The Role of Automated Deduction in Intellectics

Wolfgang Bibel and Michael Thielscher FG Intellektik, FB Informatik, Technische Hochschule Darmstadt Alexanderstraße 10, D–64283 Darmstadt (Germany) Phone: [49](6151)16-6632, FAX: [49](6151)16-5326 E-mail: fbibel,mitg@intellektik.informatik.th-darmstadt.de

The observation that humans often appear to use a more sophisticated logic than the classical one has sometimes served as an argument against the fundamental role of Automated Deduction in Intellectics. In response to this challenge, a variety of non-classical logics have been developed over the last decade, in order to provide adequate formalisms that cover different aspects of commonsense reasoning. In our talk, we will argue that both classical logic and non-classical derivatives, though different in the details, are based on common grounds. This insight gives rise to the question whether and how calculi originally designed for classical deduction can be adjusted to the various kinds of non-classical logic. We will illustrate such adjusting modifications on the grounds of the connection method [3, 2]. As the two fundamental concepts we will elaborate the one of a connection, which represents the application of the modus ponens rule, and the one of a path, which represents the current assumptions made in the course of a single deductive sequence. For two exemplary aspects of topical interest related to non-classical deduction, namely resource-sensitivity and non-monotonicity, we will point out the refinements and restrictions required for connections and paths in order to cope with these aspects adequately; yet both concepts do remain fundamental.

Resource-sensitivity is an important aspect of reasoning about actions and change [9, 10]. A straightforward use of classical logic lacks the essential property that facts describing a world state may change in the course of time. To overcome this problem, the truth value of a particular fact has to be associated with a particular state. This solution brings on the famous technical frame problem [11]. In [1, 4, 5, 6] we have developed the linear connection method for solving the problem without the need of any so-called frame axioms [11, 8, 7]. Literals here are treated as resources which can be consumed during a deductive sequence. More specifically, in contrast to classical logic a literal on the path has to be removed immediately after it has been engaged in some connection.

The treatment of incomplete information constitutes one of the central problems for complex information systems. This issue was brought to the attention of the Artificial Intelligence community by Minsky [12], who prompted the creation of an area known as non-monotonic reasoning. In our talk, we will consider one of the best known and most-widely used formalisms for default reasoning, namely Reiter’s Default Logic [13], and put it in the context of the connection method. We will discuss an approach which relies on the idea that a default rule can be decomposed into a classical implication along with two qualifying conditions—one accounting for the character of an inference rule and another one enforcing the respective consistency conditions. To this end, we have modified the standard criterion defining a valid proof in the connection method. More specifically, in contrast to classical logic the possibility of connecting two literals is restricted by additional criteria, namely admissibility (to ensure explicit provability of the prerequisite of each applied default) and compatibility (to ensure consistency of the justification of each applied default) [14]. Furthermore, we employ the stability criterion (to ensure validity in every extension) for the case of drawing skeptical conclusions [16, 15].

References

[1] Wolfgang Bibel. A Deductive Solution for Plan Generation. New Generation Computing, 4:115–132, 1986.

[2] Wolfgang Bibel. Deduction: Automated Logic. Academic Press, London, 1993.

[3] Wolfgang Bibel. Automated Theorem Proving. Vieweg, second, revised edition 1987.

[4] Wolfgang Bibel, Luis Fariñas del Cerro, Bertram Fronhöfer, and Andreas Herzig. Plan generation by linear proofs: on semantics. In Proceedings of the German Workshop on Artificial Intelligence, pages 49–62. Springer, Informatik Fachberichte 216, 1989.

[5] Stefan Brüning, Steffen Hölldobler, Josef Schneeberger, Ute Sigmund, and Michael Thielscher. Disjunction in Resource-Oriented Deductive Planning. In D. Miller, editor, Proceedings of the International Logic Programming Symposium (ILPS), page 670, Vancouver, October 1993. MIT Press. (Poster).

[6] Stefan Brüning, Steffen Hölldobler, Josef Schneeberger, Ute Sigmund, and Michael Thielscher. Disjunction in Resource-Oriented Deductive Planning. Technical Report AIDA–94–03, Intellektik, TH Darmstadt, March 1994. Available by anonymous ftp from

130.83.26.1 in /pub/AIDA/Tech-Reports/1994.

[7] Ken Ford and Pat Hayes, editors. Reasoning Agents in a Dynamic World: The Frame Problem. JAI Press, 1991.

[8] Cordell Green. Application of theorem proving to problem solving. In Proceedings of the International Joint Conference on Artificial Intelligence (IJCAI), pages 219–239, Los Altos, CA, 1969. Morgan Kaufmann.

[9] Steffen Hölldobler. On Deductive Planning and the Frame Problem. In A. Voronkov, editor, Proceedings of the International Conference on Logic Programming and Automated Reasoning (LPAR), volume 624 of LNAI, pages 13–29. Springer, July 1992.

[10] Steffen Hölldobler and Michael Thielscher. Properties vs. Resources—Solving Simple Frame Problems. 1995. (Submitted).

[11] John McCarthy and Patrick J. Hayes. Some Philosophical Problems from the Standpoint of Artificial Intelligence. Machine Intelligence, 4:463–502, 1969.

[12] Marvin Minsky. A framework for representing knowledge. In P. Winston, editor, The Psychology of Computer Vision, pages 211–277. McGraw–Hill, New York, 1975.

[13] Raymond Reiter. A Logic for Default Reasoning. Artificial Intelligence Journal, 13:81–132, 1980.

[14] Aaron Rothschild and Torsten Schaub. A computational approach to default logics. In G. Brewka and C. Witteveen, editors, Dutch/German Workshop on Non-Monotonic Reasoning Techniques and Their Applications, volume 2, pages 1–14, 1993.

[15] Torsten Schaub and Michael Thielscher. Skeptical Query-Answering in Constrained Default Logic. In G. Brewka, editor, Dutch/German Workshop on Nonmonotonic Reasoning, Utrecht, The Netherlands, March 1995. (To appear).

[16] Michael Thielscher and Torsten Schaub. Default Reasoning by Deductive Planning. Journal of Automated Reasoning. Special issue on the automation of commonsense and nonmonotonic reasoning, 1995. (To appear).