Summary of the Habilitation Report

Andreas Herzig

september 1998

1 Introduction

1.1 Research topics

My work is on the formalisation of reasoning in logic, and covers a field reaching from knowledge representation to automated reasoning methods. In that perspective I have studied the dynamics of knowledge bases, which is a problem that is essential in AI and more generally in computer science. It includes a large range of topics such as updating databases, generating plans in robotics, and revising beliefs in man-machine dialogues. My approach consists in first of all formally modelling these processes, and then associating automated proof procedures to them.

In all these applications there appear in a natural way the concepts of belief, knowledge, intention, and obligation, as well as that of uncertainty. In logical languages one can associate to each of these concepts an intensional (modal) operator. We obtain thus a family of modal operators that are parametrized by concepts. Thus the modal formula [p]A can be read “agent p knows that A”, “agent p believes that A”, “it is mandatory for agent p that A”, etc.

My general aim is therefore to put beliefs and their dynamics in a unified framework by defining non-classical formalisms that are sufficiently expressive, and to equip them with automated reasoning methods. The classical way of doing this amounts to first of all study separately the non-classical logic associated to each concept, and then integrate several of these logics in a single logic.

Modal logics of knowledge, belief and obligation are part of the classical systems of philosophical logic (v. the work of Hintikka on epistemic logics). Modal operators have as well been associated to actions: the formula [p]A can be read “after the execution of action p, A will be true”. Such actions can be iterated, and a plan then corresponds to a sequence of actions p_1, . . . , pn. Philosophers such as Segerberg have compared the execution of an action to that of a computer program, motivating thus the use of dynamic logic as a logic of actions and plans.

Instead of taking actions to be abstract one can as well study them through their results. An action is thus confused with the set of formulas its execution makes true. Hence the parameter p can be analyzed as do(B), where B is a formula. The modal formula [do(B)]A is read “after making B true, A will be true”, or “after updating by B, A will be true”, or “under hypothesis B, A is true”. The last formula has the form of a conditional, and if we rewrite this using an arrow-like symbol (as usually done for conditionals) then the above formula can be written A ⇒ B where ⇒ (also noted >) is an implication symbol different from material implication → of classical logic. Such conditional logics have been studied in formal philosophy.

Via their link with hypothetical reasoning, conditional logics allow to naturally handle the dynamic aspects of knowledge bases: if C = upd (B, A) is the result of updating belief base B with a new piece of information A, then we have upd(B, A) → C if and only if B → (A ⇒ C)

Thus if we assert a conditional A ⇒ C we want to say that C is the result of a (hypothetical) update by A. This equivalence is known in the literature under the name “Ramsey Test”. Via this test, conditional logics can be applied to analyse and formalise update operations.

In the logical formalisms that I have mentioned several difficulties arise, among which the famous problem of persistence of information through change (the frame problem), which corresponds to the problem of inheritance in nonmonotonic reasoning. More generally this happens in all the formalisms that have been proposed in the literature in order to take into account the dynamics of knowledge bases, such as the formalisms for nonmonotonic reasoning, updating or reasoning about actions. The approaches to solve these problems — which is first of all a problem of knowledge representation — have encountered difficulties both on the model-theoretic level (lack of semantics e.g. of the so-called syntax-based approaches) and on the proof-theoretic level (lack of results on axiomatizability or decidability).

I have based my work on the hypothesis that the difficulties are due to the fact that traditionally in logic it is supposed that the set of atoms of a logical language has no structure, in the sense that everything that is not declared dependent is supposed to be independent. (Note that the contrary is the case in probability theory.) As many authors in the literature have noted, material implication P → Q of classical logic is not sufficient to represent such dependences.

In my work I have introduced dependence structures into logic. My aims are the following:

1. to study this concept in detail in appropriated frameworks (probability theory, possibility theory, theories of causality),

2. to integrate dependence structures into logic,

3. to study the notion of deduction for non-classical logics in general and dependence-based logics in particular,

4. to define generale procedures of automated deduction,

5. to put to work such procedures in applications such as belief base updating, plan generation, or belief reconstruction in man-machine dialogues.

1.2 A chronicle

In my work I have developped both aspects, viz. modelling of belief dynamics and automated deduction. This has been done sometimes in an alternating way and sometimes in parallel.

While my master thesis and the year after were rather about the dynamic aspect, my thesis and the beginnings of my work as a CNRS researcher were mostly devoted to the definition of a general method of automated deduction for non-classical logics. It is recent work that achieved a synthesis of these two activities, based on the key concept of dependence: since 1994 I have dedicated almost all my publications to automated deduction methods for logical systems of the non-classical type that are based on dependence and that formalize and mechanize the dynamics of belief. Finally, very recently I have applied this methodology to man-machine dialogues.

My work throughout these years are in the context of the Applied Logic Group of IRIT headed by Luis Fariñas del Cerro, and a lot of my publications are coauthored by him and other members of the group.

Right from the start I was interested in the relation between belief revision, database update operations, and conditionals. In my 1986 master thesis I have studied a conditional logic where the semantics of the connective ⇒ is that of intuitionistic logic. The results have been taken up again and published in 1996 [Fariñas del Cerro et Herzig, 1996b].

In the beginning of my thesis I have sketched in 1988 a semantics for updates in the framework of a logic of conditionals close to Winslett’s “Possible Models Approach” (PMA) [Fariñas del Cerro et Herzig, 1988]. I have continued to develop this approach from 1992 on. In 1993, the general interest of the French AI community in updates was at the origin of the national project “Gestion de l’evolutif et de l’incertain dans une base de connaissances” (‘Update and uncertainty management in knowledge bases’) gathering researchers coming from AI, databases, and control, which I headed together with Ch. Froidevaux. The results of the group are collected in [Collectif, 1995].

At that time I considered important to investigate the state of the art in the research on conditional logics, and together with G. Crocco and L. Fariñas del Cerro I have started in 1993 the edition of the book “Conditionals: From Philosophy to Computer Science” [Crocco et al., 1995].

Both intuitively and formally there is a strong link between a conditional A ⇒ C and a nonmonotonic inference A |∼ C. I have studied the links between conditional logics and the general properties of nonmonotonic inference relations in collaboration with L. Fariñas del Cerro and J. Lang of the group “Plausible Reasoning, decision and proof methods” of IRIT. Extending a result of Gärdenfors and Makinson we have shown that at the base of both formalisms ther is the very same uncertainty theory, viz. possibility theory. The results have been published first of all at ECAI [Fariñas del Cerro et al., 1992] and then in the AI Journal [Fariñas del Cerro et al., 1994]. The latter paper is part I of the document.

In the sequel I have proposed in [Fariñas del Cerro et Herzig, 1994b, Fariñas del Cerro et Herzig, 1995a] a general framework for updates based on a combination of conditional logic with a dependence relation. Therein, to the axiomatics of conditional logic I add a generic frame axiom that is parametrised by dependence. This axiom takes the form

C → (A ⇒ C) if A and C are independent

and stipulates that if C holds and “has nothing to do” with A, then C continues to hold after updating by A.

In this very framework, I have associated to the PMA an axiomatics [Fariñas del Cerro et Herzig, 1994a, Fariñas del Cerro et Herzig, 1995d, Fariñas del Cerro et Herzig, 1997] and an automated deduction method [Herzig, 1996]. The PMA being subject to criticism for some of its properties, in recent work I have reviewed the corrections that have been proposed in the literature, and I have proposed a dependence-based variation whose theoretical complexity is particularly interesting (in NP) and which I have equiped with a rewriting-based automated deduction procedure [Herzig et Rifi, 1998].

Updates and the relation with conditionals is the theme of an overview paper in the “Handbook of Defeasible Reasoning and Uncertainty Management” [Herzig, to appear] and is part II of the document. In that paper it is shown in particular how starting from the Ramsey Test one can transfer existing results on conditionals to the update frameworks proposed by Katsuno, Mendelzon, Satoh and Grahne. I have also shown how this framework can be generalised following the lines of the literature on conditional logics. The result seems to have interesting philosophical consequences in what concerns the distinction between update and revision usually made in the literature, and I have written a paper on that topic in collaboration with G. Crocco of the departement of philosophy of the University of Konstanz (Germany) [Crocco et Herzig, 1997].

My approach being based on the concept of dependence, since 1993 I have investigated the foundations and properties of that notion. These reflections have also taken place within a working group of the French AI program “Lois, structures et dependances” (LSD) (‘laws, structures and dependences’) that I headed and whose discussions have been published in [Collectif, 1997].

There are at least three options in what concerns the foundations. The first and easiest one is to consider dependence to be a primitive concept, from which e.g. causality can be defined. This option had been chosed in [Fariñas del Cerro et Herzig, 1994b, Fariñas del Cerro et Herzig, 1995a], and it is also the (often implicit) choice in most of the causal approaches in the recent literature on reasoning about actions. An inconvenient of such approaches is that due to the ad hoc character of their dependence notion we get only little ideas about the characteristics and properties of dependence, all the more our intuitions on the subject seem to be not that clear. E.g. should we accept properties such as the ‘Conjunction Criterion for Dependence’ CCD

if C depends on A and C depends on B then C depends on A ∧ B

that has been postulated by J.M. Keynes in 1921 and studied by Gärdenfors? Indeed, none of the approaches mentions such questions that are nevertheless fundamental.

This observation made me study uncertainty-based notions of dependence. Indeed, in probability theory there is a well-known notion of independence defined through the Multiplication Law:

A and B are independent if and only if P (A ∧ B) = P (A) · P (B)

and formal results exist in the literature (in particular an axiomatics). Nevertheless, these formalisations are quite complex and delicate to manipulate. Moreover, as probability theory is a numerical framework, it turned out to be difficult to transfer the associated dependence notion to a logical framework. That motivated my interest in possibility theory, which is an ordinal theory of uncertainty (Gärdenfors and Makinson [Gärdenfors et Makinson, 1994] use the expression “a ‘lazy man’s approximation’ to a probability districution”), and whose ‘founders’ are D. Dubois and H. Prade of the group “Plausible Reasoning, Decision and Proof Methods” of IRIT. Possibility theory can be identified with Gärdenfors’s epistemic entrenchment, which is the base of two important belief dynamics formalisms, viz. AGM belief revision and KLM nonmonotonic inferences. (I had studied the link in [Fariñas del Cerro et al., 1994].) In collaboration with L. Fariñas del Cerro and D. Dubois and H. Prade I have thus undertaken an indepth study of that option, which has permitted us to obtain axiomatics and completenenss results. First of all we directly started from AGM belief revision operations, defining A and C as being dependents w.r.t. a belief base B if C is a consequence of B but not of B − A, where B − A is the contraction of B by A [Fariñas del Cerro et Herzig, 1994c, Fariñas del Cerro et Herzig, 1995c, Fariñas del Cerro et Herzig, 1996a]. In the sequel we have obtained similar results defining directly a notion of possibilistic independence via conditionalisation, i.e. studying the relation between the degree of possibility Π(C) of a formula C and the degree of conditional possibility Π(C|A) [Dubois et al., 1994, Dubois et al., 1997, Dubois et al., 1998]. Part IV of the document contains [Fariñas del Cerro et Herzig, 1996a] and [Dubois et al., 1998].

A third avenue towards the foundation of dependence is given by the notion of topic of interest. Here, inspired by work in computational linguistics and formal philosophy, one considers that to every sentence one can associate a set of topics it is about. E.g. if A means “the switch is up” then the topic of A can be considered to be the position of the switch, the state of the lamp, and the brightness of the room. Two formulas can then said to be independent if they have no topic in common. Such a notion is a priori only a syntactical one. Despite that drawback it has interesting properties when it comes to knowledge representation, and e.g. the CCD is naturally validated. It is due to that simplicity that topic-based dependence has appeared most appropriate to me as the base of a theory of belief dynamics that is both sufficiently rich from a theoretical and expressiveness point of view, and sufficiently simple from a practical point of view, i.e. with ‘reasonable’ computational properties. Therefore I adopted it for the sequel.

Indeed, the variation of the PMA that I have proposed recently in [Herzig et Rifi, 1998] is topic-based (while the formalisations of the PMA that I had studied previously can be seen as based on a particular instance of that). The same holds for an approach to belief base revision whose compatibility with the AGM approach I have studied in [Herzig, 1997].

I have also adopted that foundation from 1995 on in my research on reasoning about actions. Here, topics are associated not only to formulas, but also to actions. For example the action of toggling a switch is associated with the topic of the position of that switch as well as the state of the lamp and the brightness of the room. A formula is then said to be independent of an action if both have no topic in common, and we can thus formulate a generic frame axiom in a way similar to that for conditionals:

C → [p]C if p and C are independent

In collaboration with M. A. Castilho and O. Gasquet I have added to dynamic logic a notion of dependence between actions and formules in order to solve the frame problem. In order to mechanize that logic I have adapted the standard semantic tableaux methods for modal logics in order to take into account dependence relations. This method allows also to generate plans [Castilho et al., 1997b]. A paper extending that work has been submitted to the Journal of Logic and Computation. (After a “accepted subject to modifications”, a corrected version has been resubmitted recently.) This is part III of the document.

It turned out that the tableau method for my modal logic of actions generalizes the existing methods in an interesting way. This observation has allowed us to go far beyond these methods and to handle modal logics for which no deduction method was known up to now, such as those associated to dense or confluent accessibility relations. This approach has been studied in collaboration with M. A. Castilho, L. Fariñas del Cerro and O. Gasquet. It has been published in Fundamenta Informaticae [Castilho et al., 1997a] and is part V of the document. The approach has led us in 1997 to define an ambitious project. Within this project an automated theorem prover has just been implemented that is accessible through Internet.

Our tableau method isdecidable, and is thus an interesting alternative to the translation into classical first-order logic that I had proposed in my thesis and that I had continued to study in a series of papers [Gasquet et Herzig, 1993, Gasquet et Herzig, 1994b, Balbiani et Herzig, 1994, Gasquet et Herzig, 1994a, Gasquet et Herzig, 1995, Gasquet et Herzig, 1996, Gasquet et Herzig, 1996]. All these results are overviewed in the “Handbook of Logic in Artificial Intelligence and Logic Programming” [Fariñas del Cerro et Herzig, 1995b]. The extension of the translation method to action logics augmented with dependence should not present major problems, but has not been undertaken up to now. I have chosen not to include these works in the present document.

2 Perspectives

Having achieved a structuring of belief states via the notion of dependence, I have integrated that notion with two important non-classical frameworks, viz. conditional and dynamic logic. I have been able to associate decision procedures to these formalisms, taking profit of previous work of mine on general methods of automated deduction for non-classical logics.

These were important advances in my research program. Now it is time to on the one hand extend the approach to richer formalisms, and on the other hand to proceed to the next step and to put to work this methodology in the aforementioned applications. These two goals will be pursued in parallel and are expected to interact.

Indeed, the logical frameworks that I have established focus on dynamics and do not integrate operators of belief or intention yet. Such a direction has just been taken in collaboration with L. Fariñas del Cerro, D. Longin and O. Rifi, and the first results are in [Fariñas del Cerro et al., 1998].

As well, the latter paper is about an application that seems particularly promising to me, viz. cooperative man-machine dialogues, where the beliefs of speaker and hearer must be reconstructed after a speech act.

At the origin of the latter application there is an industrial project with France Telecom (since 1997), and it is hoped that the methodology can be extended to more ambitious applications such as the ‘personal agent’.

Références

[Balbiani et Herzig, 1994] Philippe Balbiani et Andreas Herzig. A translation from the modal logic of provability into K4. J. of Applied Non-Classical Logics (JANCL), 4(1):73–78, 1994.

[Castilho et al., 1997a] Marcos A. Castilho, Luis Fariñas del Cerro, Olivier Gasquet, et Andreas Herzig. Modal tableaux with propagation rules and structural rules. Fundamenta Informaticae, 32(3/4):281–297, 1997.

[Castilho et al., 1997b] Marcos A. Castilho, Olivier Gasquet, et Andreas Herzig.

Modal tableaux for reasoning about actions and plans. In Sam Steel et Rachid Alami, editors, European Conference on Planning (ECP’97), number 1348 in LNAI, pages 104–116. Springer Verlag, 1997.

[Collectif, 1995] Collectif. Gestion de l’evolutif et de l’incertain dans les bases de connaissances. In Actes des 5èmes journées nationales du PRC-GDR Intelligence Artificielle, pages 77–122, Nancy, France, February 1995. (Collectif du projet Inter-PRC : N. Bidoit, S. Cerrito, L. Cholvy, M.-O. Cordier, P. Dague, D. Dubois, F. Dupin de Saint-Cyr, D. Fontaine, C. Froidevaux, M. Ghallab, J.-L. Golmard, A. Herzig, J. Lang, F. Lévy, Y. Moinard, O. Papini, H. Prade, C. Sayettat, C. Schwind, L. Travé-Massuyès, R. Valette).

[Collectif, 1997] Collectif. Lois, structures et dépendances. In Actes des sixièmes journées nationales du PRC-GDR Intelligence Artificielle. Hermès, Paris, March 1997. (Groupe PRC “LSD” : S. Benferhat, Ph. Besnard, L. Cholvy, R. Demolombe, D. Dubois, O. Gasquet, J.-L. Golmard, A. Herzig, P. Marquis, Y. Moinard, H. Prade, C. Schwind).

[Crocco et al., 1995] Gabriella Crocco, Luis Fariñas del Cerro, et Andreas Herzig, editors. Conditionals: From Philosophy to Computer Science. Studies in Logic and Computation. Oxford University Press, 1995.

[Crocco et Herzig, 1997] Gabriella Crocco et Andreas Herzig. The Ramsey Test as an inference rule. In Paul Weingartner, Gerhard Schurz, et Georg Dorn, editors, The role of pragmatics in contemporary philosophy: Contributions of the Austrian Ludwig Wittgenstein Society, volume 5, Kirchberg, 1997. Austrian Ludwig Wittgenstein Society.

[Dubois et al., 1994] Didier Dubois, Luis Fariñas del Cerro, Andreas Herzig, et Henri Prade. An ordinal view of independence with applications to nonmonotonic reasoning. In Ramon Lopez de Mantaras et David Poole, editors, Proc. Int. Conf. on Uncertainty in AI (UAI’94), pages 1855–203, Seattle, 1994.

[Dubois et al., 1997] Didier Dubois, Luis Fariñas del Cerro, Andreas Herzig, et Henri Prade. Qualitative relevance and independence: a roadmap. In Proc. Int. Joint Conf. on Artificial Intelligence (IJCAI-97), pages 62–67, Nagoya, 1997.

[Dubois et al., 1998] Didier Dubois, Luis Fariñas del Cerro, Andreas Herzig, et Henri Prade. Qualitative relevance and independence: a roadmap. In Didier Dubois, Erich P. Klement, et Henri Prade, editors, Fuzzy Sets, Logics and Knowledge Bases, Trends in Logic. Kluwer Academic Publishers, 1998. to appear.

[Fariñas del Cerro et al., 1992] Luis Fariñas del Cerro, Andreas Herzig, et Jerôme Lang. From expectation-based nonmonotonic reasoning to conditional logics. In Bernd Neumann, editor, 10th Eur. Conf. on Artificial Intelligence (ECAI’92), Vienna, pages 314–318. John Wiley & Sons, Ltd., 1992. (final version published in the AI Journal 66:375–393).

[Fariñas del Cerro et al., 1994] Luis Fariñas del Cerro, Andreas Herzig, et Jerôme Lang. Ordering-based nonmonotonic reasoning. Artificial Intelligence Journal (AIJ), 66:375–393, April 1994.

[Fariñas del Cerro et al., 1998] Luis Fariñas del Cerro, Andreas Herzig, Dominique Longin, et Omar Rifi. Belief reconstruction in cooperative dialogues. In Fausto Giunchiglia, editor, Proc. 8th Int. Conf. on Artificial Intelligence: Methods, Systems, Applications (AIMSA’98), Lecture Notes in Artificial Intelligence. Springer Verlag, September 1998.

[Fariñas del Cerro et Herzig, 1988] Luis Fariñas del Cerro et Andreas Herzig.

An automated modal logic for elementary changes. In Ph. Smets, A. Mamdani, D. Dubois, et H. Prade, editors, Non-Standard Logics for Automated Reasoning, pages 63–79. Academic Press, 1988.

[Fariñas del Cerro et Herzig, 1994a] Luis Fariñas del Cerro et Andreas Herzig.

A conditional logic for updating in the possible models approach. In Bernhard Nebel et Leonie Dreschler-Fischer, editors, Proc. 18th German Conf. on Artificial Intelligence (KI’94), number 861 in LNAI, pages 237–247. Springer Verlag, September 1994.

[Fariñas del Cerro et Herzig, 1994b] Luis Fariñas del Cerro et Andreas Herzig.

Interference logic = conditional logic + frame axiom. Int. J. of Intelligent Systems, 9(1):119–130, 1994.

[Fariñas del Cerro et Herzig, 1994c] Luis Fariñas del Cerro et Andreas Herzig.

Possibility theory and independence. In Bernadette Bouchon-Meunier, Ronald R. Yager, et Lotfi A. Zadeh, editors, Proc. International Conference on Information Processing and Management of Uncertainty in Knowledge-Based Systems (IPMU’94), pages 512–517, Paris, june 1994.

[Fariñas del Cerro et Herzig, 1995a] Luis Fariñas del Cerro et Andreas Herzig.

Changements minimaux constructifs. In Jacques Dubucs et François Lepage, editors, Méthodes logiques pour les sciences cognitives, pages 195–204. Hermès, Paris, 1995.

[Fariñas del Cerro et Herzig, 1995b] Luis Fariñas del Cerro et Andreas Herzig.

Modal deduction with applications in epistemic and temporal logic. In Dov Gabbay, Chris J. Hogger, et J. A. Robinson, editors, Handbook of Logic and Artificial Intelligence, volume 4 - Epistemic and Temporal Reasoning, pages 499–594. Oxford University Press, 1995.

[Fariñas del Cerro et Herzig, 1995c] Luis Fariñas del Cerro et Andreas Herzig.

Possibility theory and independence. In Bernadette Bouchon-Meunier, Ronald R. Yager, et Lotfi A. Zadeh, editors, Advances in Intelligent Computing - IPMU’94, Selected Papers, number 945 in LNCS, pages 292–301. Springer Verlag, 1995.

[Fariñas del Cerro et Herzig, 1995d] Luis Fariñas del Cerro et Andreas Herzig.

Revisions, updates, and interference. In André Fuhrmann et Hans Rott, editors, Logic, Action, and Information, pages 189–207. DeGruyter Publishers, Berlin, 1995.

[Fariñas del Cerro et Herzig, 1996a] Luis Fariñas del Cerro et Andreas Herzig.

Belief change and dependence. In Yoav Shoham, editor, Proc. 6th Conf. on Theoretical Aspects of Rationality and Knowledge (TARK’96), pages 147–162. Morgan Kaufmann Publishers, 1996.

[Fariñas del Cerro et Herzig, 1996b] Luis Fariñas del Cerro et Andreas Herzig.

Combining classical and intuitionistic logic, or: intuitionistic implication as a conditional. In Franz Baader et Klaus U. Schulz, editors, Frontiers in Combining Systems (Proc. Int. Workshop FroCoS’96), number 3 in Applied Logic Series, pages 93–102. Kluwer Academic Publishers, 1996.

[Fariñas del Cerro et Herzig, 1997] Luis Fariñas del Cerro et Andreas Herzig.

All other things being equal: on a notion of inertia in conditional logic. In Eva Ejerhed et Sten Lindström, editors, Logic, Action and Cognition - Selection of papers of the Umeå colloquium on dynamic approaches in Logic, Language and Information (UmLLI-93), Trends in Logic, pages 137–148. Kluwer Academic Publishers, 1997.

[Gärdenfors et Makinson, 1994] Peter Gärdenfors et David Makinson. Nonmonotonic inference based on expectation ordering. Artificial Intelligence J., 65:197–245, 1994.

[Gasquet et Herzig, 1993] Olivier Gasquet et Andreas Herzig. Translating inaccessible worlds logic into bimodal logic. In Mike Clarke, Rudolf Kruse, et Serafin Moral, editors, 2nd European Conference on Symbolic and Quantitative Approaches to Reasoning and Uncertainty (ECSQARU 93), (Granada, Spain), volume 747 of Lectures Notes in Computer Science, pages 145–150. Springer Verlag, 1993.

[Gasquet et Herzig, 1994a] Olivier Gasquet et Andreas Herzig. Automated deduction for non-normal modal logics. In Andrews I. Jones et Marek Sergot, editors, 2nd International Workshop on Deontic Logic in Computer Science (DEON’94), pages 136–144. TANO, Oslo, January 1994.

[Gasquet et Herzig, 1994b] Olivier Gasquet et Andreas Herzig. La méthode de traduction fonctionnelle pour les logiques modales. Revue d’Intelligence Artificielle (RIA), 8(2):119–144, 1994.

[Gasquet et Herzig, 1995] Olivier Gasquet et Andreas Herzig. Translationbased deduction methods for modal logics. In B. Bouchon-Meunier, R. R. Yager, et L. Zadeh, editors, Advances in Intelligent Computing - IPMU’94, Selected Papers, number 945 in LNCS, pages 399–408. Springer Verlag, 1995.

[Gasquet et Herzig, 1996] Olivier Gasquet et Andreas Herzig. From classical to normal logics. In Heinrich Wansing, editor, Proof Theory of Modal Logics, number 2 in Applied Logic Series, pages 293–311. Kluwer Academic Publishers, 1996.

[Herzig et Rifi, 1998] Andreas Herzig et Omar Rifi. Update operations: a review. In Proc. Eur. Conf. on Artificial Intelligence (ECAI’98), pages 13–17. John Wiley & Sons, Ltd., August 1998.

[Herzig, 1996] Andreas Herzig. The PMA revisited. In Luigia Carlucci Aiello et Stuart Shapiro, editors, Proc. Int. Conf. on Knowledge Representation and Reasoning (KR’96), pages 40–50. Morgan Kaufmann Publishers, November 1996.

[Herzig, 1997] Andreas Herzig. How to change factual beliefs using laws and independence information. In Dov M. Gabbay, Rudolf Kruse, Andreas Nonnengart, et Hans Juergen Ohlbach, editors, Qualitative and Quantitative Practical Reasoning - First Int. Joint Conf. on Qual. and Quant. Practical Reasoning; ECSQARU-FAPR’97, number 1244 in LNCS, pages 311–321. Springer Verlag, June 1997.

[Herzig, to appear] Andreas Herzig. Logics for belief base updating. In Didier Dubois, Dov Gabbay, Henri Prade, et Philippe Smets, editors, Handbook of defeasible reasoning and uncertainty management, volume ‘Belief change’. Kluwer Academic Publishers, to appear.