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POSSIBILITY THEORY IN DECISION SUPPORT SYTEMS

This paper provides a summary of recent research trends, to which the author has taken part, in order to develop tools for flexible case-based querying, evaluation and information search. The fuzzy set and possibility theory framework offers a unified treatment of these issues. Other related research directions are also briefly mentioned.

INTRODUCTION

The interest of fuzzy set techniques in fuzzy information engineering has been recently emphasized [START_REF] Dubois | Fuzzy Information Engineering: A Guided Tour of Applications[END_REF]Dubois and Prade, 1999). Three main components have been distinguished in information engineering, which aim respectively at i) putting the information in an improved format by enhancing, structuring or summarizing it; ii) making it available for the user, either by retrieving it, or by obtaining it through reasoning machineries applied to the available knowledge and factual information; iii) exploiting the information in solving fuzzy constraint satisfaction or optimization problems. The usefulness in information engineering of fuzzy sets and possibility theory [START_REF] Zadeh | Fuzzy sets as a basis for a theory of possibility[END_REF], greatly relies on their ability to provide formats for representing gradual notions such as similarity, preference, and uncertainty which play a basic role in information handling (Dubois and Prade, 1997).

In order to help a user to prepare or to make a decision, information engineering systems, and more particularly decision support systems should offer a variety of functionalities, such as: -selecting items on the basis of user's preferences; -estimating plausible values, or providing recommendations by reasoning from cases or general knowledge; -merging, or summarizing information.

In the following, some fuzzy set and possibility theory-based techniques, to the development of which the author has taken part, and which provides such functionalities are briefly surveyed. The next two sections deal respectively with flexible and case-based querying. Then, a possibilistic approach to case-based prediction and decision on the one hand, and data summarization using fuzzy cardinalities on the other hand are the topics of the last two main sections. The conclusion briefly points out some researches on related issues and an experimental work implementing the above-mentioned ideas.

FLEXIBLE QUERIES

One of the main benefits of allowing for flexible queries is to take into account user's preferences. This has been advocated at length in the fuzzy database literature (e.g., Bosc and Kacprzyk, 1995;[START_REF] Petry | Fuzzy Databases: Principles and Applications[END_REF]; see [START_REF] Bosc | Some approaches for relational databases flexible querying[END_REF] for a unified presentation in the fuzzy set framework of existing proposals for handling flexible queries.

More precisely, the interest of fuzzy queries is twofold: -i) Indeed fuzzy set membership functions [START_REF] Zadeh | Fuzzy sets[END_REF]) are a convenient tool for modeling user's preference profiles. For instance, "he/she is looking for an apartment which is not too expensive and not too far from downtown". In such a case, there does not exist a definite threshold for which the price becomes suddenly too high, but rather we have to differentiate between prices which are perfectly acceptable for the user, and other prices, somewhat higher, which are still more or less acceptable (especially if the apartment is close to downtown). Obviously, the meaning of vague predicate expressions like "not too expensive" is context/user dependent, rather than universal. It reflects the own point of view of the user. So the user's intended meaning of such linguistic expressions has to be elicitated. On ordered attribute domains, it can be easily done in terms of areas of (non-ambiguous) values which are found fully acceptable, or which are fully rejected by the user, the other areas corresponding to gradual transitions of the possibility levels.

-ii) Fuzzy queries, by expressing user's preferences, provide the necessary information in order to rank-order the answers contained in the database according to the degree to which they satisfy the query. It contributes to avoid empty sets of answers when the queries are too restrictive, as well as large sets of answers without any ordering when queries are too permissive.

The large panoply of fuzzy set connectives can capture the different user's attitude concerning the way the criteria present in his/her query compensate or not. Moreover in a given query, some part of the request may be less important to fulfill; this leads to the need for weighted connectives. Thus, an assessment of the importance of the (soft) constraints involved in a request can be taken into account. Especially, using a min-based conjunction, several types of importance weighting, having different semantics can be used; see, e.g., [START_REF] Dubois | Extended divisions for flexible queries in relational databases[END_REF]. Besides, min-based aggregation may lead to a ranking of retrieved items that is insufficiently discriminating because it relies on the comparison of the least satisfied requirements. Indeed min-based aggregation is often criticized for its lack of sensitivity to the change of the arguments. However refinements of the min operator have been proposed, namely the discrimin and the leximin orderings (Dubois et al., 1997), which have not this drawback while remaining compatible with a qualitative handling of the satisfaction levels.

A basic issue underlying flexible querying, and more generally decision problems, is the modeling of preferences. The possibilistic logic framework enables the expression of preferences in various formats, which are indirect ways of specifying a possibility distribution over a referential of possible choices. Indeed, preferences can be expressed in terms of prioritized goals, of sets of possible choices reaching the same satisfaction level, or in terms of conditional statements referring to contexts; see (Benferhat et al., 2001).

More recently, the interest of a bidirectional possibilistic logic setting for distinguishing between positive preferences and negative preferences has been emphasized (Benferhat et al., 2002). Both types of preferences may be a matter of degree, but negative preferences refer to values, to choices, which are rejected by the user (this defines by complementarity what is acceptable for him/her), while positive preferences refer to wishes to be satisfied if possible. Taking a solution in the set of non-rejected possible choices is compulsory, but preference should be given, in the previous set, to solutions having the highest positive appraisal. These ideas can be applied to flexible queries also. For example, imagine that the user is looking for an apartment which is on the one hand "not too expensive and not too far from downtown" (this corresponds to the negative preferences since an apartment which is too expensive, or, too far should be rejected), and on the other hand "preferably on the first floor and quite large" (these are the positive preferences). Positive and negative preferences should be handled separately. Obviously positive preferences should be consistent with acceptable, i.e. non-rejected choices. This means that the fuzzy set of possible choices satisfying the positive requirements should be revised in order to having it included in the fuzzy set of acceptable choices. For example, an expensive first floor apartment has not to be retrieved for the user. Note also that the requirements issued from negative preferences have to be combined conjunctively (they are constraints in essence). By contrast, positive requirements are more liable to be combined disjunctively, using leximax for instance (since it is obviously better to satisfy several positive requirements rather than one), or to be combined by means of compensatory operators.

QUERYING BY EXAMPLES

The user is not always able to easily express his request even in a flexible way. First, it may be more convenient for him to express what he is looking for from examples. Second, since he may have absolutely no a priori knowledge of the amount of retrievable documents (for a given request), it may be useful if the system is able to guide him about what exists, by incrementally building queries from examples. Querying based on examples, for eliciting user's preferences, can provide the necessary information for building a query. Thus, the user may say to what extent a few examples of items are representative of what he is looking for by using some (finite) similarity scale. Then, relevance of stored items should be evaluated in terms of their similarity with respect to these examples and may be counter-examples. We are then close to fuzzy case-based reasoning.

Suppose examples as well as counter-examples are described in terms of precisely known attribute values. These attributes are assumed to be relevant and sufficient for describing their main features from a user's point of view. Then a request looking for the items, which are similar to, at least one example (w.r.t. all the attributes) and which are dissimilar to all the counter-examples (each time w.r.t. at least one attribute). Moreover we can take into account the extent to which each example or counter-example is highly representative, and the importance of the (relevant) attributes. Thus, the more similar an item t is w.r.t. (at least) a representative example and the more dissimilar t is w.r.t. all representative counter-examples, the more possible t is eligible for the user. This evaluation might be also improved by requiring the similarity of t with most examples only (see, e.g., [START_REF] Dubois | Weighted fuzzy pattern matching[END_REF] for the introduction of a soft quantifier in a weighted min expression).

Suppose for simplicity that all the importance and representativeness weights are equal, the items t are then rank-ordered in terms of the function m(t) = min[max j min i S i (a i (t), a ij ), min k max i 1-S i (a i (t) ,b ik )],

where a i (t) is the value of attribute i for item t, a ij is the value of attribute i for example j, b ik the value of attribute i for counter-example k, where S i is a fuzzy similarity relation on the attribute domain of i (S i is supposed to be reflexive and symmetrical). Clearly, S i ( . , a ij ) defines a fuzzy set of values close to a ij , while 1-S i ( . , b ik ) defines a fuzzy set of values not similar to b ik , for each attribute i (it may be replaced by a smaller fuzzy set of values significantly different from b ik ). Thus this expression also provides the starting point for generating a description of the documents which are looked for. This description may then be used for interface needs with the user. Indeed, letting t unspecified in the expression, it defines a compound fuzzy set expression, which can be logically analysed. Besides, we may think of hybrid queries made of examples and of classical (fuzzy) restrictions expressing what attribute values are undesirable. See [START_REF] Dubois | Fuzzy logic techniques in multimedia database queyring: A preliminary investigation of the potentials[END_REF] for more details and discussions.

CASE-BASED PREDICTION AND DECISION

Case-based reasoning, in general, assumes the following implicit principle: "similar situations may give similar outcomes". Thus, a similarity relation S between problem descriptions or situations, and a similarity measure T between outcomes are needed. This implicit CBRprinciple can be expressed in the framework of fuzzy rules as, "the more similar are the values of the situation attributes in the sense of S, the more possible the similarity of the values of the outcome attributes in the sense of T" [START_REF] Dubois | Fuzzy set modelling in case-based reasoning[END_REF]. Given a situation s 0 associated to an unknown outcome t 0 and a current case (s, t), this principle enables us to conclude on the possibility of t 0 being equal to a value similar to t. This acknowledges the fact that, often in practice, a database may contain cases which are rather similar with respect to the problem description attributes, but which may be distinct with respect to outcome attribute(s). This emphasizes that case-based reasoning can only lead to cautious conclusions. This can be modeled in terms of the possibility rule [START_REF] Dubois | What are fuzzy rules and how to use them[END_REF] "the more similar s and s 0 , the more possible t and t 0 are similar". Then the fuzzy set of possible values t' for t 0 with respect to case (s, t) is given by π t 0 (t') = min(S(s, s 0 ), T(t, t')).

As it can be seen, what is obtained is the fuzzy set T(t, . ) of values t' which are T-similar to t, whose possibility level is upper bounded by the global degree S(s, s 0 ) of similarity of s and s 0 . The max-based aggregation of the various contributions obtained from the comparison with each case (s, t) in the memory M of cases, acknowledges the fact that each new comparison may suggest new possible values for t 0 . Thus, we obtain the following fuzzy set E s 0 of possible values t' for t 0 : E s 0 (t') = max (s, t)∈M min(S(s, s 0 ), T(t, t')).

Note that this latter expression can be put in parallel with the evaluation of a flexible query. Indeed here a situation is described in terms of a collection of attributes, and here we are looking for cases, which are constrained to be similar to s 0 w.r.t. the attributes. But rather than exhibiting the fuzzy set of cases similar to s 0 , we produce the fuzzy set of the fuzzy sets of values similar to the t-attribute values of these cases (a level 2 fuzzy set reduced here to an ordinary fuzzy set by performing the union of the fuzzy sets of similar values). See [START_REF] Dubois | Flexible control of case-based prediction in the framework of possibility theory[END_REF] for more details and a comparative discussion with other approaches to instance-based prediction.

The above framework can be adapted into a case-based decision machinery. If the memory of cases stores a set of triples of the form (situation, decision, result), and the space of situations is equipped with a fuzzy similarity relation, then a good decision in a situation s 0 is a decision which led to good results in all the situations similar to s 0 in the past. The requirement on 'all the situations' may be relaxed into 'most situations', or even into 'at least one situation', moving from a pessimistic to an optimistic attitude; see (Dubois and Prade, 2001). This is the possibilistic counterpart of a proposal originally made by [START_REF] Gilboa | Case-based decision theory[END_REF] in a sum/product setting.

The expression of preferences is not the only motivation underlying the use of fuzzy sets. The use of a fuzzy label may be rather a way for avoiding to refer to a precise category with arbitrary boundaries. In an evaluation process, this may enable us to check if a result does not vary too much with the slightly different possible crisp interpretations of a considered fuzzy label, and if there is some brittleness of the result with respect to these different interpretations. This idea applies, for instance, in the following data summarization method from a database, in terms of fuzzy association rules [START_REF] Bosc | Fuzzy summarization of data using fuzzy cardinalities[END_REF].

A set of a (small) number of attributes of interest is supposed to be chosen. The idea is to figure out to what extent one of the attributes (say the "output attribute" B) is influenced by the others (called "input attributes" A i ). Each of the input attribute domain are supposed to be equipped with a fuzzy partition made of a relatively small number (2 to 5) of fuzzy sets A ij or B k respectively. These fuzzy partitions are supposed to be meaningful for the user and/or to be in agreement with the way the attribute values are scattered. For a given tuple (A 1j ,..., A nj, B k ), we compute the fuzzy cardinalities of the set of items of the database which are "A 1j and ... and A nj and B k " , and of the set of items which are "A 1j and ... and A nj ". From which the fuzzy-valued confidence and support of the fuzzy association rule "if x is A 1j and ... and A nj then x is B k " can be easily obtained. In order to obtain interesting association rules, the B k are not chosen beforehand, but on the basis of the possibilistic case-based reasoning machinery presented in Section 4, which after a small adaptation, can provide the fuzzy set F of possible output values for a class of situations described in terms of labels A ij of the fuzzy partitions of the input attributes. Then B k can be taken as F, or of a subpart of F if F is too large or not convex.

Thus, what can be obtained is a set of fuzzy association rules summarizing a database, in terms of the labels of the fuzzy partitions of the input attribute domains, and in terms of fuzzy sets of the output attribute domains computed by means of the possibilistic case-based prediction method. The interest of computing fuzzy cardinalities (and thus fuzzy confidence and fuzzy support degrees) is to figure out if the confidence in a considered fuzzy association rule varies, or not, with the understanding of the involved fuzzy labels.

When querying a database, the user may have intricate goals in mind: retrieving items corresponding to some requirements, referring to similar cases, using stored data for prediction purposes, trying to figure out range of attribute values for classes of items, looking for rules summarizing the data in order to have a better understanding of the contents of the database. In all these operations flexibility can be introduced with profit. The ideas briefly surveyed in this overview are illustrated on the website http://www.irit.fr/PRETI using a database describing houses to be rent; see also [START_REF] De Calmes | A fuzzy approach to flexible case-based querying: Methodology and experimentation[END_REF].

This overview has not covered some other issues which may be of interest in decision support systems, and where the fuzzy set and the possibility theory framework offers valuable techniques, especially, for reasoning with fuzzy rules from general knowledge and examples [START_REF] Ughetto | Implicative and conjunctive fuzzy rules-A tool for reasoning from knowledge and examples[END_REF], or for merging information (Dubois, Prade and Yager, 1999), and for fusing preferences (Benferhat et al., 2002).

Besides, there has been an increasing interest for recommender systems [START_REF] Resnick | Recommender systems[END_REF] in the last past years. Then fuzzy set-based techniques appear to be promising for providing case-based recommendations, subject to flexible constraints, to a user [START_REF] Yager | Fuzzy logic methods in recommender systems[END_REF][START_REF] Perny | Preference-based search and machine learning for collaborative filtering: the "Film-Conseil" movie recommender system[END_REF][START_REF] Hüllermeier | Case-based recommendation and decision support[END_REF].
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