A graph-based approach to Knowledge Representation

Marie-Laure Mugnier LIRMM, France mugnier@lirmm.fr http://www.lirmm.fr/~mugnier/

February 26, 2003

Abstract

This paper presents an approach to knowledge representation and reasoning based on labeled graphs. The formalism is mainly based on the conceptual graphs introduced by Sowa. However, we emphasize the graph structure of conceptual graphs, while keeping logically founded reasonings. The basic notion to do reasoning is labeled graph homomorphism.

Contents

1 Introduction 3 1.1 Knowledge Representation and Reasoning . . . . . . . . . . . 3 1.2 Conceptual Graphs . . . . . . . . . . . . . . . . . . . . . . . . 6 1.3 A graph-based approach to KR . . . . . . . . . . . . . . . . . 9 1.4 CGs and DLs . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 1.5 Paper Organization . . . . . . . . . . . . . . . . . . . . . . . . 17

2 Basic Notions: the Simple Graphs Model 17 2.1 The descriptive level . . . . . . . . . . . . . . . . . . . . . . . 18 2.2 Logical Semantics . . . . . . . . . . . . . . . . . . . . . . . . . 23 2.3 Reasoning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 2.3.1 Comparing node labels . . . . . . . . . . . . . . . . . . 24 2.3.2 Elementary rules . . . . . . . . . . . . . . . . . . . . . 26 2.3.3 Projection . . . . . . . . . . . . . . . . . . . . . . . . . 28 2.4 Equivalence with the FOL(∧, ∃) fragment . . . . . . . . . . . 29

2.4.1 Soundness and completeness of graph operations . . . 29 2.4.2 Equivalence with FOL(∃, ∧) . . . . . . . . . . . . . . 31 2.5 Structure of the specialization relation . . . . . . . . . . . . . 33 2.6 Representational extensions . . . . . . . . . . . . . . . . . . . 34 2.6.1 Co-reference links . . . . . . . . . . . . . . . . . . . . 35 2.6.2 Nested Graphs . . . . . . . . . . . . . . . . . . . . . . 41 2.7 Complexity of reasonings . . . . . . . . . . . . . . . . . . . . 49 2.7.1 Complexity of basic problems . . . . . . . . . . . . . . 49 2.7.2 Projection as a graph homomorphism . . . . . . . . . 50 2.7.3 Tree-like SGs: first results . . . . . . . . . . . . . . . . 51 2.7.4 Equivalence with other well-known problems . . . . . 56 2.7.5 Gathering complexity results . . . . . . . . . . . . . . 61

3 Rules 65 3.1 Rules as bicolored graphs . . . . . . . . . . . . . . . . . . . . 66 3.2 Forward chaining . . . . . . . . . . . . . . . . . . . . . . . . . 67 3.3 Backward chaining . . . . . . . . . . . . . . . . . . . . . . . . 69 3.4 Rules as couples of lambda abstractions . . . . . . . . . . . . 71 3.5 Decidability and complexity . . . . . . . . . . . . . . . . . . . 73

4 Constraints 76 4.1 Positive and negative constraints . . . . . . . . . . . . . . . . 76 4.2 Translation to FOL. . . . . . . . . . . . . . . . . . . . . . . . 79 4.3 Complexity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

5 Conceptual graphs and first-order logics 82 5.1 Full CGs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 5.2 A sound and complete procedure for full CGs . . . . . . . . . 88 5.3 Atomic negation . . . . . . . . . . . . . . . . . . . . . . . . . 90 5.4 The loosely guarded fragment . . . . . . . . . . . . . . . . . . 92

6 Ongoing work: combining rules and constraints 94 6.1 The SRC model . . . . . . . . . . . . . . . . . . . . . . . . . 94 6.2 The SEC model . . . . . . . . . . . . . . . . . . . . . . . . . . 96 6.3 The most general model: SREC . . . . . . . . . . . . . . . . . 97 6.4 Decidability/complexity of models combining rules and constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 6.5 The SG family . . . . . . . . . . . . . . . . . . . . . . . . . . 99

7 Appendix: Classical definitions about graphs and orders 101