............................................. 39

5.3Schedule Construction............................................................................. 41

5.4Conclusion .............................................................................................. 43

6 The *FLIP++ library ..................................................................................... 44

6.1 Introduction............................................................................................. 44

6.2 The FLIP++ library.................................................................................. 46

6.3The ConFLIP++ library........................................................................... 47

6.3.1 Modeling fuzzy constraints withConFLIP++.................................... 47

6.4 The DynaFLIP++ library.......................................................................... 51

6.4.1 Evaluating dynamic constraints......................................................... 53

6.4.2 Conceptional issues withDynaFLIP++............................................. 55

6.4.3 Dynamic constraint satisfaction algorithms....................................... 56

6.5 The DomFLIP++ library.......................................................................... 57

6.6 The OptiFLIP++ library........................................................................... 58

6.7 The other *FLIP++ libraries..................................................................... 58

6.8 Conclusion .............................................................................................. 62

7 CSI(C&F) ...................................................................................................... 63

7.1Introduction............................................................................................. 63

7.2A Tutorial Introduction............................................................................ 65

7.2.1A first example................................................................................. 65

7.2.2Loops, Variables and Arithmetic Expressions................................... 67

7.2.3The FOR-NEXT Statement.............................................................. 70

7.2.4Arrays.............................................................................................. 73

7.2.5Multi-dimensional Arrays................................................................. 75

7.2.6Flow Control with IF-THEN-ELSE ................................................. 76

Contents

7.2.7GOTO and LABEL.......................................................................... 77 7.2.8I/O Facilities..................................................................................... 78 7.2.9The EXIT Statement ........................................................................ 79 7.2.10Recursion....................................................................................... 79 7.2.11Memory Management and Debugging Facilities.............................. 80 7.2.12Constructions for Fuzzy Computation ............................................ 81 7.3Types, Operators, and Expressions .......................................................... 83 7.3.1Variable and Procedure Names......................................................... 83 7.3.2Data Types and Sizes....................................................................... 83 7.3.3Structures ........................................................................................ 85 7.3.4Constants......................................................................................... 85 7.3.5Declarations..................................................................................... 86 7.3.6Arithmetic, Relational, and Logical Operators.................................. 86 7.3.6.1Binary Arithmetic Operators..................................................... 86 7.3.6.2Relational Operators................................................................. 86 7.3.6.3Logical Operators..................................................................... 87 7.3.7The build-in-functions of CSI(C&F)................................................. 87 7.2.7.1unary Functions........................................................................ 87 7.2.7.2n-ary Functions......................................................................... 88 7.3.8Conditional Expressions................................................................... 89 7.4Formal Description of CSI(C&F)............................................................. 90 7.5Fuzzy Computation ................................................................................. 93 7.5.1FUZZYVAR.................................................................................... 93 7.5.2PARAMETERSET .......................................................................... 95 7.5.3OPERATORSET ............................................................................. 97 7.5.4RULESET ....................................................................................... 98 7.5.5FUZZYCOMPARE ........................................................................101 7.5.6FUZZYCONCAT...........................................................................102 7.5.7TABLE...........................................................................................103 7.5.8EVALTREE ...................................................................................104 7.5.9AGGREGATE................................................................................106 7.6 Keywords...............................................................................................108 7.7 An Application Example.........................................................................109

8 Conclusion ...................................................................................................118

9 Bibliography .................................................................................................119 9.1 Annotations to the Bibliography..............................................................119 9.2 References..............................................................................................123