Contents

1

Introduction ...... ... .. ... . . . 1

Part I Paradigms, Constraints, and Multiparadigm Programming

2

Basic Notions. ........ . . i 9
2.1 Signatures and Y-structures ............ .. ... L. 9
2.2 Terms, formulae, and validity ............ ... ... ... ..... 10
2.3 Substitutions and unifiers....... ... ... o oo o 14
Programming Languages and Paradigms.................. 17
3.1 Programming languages and compilation .................. 17
3.2 Programming paradigms . ............ . 20
3.2.1 Imperative and declarative languages ............... 20
3.2.2  Procedural and object-oriented languages............ 23
3.2.3 Functional programming languages ................. 24
3.2.4 Logic programming languages . ..................... 26
3.2.5 Constraint-based programming languages............ 31
3.2.6 Sequential, concurrent, and parallel languages . ... .... 32
3.2.7 Languages of further paradigms .................... 33
Constraints . ....... ... ... 35
4.1 Constraints and constraint systems .......... ... ... .. ... 35
4.1.1 Linear arithmetic constraints ...................... 36
4.1.2 Finite domain constraints ................... ... ... 37
4.2 Constraint solvers ......... .. . .. 39
4.3 Constraints as language constructs. .......... ... ... ... ... 43
4.3.1 Constraint abstractions ........................... 43
4.3.2 Tell-constraints for constraint propagation ........... 45
4.3.3 Ask-constraints for process coordination............. 45
4.3.4 Computing solutions . ......... ... .. .. ... ... ... 47
4.4 Constraint-based applications ............ ... ... ... ... ... 49



Contents

Multiparadigm Constraint Programming Languages ...... 53
5.1 Language integration and programming libraries............ 54
5.2  Constraint logic programming (CLP) ..................... 55
5.3 Concurrent constraint logic programming (CCLP) .......... 61
5.4 Functional logic programming (FLP)...................... 65
5.5 Constraint functional logic programming (CFLP)........... 67
5.6 Constraint imperative programming (CIP)................. 69

5.6.1 The Turtle family for CIP ...... ... .. ... .. ...... 71

5.6.2 Constraints as objects. ......... ... .. ... ... 73
5.7 Further constraint-based paradigms............... .. ... ... 74

Part II Case Studies

6

Concurrent Constraint Functional Programming with

COF L. o 81
6.1 Programming with CCFL ...... .. .. ... .. .. ... ..... 81
6.1.1 Functional programming ............. ... ... ...... 82
6.1.2 Freevariables .......... .. .. .. .. i 82
6.1.3 Constraint programming .......................... 83
6.2 SYNAX ..ot 86
6.3 Semantics . ... ... 90
6.4 Compiling CCFL into LMNTAL .......... .. ... ... ..... 101
6.4.1 LMNTAL. ..o e 101
6.4.2 The structure of the compiler ...................... 104
6.4.3 The syntactic and semantic analyses ................ 105
6.4.4 Encoding CCFL into LMNTAL .................... 106
6.5 Parallel programming with tCCFL.......... .. ... ... ... 114
6.6 Integration of external constraints into CCFL ............. 117
6.6.1 External tell-constraints........................... 117
6.6.2 External ask-constraints............... .. .. .. ... .. 119
6.6.3 Evaluation of external constraints .................. 120
6.7 Conclusion and related work ........... ... ... ... .. ...... 121

A Generic Framework for Multiparadigm Constraint

Programming . ............ .. . 123
7.1 Constraint solver cooperation ............................ 124
7.1.1 The general model....... ... ... ... .. ... ... ... .. 124
7.1.2  Constraint propagation (tell,) ..................... 126
7.1.3 Projection of constraint stores (proj,_,,) - ... ....... 128
714 Anexample ... ... 130
7.1.5 Cooperation strategies ............ ... ... ... ... .. 132
7.2 Language integration ............. ... ... .. .. . ... 133
7.2.1 A logic language as constraint solver ................ 134
7.2.2 A functional logic language as constraint solver ...... 138

7.3 Implementation ........ ... . . .. 141



Contents xi

7.3.1 The architecture of META-S ........ .. ... ... ..... 142

7.3.2 SOIVEIS . ..o 143

7.3.3 The strategy definition framework .................. 148

7.3.4 Performance evaluation ........................... 153

7.4 Conclusion and related work . .......... ... ... ... ... ...... 156

8 Outlook ...... . 159
References . .. ... e 161



2 Springer
http://www.springer.com/978-3-642-17329-5

Multiparadigm Constraint Programming Languages
Hofstedt, P.

2011, Xll, 180 p., Hardcover

ISBM: 978-3-642-17329-5



	Contents

