
Cooperative Answering: a methodology to provideintelligent access to Databases1F.Cuppens R.DemolombeONERA-CERT2 Av. E.Belin, BP3025Toulouse CedexFranceAbstractThe intent of this paper is to present a method to answer question in the same way as aperson do, and not as a machine do. This method, called \Cooperative Answering", is based onthe idea that to provide interesting answers to a query, it is very useful to recognize what are theuser's intentions in asking such a query. The methodology, and its formalization, are presentedin an informal way, using examples. However a precise formalization has been developped inFirst Order Logic, by distinguishing Object level, and Meta level. In this paper we consideronly the semantic aspect of the information, we are not interested on linguistic aspects, such asnatural language representation.1 IntroductionIn the context of traditional applications devoted to the management of a company, like payrollcomputation, people or programs that have to access data in a Database have a very precisede�nition of the data they want to access. This de�nition is, for example, a Relational query, ifthey use a Relational DBMS.There are many other applications where people want to access data in order to take a decision,or to solve a problem whose solution cannot be found applying a simple algorithm. Systems likeDecision Support Systems (DSS), or Advice Giving Systems (AGS), have been designed in orderto help users in this context. An important feature of this context, from the point of view ofdata retrieval, is that users do not have a precise idea of the data which can help them to solve aproblem, or to make a decision.The objective of this paper is to present a methodology, along with its implementation, whichis more relevant in this context than a standard access to a Relational DBMS. This methodologytries to simulate the behaviour of a person who wants to help as much as possible an interlocutorwho asks them a question. That is, to try to understand why this interlocutor asks a particularquestion, and to determine what interesting information, not explicitly requested, he could providehim, in addition to the answer proper. This methodology is called Cooperative Answering.We present examples in the following to illustrate this methodology. Let us consider a personwho wants to organize a trip from Paris to New York and asks the question:1This work was supported by the ESPRIT project ESTEAM-316



What is the departure time of the 
ights from Paris to New York, whose departure time isbetween 7a.m. and 11a.m. ?The answer provided by a standard Relational DBMS is, for example:Flight Departure-timeAF001 10h00AF001 11h00AF015 10h30The answer provided by a person, working in a travel agency, and has a long experience ingiving advice to his clients, could be, for example:Flight Departure-time Departure-city Arrival-cityAF001 10h00 Paris New YorkAF001 11h00 Paris New YorkAF015 10h30 Paris New YorkAF020 10h30 Paris WashingtonSN017 10h00 Brussels New YorkThis answer is not the exact answer, since it contains 
ights whose departure-city is not Paris, orwhose arrival-city is not New York. However an expert in travel knows that, even if the conditionsin the question are not exactly satis�ed by the 
ights AF020 and BA017, these 
ights satisfy aneighbourhood condition, such that the change in the departure-city or arrival-city is small withrespect to the length of the trip. Moreover this expert knows that a client can be interested tohave a larger set of possibilities to select his 
ight, in particular because sometimes it is globallyless expensive to start from another city, or to arrive in another city, because there can be largeprice di�erences between the airlines.It must be noticed that since the conditions in the question have been modi�ed, it is necessaryto provide additional information telling the client which condition(s) is (are) satis�ed by each
ight. That is why it is necessary to indicate, in addition, the departure-city and the arrival-city.Another expert answer could be, for example:Flight Departure-time Arrival-time Validity Works-on PriceAF001 10h00 08h45 01/01 27/09 27,715 FFAF001 11h00 09h45 28/09 31/12 27,715 FFAF015 10h30 14h55 01/01 27/09 1,3,6AF015 10h30 14h55 28/09 31/12 1,3,6,7In this answer the arrival-time is an additional piece of information. This information can beinteresting for a person who is organizing a trip, for example, if he has to make a connection. Thevalidity period indicates why the 
ight AF001 has two di�erent departure times. In the case wherea 
ight is not available every day of the week it is useful to show which days it is. Finally if a 
ightis very expensive it is interesting to tell the client the price, even if he is not usually motivated bythe price (he might be travelling for business purposes). In our example the aircraft correspondingto the 
ight AF001 is the Concorde, and its price is roughly three times the usual price, and it isvery useful to inform the client of that.Let us consider now the other question:



What is the departure time of the 
ights from Paris to Brussels, whose departure time is between7a.m. and 11a.m.?The answer provided by a standard Relational DBMS is, for example:Flight Departure-timeAF638 08h05AF642 09h25The answer provided by an expert might be:Flight Departure-time Arrival-time Price Works-onAF638 08h05 08h55 1850FF 1,2,3,4,5AF642 09h25 10h25 1850FFThe answer could also be:Train Departure-time Arrival-time PriceSNCF281 07h48 10h48 450FFSNCF483 10h08 13h48 450FFThe reason why the expert might suggest taking a train is that the distance from Paris toBrussels is such that Distance (Paris,Brussels) < 400km so there is no important di�erence, withrespect to the duration of the trip, between trains and 
ights. On the other hand, the pricedi�erence is great and the expert, to justify suggesting a train, additionally provides the price oftrains and 
ights.The previous examples have shown the style of answers which could be expected from a systemwhich tries to be as cooperative as possible. From these examples we can induce the type of querytransformation a system has to realize to provide this kind of additional information.These transformations can be presented more easily using the concepts of Entity and Attributeof entity, as in the Entity-Relationship Model [6]. In general the answer to a query provides someattribute values of entities satisfying some conditions. A query can therefore be decomposed intothree parts:� The type of entities wich are expected in the answer. This part is called the \Entity".� The condition which entities of this type must satisfy. This part is called the \Condition".� The attribute of these entities whose values are expected in the answer. This part is called\Retrieved Attributes".Using this query structure the query transformations fall into the three following categories:� Entity transformation: for example when the Entity type Flight is replaced by the Entitytype Train.� Condition transformation: for example when the arrival-city, or the departure-city are chan-ged.� Retrieved Attribute transformation: for example when the arrival-time, or the arrival-city areadded to the list of attribute to be retreived.



Then the additional information provided in the answers falls into the corresponding categories:� Additional entities having a di�erent type than those requested in the query.� Additional entities satisfying \neighbourhood" conditions.� Additional attribute values.Roughly speaking, if answers are considered as tableaux, the extensions to the exact answercan be viewed as an extension of the tableaux in width (additional attribute values) or in height(neighbourhood conditions), or as an extension of the type of the entities which are in the tableaux.One can also remark that an extended answer may be represented by several tableaux havingdi�erent structures.To de�ne the methodology which simulates an expert's behaviour we must �rst understandwhy he chooses to provide certain additional information to the client. That will be presentedin the next section. In the third section we present the concepts and the methodology used toimplement this simulation. The fourth section contains a re�nement of the third in the way offormalization. And the �fth section shows, using examples, how an inference mechanism can derivethe transformed query providing additional relevant information.2 Why provide additional information?It is important in de�ning an e�cient cooperative answering method, to understand the generalreasons why an expert decides to provide such additional information.The basic idea is that when a person asks a question he is not interested in knowing the answerjust to increase his knowledge, but he has the intention of performing some action, and that theanswer contains information necessary or useful for realizing this action. In our example we canassume that the client asks questions about the 
ights not just for the pleasure of knowing thetime tables of the 
ights, but because he has the intention of taking a plane.If we accept the basic idea that there is always an underlying intention behind each question,then the expert who wants to be cooperative must try to recognize this intention, in order todetermine the most appropriate reaction implicitly expected by interlocutor.The problem of how to recognize user's intentions is extensively addressed by researchers indialogue management, or more generally in natural language understanding [13]. Though we areneither concerned here with natural language understanding, nor with dialogue management perse, we can partially reuse the methodology when queries and answers are represented in formallanguages.One method [1, 2] of recognizing user's intentions is to assume that an expert knows a set ofprede�ned sequences of actions, called plans, the clients may want to realize. Then, when a clientasks a question, the expert tries to attach this question to an action. If he succeeds, he thenassumes that the user's intention is to perform this action, and the other actions which belong tothe same plan. For example, if the client asks questions about 
ights, it is assumed that he wantsto take a plane, and another action belonging to the same plan is, for example, to buy a ticket.According to this point of view, the appropriate reaction of the expert is to provide the addi-tional information which can be useful in performing this action or others in the same plan. Thatis why it is useful to provide the price of the ticket, even if it is not explicitly requested.



Generally, the answer to a question can be useful not only in executing a plan, but also to helpin building or modifying a plan. For example, if the person who asks the �rst question wants to goto eastern North America, the extended answer o�ers other possibilities than starting from Parisand arriving in New York. In the second example the person can change his plan and take a traininstead of a plane.3 How do we simulate an expert who provides additionalinformation?If we want to design a system having similar behaviour that of the expert we have to characterizethe kind of knowledge the expert uses, and his type of reasoning. In the followingwe present notionswhich seem to be useful for representing this knowledge.To represent the Data Base contents it is helpful to introduce the Entity-Relationship modelconcepts [6]: Entity type, Attribute of entity,Entity relationship. In addition the conceptsof aggregation and generalization, introduced in the Semantic Data Model [4, 5] are useful fora global representation of the objects a user is interested in. For example, from the Entity typesFlight and Hotel, we could de�ne the Entity type Accomodation. The Entity type Accomodationmay be used to infer that, when a user ask a question about 
ights, it could be interesting forhim to have information about the hotels which are located in the town where he wants to go.The Entity types can be structured with the ISA relation to support similar reasoning than foraggregation. For instance the Entity types Flight and Train are speci�c cases of the Entity typeMeans-of-Travel, and trains may be proposed instead of 
ights because they are also a special caseof means of travel.Moreover to recognize the user's interests we have introduced the concept of Topic, whichcharacterizes a semantic �eld. Topic is more abstract than the notion of Predicate or Relation.Several predicates may be related to the same Topic; for example, the predicates correspondingto the attributes Departure-time and Arrival-time may be related to the topic Time-table. So,when a user asks a question about the Departure-time, the expert can infer that he is interestedby the topic Time-table, and provides the user with the attribute values of the other attributesrelated to this Topic; in this case it is the Arrival-time. Though this type of reasoning is quitecrude, it provides a rough characterization of data which are possibly interesting. In the area ofData Retrieval, topics are sometime called \key-words". The Topics are structured with the ISArelation, like the Entity types.To be able to provide the additional information interesting to a given type of user, it is usefulto have a user's representation. This representation, even if quite trivial, like a set of usertypes, allows a more precise de�nition of interesting information. For example, if we have the usertypes Tourist and Businessman, we can have rules expressing that the ticket price is interestinginformation for a Tourist, while the topic Time-table is an interesting topic for a Businessman.A large part of the expert's knowledge is represented by rules. There are two kinds of rules:those which are independent of a given application domain, and correspond to the expertise inCooperative Answering, in general; and those which depend on the application domain (a travelagency, in our example).Examples of domain independent rules are:



� If the question concerns entities of type E, and it contains a given attribute A, and thisattribute is related to the topic T , then the topic T is interesting in the context of this question� If the topic T1 is interesting for the question, and T2 ISA particular case of the topic T1, thenthe topic T2 is interesting for this questionExamples of domain dependent rules are:� If the user is a Tourist, then Cost is an interesting topic� If the question concerns 
ights, and the 
ight is very expensive, then the attribute Price is arelevant attribute for this questionTo summarize: when an expert wants to be cooperative he can use a user's representation, a setof rules (which may or may not depend on the application domain), and the query, to determinethe interesting topics for a given user; then he can use a high level representation of the DataBase contents to transform the query and/or to generate queries whose answers provide interestingadditional information (See �gure 1).4 Sketch of the method formalizationIn the previous section, we have presented notions which seem to be useful for representingthe queries and the contents of the knowledge base. We are now interested in the de�nition ofa language and its semantics to represent these notions. We have de�ned this semantics in aframework wich is very well de�ned and accepted by a lot of researchers, which is MathematicalLogic.However, even within the Logic framework, there are many di�erent ways of formalizing theknowledge content. The basic idea, in the proposed formalization, as suggested by R.Kowalskiin [9], is to deal only with standard First Order Logic (FOL). However the concepts involvedin FOL have a poor semantics. For example the concepts of Entity type, Attribute of entity,Entity relationship, Attribute of entity relationship, are all represented by Predicates in FOL.And, by representing these concepts with predicates, we lose an important part of their semantics.The semantics attached to these concepts appeared, in the previous section, when we de�ned howdi�erent are considered, for example, an Entity type and an Attribute, in the query representation,or in the rules.Our approach is to re
ect this semantics in a Meta-Theory, also represented in FOL. In thisMeta-Theory are expressed the facts and rules de�ning the semantics of the predicates. We thusdistinguish between two language levels:� The Object level, in which are represented the Data Base and the queries; this Data Basecan contain rules if we are in a Deductive Data Base context, but these rules must not beconfused with the rules in the Knowledge Base de�ned in the previous section; at this level allpredicates have the same status, and there is no di�erence, for instance, between relationshipsand attributes.� The Meta level, in which is represented the semantics which cannot be represented at theObject level; in particular the Knowlwedge Base and the query transformation are representedat the Meta level.
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Figure 1: System organizationIn the next subsections, we begin by presenting the Object language and Meta language usedto represent the knowledge base information. Then, we describe our query langage and the form ofthe answers to these queries. Thereafter the information concerning user's representation is brie
yintroduced, and we end this section by a presentation of the expert's knowledge used to provideadditional information.4.1 Knowledge Base representation language4.1.1 Object language and Meta languageAs said before the Object language is a First Order Language whose predicates are used torepresent the facts stored in the Data Base. For instance the predicates:Departure-city(x,y), Arrival-city(x,y), Departure-time(x,y)Arrival-time(x,y), Price(x,y)represent corresponding attributes, and the predicates:



Means-of-Travel(x), Flight(x), Train(x)represent entity types. The facts are represented by atomic formulas such as:Departure-time(AF001, 10h00), Departure-city(AF001, Paris)and questions are represented by formulas like:Flight(x) ^Departure-city(x,Paris) ^ Arrival-city(x,New York) ^Departure-time(x,y)At the Meta level, facts or queries of the Object level are considered concrete objects representedby constants or terms. The correspondance between the two levels is de�ned by a coding functionwich assigns a code to each formula of the Object level [3]. For instance the Meta level functionspred, var and const respectively assign a code to predicate symbols, variable symbols or constantsymbols of the Object level. The functions atom and and assign a code to an atomic formula, orto the conjunction of two formulas.Using these coding functions the Object formulas:Departure-city(x,Paris)Arrival-city(x,New York)are represented by the terms:t1: atom(pred(Departure-city),var(x),const(Paris))t2: atom(pred(Arrival-city),var(x),const(New York))and the conjunction of these two formulas is represented by the term:and(t1,t2)In the following such terms are abbreviated by the Object formula between quotes. For examplethe previous term is abbreviated by:\Departure-city(x,Paris) ^ Arrival-city(x,New York)"Such terms can contain Meta variables to represent an Object formula which is not completelyspeci�ed. The predicates of the Meta language are presented in the following subsections; theMeta language is a First Order language built with these predicates. The query transformation isde�ned by derivations at the Meta level, and there is no need in these derivations to use Objectlevel knowledge.4.1.2 Representation of the Entity-Relationship ModelAt the Object level all the predicates have the same status. However at the Meta level they aredistinguished with the Meta predicates Entity-type and Att. For example:� Entity-type(Flight)



� Entity-type(Train)� Entity-type(Means-of-Travel)� Att(Price,Train)� Att(Departure-city,Means-of-Travel)� Att(Arrival-city,Means-of-Travel)are facts of the Meta theory, expressing, for example that the predicate Train de�nes an Entitytype, and that the predicate Price de�nes an attribute of the entities Trains. The quotes betweenObject predicates symbols are omitted when there is no risk of misunderstanding.The Entity type structure is represented with the Meta predicate ISA. For example:� ISA(Flight, Means-of-Travel)� ISA(Train, Means-of-Travel)express that Flight and Train are special cases of Means-of-Travel.We have the following rules:R1: 8(x) Entity-Type(x) �! ISA(x,x)R2: 8(x,y,z) ISA(x,y) ^ ISA(y,z) �! ISA(x,z)meaning that ISA is a re
exive and transitive relation.We have also:R3: 8(a,t,t') Att(a,t) ^ ISA(t',t) �! Att(a,t')expressing inheritance of attribute from an Entity type to a sub-type.4.1.3 Topic notion and attributes clusteringWe have also introduced the notion of \topic".Topics are associated to attributes and relationships and allow representation of some semanticlinks between attributes. In order to represent this notion we introduce a predicate Att-Top in themeta-language which relates a topic and an attribute of the object language.So, if we take again the \travel-agency" example shown in the introduction, we can introducethe following topics: Localization, Time-table, Cost, Validity-condition, TimeThese topics are de�ned as meta-language constants. To assert that these constants are topics,we introduce the following facts into the meta-theory:� Topic (Cost)� Topic (Time)� etc.



We can associate some topic with attributes de�ned for Flight by introducing the followingfacts into the meta-theory:� Att-Top (Departure-city, Localization)� Att-Top (Arrival-city, Localization)� Att-Top (Departure-time, Time-table)� Att-Top (Arrival-time, Time-table)� Att-Top (Price, Cost)� Att-Top (Tari�ng, Cost)� Att-Top (Works-on, Validity-condition)� Att-Top (Validity, Validity-condition)where Departure-city, Arrival-city, etc, exhibit actually codes in meta-theory of object predicatesDeparture-city, Arrival-city, etc.Of course, topics can be structured in the same way as entities. For example, we could introducein meta-theory the following facts:� ISA (Time-table, Time)� ISA (Validity-condition, Time)where ISA is the same relation as the one used to structure entities.4.2 Query language4.2.1 Structure of the queriesThe form of the queries is strongly restricted, as de�ned in the previous section. The generalform is: Entity ^ Condition ^ Retrieved Attributeswhere:\Entity" is a formula with only the logical operators ^ (conjunction) or _ (disjonction), andwhere predicates are only monadic predicates corresponding to Entity types.Let A = V ar(Entity) (set of the free variables which appear in the \Entity" formula).\Condition" is any formula of the object langage.Let B = V ar(Condition).\Retrieved Attributes" is a formula with only ^ logical operator and where the predicates are onlypredicates corresponding to Attributes.Let C = V ar(Retrieved Attributes).� We introduce the following additional condition:B � (A[C) (The free variables of \Condition" must be free variables of \Entity" or \RetrievedAttributes")



To represent and to manipulate a query, we have introduced the following predicates into themeta-langage:Query (x): x is a query.Entity (x,y): y is the code of a formula which represents the entity part of a query x.Condition (x,y): y is the code of a formula which represents the condition part of a query x.Ret-Att (x,y): y is the code of a formula which represents the retrieved attributes part of a queryx.For example, to represent the query:What is the departure time of the 
ights from Paris to New York, whose departure time isbetween 7a.m. and 11a.m.?we introduce the following facts into the meta-theory:Query (qt1)with qt1 = \Flight (x) ^Departure-city (x,Paris) ^ Arrival-city (x,New York) ^Departure-time (x,y) ^ (8 < y) ^ (y < 12) ^Departure-time (x,y)"(qt1 is the code of the conjunction of the formulas which de�ne theEntity, Condition and Retrieved Attributes parts of the query)Entity (qt1, \Flight (x)")Condition (qt1, \Departure-city (x,Paris) ^Arrival-City (x,New York) ^Departure-time (x,y) ^ (8 < y) ^ (y < 12)")Ret-Att (qt1, \Departure-time (x,y)")4.2.2 Structure of the transformed queryThe general form of the transformed query is the same as the initial query except that we canuse an extra logical operator, denoted =), in its \Retrieved Attributes" part.First, we present the motivation for this new logical operator.Let us consider for example the simple query qt1:qt1:Entity: Flight(x)and let us also assume that, applying an expert rule, we must generate a new query which providesthe price of 
ights only for those which are expensive. Let Expensive(x) be a formula saying thata 
ight is expensive. Then the transformation result could be two queries qt2 and qt3:



qt2:Entity: Flight(x)Condition: :Expensive(x)qt3:Entity: Flight(x)Condition: Expensive(x)Retrieved Attributes: Price(x,y)which correspond, in FOL notation, to:qt2: Flight(x) ^ :Expensive(x)qt3: Flight(x) ^ Expensive(x) ^ Price(x,y)It will be noticed that these two queries cannot be represented by a single query, like:(F light(x) ^ :Expensive(x)) _ (F light(x) ^Expensive(x) ^ Price(x; y))which is equivalent to: F light(x) ^ (Expensive(x) �! Price(x; y))Indeed the answer to this query is not the union of the two above queries, because the twooperands of the \_" operator does not have the same free variables. Moreover, the above formulahas no intuitive meaning because it is not a Domain Independant formula [7].On the other hand it would be quite desirable to have only one answer presented by a uniquetableau, even if this answer is heterogeneous, in the sense that all the tuples do not have the samecomponent number. Here some tuples are < x > values, others are < x; y > values. And thetuples structure depends on the evaluation of Expensive(x).The extra logical operator =) is introduced to be able to represent a set of heterogeneousqueries, that is, queries which do not have the same free variables, with a unique query.The semantic of this operator is the following:If (f =) g) is a sub-formula of a formula F, then, for a given instantiation of the freevariables in F, (f =) g) is true i� (f ^ g) is true or f is false.Moreover if f is true, the variables which are considered to be free in the de�nition of the tuplestructure in the answer are either the free variables of f and g or the free variables of f .This last comment di�erentiates between the usual implication operator �! and the operator=).In the following, the queries containing the =) operator are called \heterogeneous queries":Using this operator the above queries qt2 and qt3 are represented by this following query:F light(x) ^ (Expensive(x) =) Price(x; y))



4.2.3 Structure of the answersIn this part we de�ne the general form of an answer to a query.The answer to a query is usually de�ned in the following way [12]:� Let L be a �rst-order language.� Let F (X) be a well-formed-formula of L. The only free variables of F are X =< x1; : : : ; xn >.� Let T be some theory of L.The answer to the query F (X) in the theory T is the set of tuples of constants C =< c1; : : : ; cn >such that F (�(C=X)) is a theorem of T :Answer = fCjT `L F (�(C=X))gwhere �(C=X) means that C is substituted for X.Concerning our query language, such a de�nition of an answer to some question does not provideenough information to the user, as we can show in the following example:Let us consider a Data Base in which is represented an entity class Train.We consider two sub-classes of Train:Train-TEE: Set of Trans Europ Express Trains.Train-Sleeping: Set of trains having sleeping cars.The following attribute is associated with the class of Train-TEE entities:Surcharge-TEE: For the TEE train x, there is a surcharge y.The following attribute is associated with the class of Train-Sleeping entities:Surcharge-sleeping (x,y): For the train with sleeping cars x, there is a surcharge y.Let us consider the following heterogeneous query:Entity: Train (x)Retrieved attributes:(Train-TEE (x) =) Surcharge-TEE (x,y)) ^(Train-sleeping (x) =) Surcharge-sleeping (x,z))which corresponds in natural language to the following query:\For all Trains, retrieve Surcharge-TEE for Train-TEE, and Surcharge-sleeping forTrain-sleeping"In tuple structure, the answer to this question is constituted by the following sets:� A set S1 of singletons < x > corresponding to Trains which are neither Train-TEE norTrain-sleeping.� A set S2 of pairs < x; y > correponding Train-TEE.



� A set S3 of pairs < x; z > corresponding to Train-sleeping.� A set S4 of triplets < x; y; z > corresponding to Train-TEE with sleeping cars.With this kind of answer, the user cannot know if some pair <a,b> belongs to S2 or S3. This isone reason for saying that providing answers in tuple structure does not provide enough informationto the user.In our system, the answer corresponding to Train-TEE would be represented by the followingformula: Train-TEE (a) ^ Surcharge-TEE (a,b)while answers corresponding to Train-sleeping would be represented by the following instantiatedformula: Train-sleeping (a) ^ Surcharge-sleeping (a,c)The user can thus easily distinguish distinct solutions.In the general case, formulas which are provided in the answer are conjunctions of groundformulas (positive or negative). We have already adapted the de�nition of satis�ability of formulas,and we are de�ning an algebra on this set of formulas, instead of on a standard set of tuples.4.3 User representationWe have already observed in preceding sections that to have cooperative behaviour, the systemmust know some facts about the user. In interactions between two humans, each obtains informa-tion about the other during the dialogue. In the case of interactions with a computer system, thiscan be simulated by a dialogue manager which can ask the user questions. In this paper we ignorethe dialogue management aspects, and we assume that the user representation has been previouslydetermined.A �rst user representation subset is expressed by elementary facts (which could be formalizedin propositional logic). For example, we can easily formalize the following informations:� User travels for tourism reasons.� User is a businessman.� User is in a hurry.� etc.For this, it is su�cient to de�ne a user-type set. So, we could have the following types:� User-type (Tourist)� User-type (Businessman)� User-type (Man-in-a-hurry)It will be also important to be able to use information concerning some user attributes such as:� User is French.



� User is 50 years old.This kind of information can be easily formalized in �rst-order logic by de�ning some userclasses, with Nationality and Age attributes. For this, it is su�cient to introduce the followingpredicates into the language:User (x): x is a user.Nationality (x,y): x has y for nationality.Age (x,y): x is y years old.Another information set is composed of user knowledge and belief. For example:� User believes that airplane travel is dangerous.� User knows that Concorde crosses Atlantic ocean in two hours and a half, and that it is anexpensive 
ight.This information can also be used by the cooperative answering module to provide user withadditional information. Indeed, let us suppose that a user knows that Concorde is an expensiveand fast 
ight. In these conditions, if Concorde is a query solution, it is su�cient to specify it touser. Then it is useless to tell him that it is an expensive 
ight, since he can infer this information.It can be noticed at once that information about knowledge and belief cannot usually be for-malized in �rst order logic. A classical way to represent this information consists in introducing amodal logic (namely epistemic logic [8]).At this time, information about user used to provide him some additional information, is thatwhich can be formalized in �rst-order logic. We have not yet studied the problem of formalizingand using information about user's knowledge.4.4 Expert knowledge representationExpert knowledge contains general rules which de�ne how the concepts such that: Topic, Entity,Attribute of entity,..., can be used to derive what Topics are interesting, and what additionalattributes may be provided to the user. In the following we present some of these rules which areused in the next section for an example, but it would be too long to present all of them in thispaper.The rule R4 expresses that, if the attribute a appears in the query q, and is related to the Topictop, then this Topic is interesting for the query q.R4: 8 (q, a, top)(Appear (q, a) ^ Att-Top (a, top)) �! Int-Top (q, top)The rule R5 expresses that if the Topic top is interesting for the query q, and top0 is a specialcase of the Topic top, then top0 is also interesting for q. For example, if T ime is interesting for q,then Time-table is also interesting.R5: 8 (q, top, top')(Int-Top (q, top) ^ ISA (top', top)) �! Int-Top (q, top')



The rule R6 expresses that, if the query q concerns the entity e, and a is an attribute of e relatedto an interesting Topic, then it is relevant, for the query q, to provide in addition the attribute a.R6: 8 (q, e, v, top, a)(entity (q, \e(v)") ^Int-Top (q, top) ^Att (a, e) ^Att-Top (a, top))�! Rel-Att (q, \e(v)", \a(v,v1)")The rule R7 expresses that, if f is a relevant attribute of e0 for the query q, and the query qconcerns entities e which are special cases of entities e0, then the attribute f can be added intothe list of attributes which must be retrieved. That is, the notion of relevant-attribute is inheritedin the structure of Entity types. For example if Arrival-time is relevant for Means-of-Travels, it isalso relevant for F lights.R7: 8 (q, e, e', v, f)entity (q, \e(v)") ^ Rel-Att (q, \e'(v)", f) ^ ISA (e, e')�! Add-Att (q, f)The rule R8 expresses that, if the attribute f of the entity e0 is relevant for the query q, and thequery concerns also other entities e, which are not special cases of e0, then the attribute f must beprovided only for entities of the type e0.For example if the Entity part of the query q is: F light(x) _ Train(x), and the attribute f isrelevant for trains, its value must be provided only for trains.R8: 8 (q, e, e', v, f)entity (q, \e(v)") ^ Rel-Att (q, \e'(v)", f) ^: ISA (e, e')�! Add-Att (q, \e'(v) =) f")The rule R9 expresses that if the query q concerns entities e1, and e1 and e2 are special casesof the entity e, then it is relevant to provide the entity e2 instead of e1.R9: 8 (q, x, e, e1, e2)(entity (q, \e1 (x)") ^ ISA (e1, e) ^ ISA (e2, e))�! Rel-Entity (q, \e1 (x)", \e2 (x)")All the preceding rules are independent of any application and represent expertise in generalCooperative Answering. The following rules depend on the application.The rule RD1 expresses that, if it is relevant to provide Trains instead of Flights, that must berestricted to the cases where the distance is less than 400km. That is, in the transformed query,the Condition part is transformed in order to insert this restriction.RD1: 8 (q, x, y1, y2)(Rel-Entity (q, \Flight (x)", \Train (x)") ^condition (q, \Dep-Arr (x, y1, y2)"))�! Transf-cond (q, \Flight (x)",\Train (x)",\Dep-Arr (x, y1, y2)",\Dep-Arr (x, y1, y2) ^ Distance (y1, y2) < 400km")



where Dep-Arr (x,y,z) is an abbreviation for the formulaDeparture-time (x,y) ^ Arrival-time (x,z).The rule RD2 expresses that, if the query concerns Flights, then the days for which the 
ightis not working, if they are, is a relevant information.RD2: 8 (q, x)entity (q, \Flight (x)")�! Rel-Att (q , \Flight(x)",\(Day (y) ^ : Works-on(x, y))=) : Works-on (x, y))")5 Query transformation to provide additional informationWe show below a short example of transformed queries obtained by the derivation process.Only the most important steps of the derivation are shown.Let us consider the following query:Query (qt1)Entity (qt1, \Flight (x)")Condition (qt1, \Departure-city (x,Paris) ^Arrival-City (x,Brussels) ^Departure-time (x,y) ^ (8 < y) ^ (y < 12)")Ret-Att (qt1, \Departure-time (x,y)")First we present the transformation which provides the values of additional attributes:We have:Appear(qt1,Departure-time)Att-Top(Departure-time,Time-table)then, from R4, we get: Int-Top(qt1,Time-table)We have:Att(Arrival-time,Means-of-Travel)ISA(Flight,Means-of-Travel)then, from R3, we get: Att(Arrival-time,Flight)We have: Att-Top(Arrival-time,Time-table)then from R6, we get:Rel-Att(qt1, \Flight(x)", \Arrival-time(x,v1)")From RD2 we get:Rel-Att(qt1, \Flight(x)", \(Day(y) ^ :Works-on(x,y)) =) :Works-on(x,y)")From R7 we get:Add-Att(qt1, \Flight(x)", \Arrival-time(x,v1)")



Add-Att(qt1, \Flight(x)", \(Day(y) ^ :Works-on(x,y)) =) :Works-on(x,y)")When new atomic formulas are inserted into the list of attributes to be retrieved, it couldhappen that the same variable appears in several predicate arguments, and introduces arti�ciallinks. This is the case, for example, for the variable y in Departure-time(x,y) and Works-on(x,y).To avoid this, the Rename predicate changes the variable name y in the above formula into y1.Finally get a new query qt2:Query (qt2)Entity (qt2, \Flight (x)")Condition (qt2, \Departure-city (x,Paris) ^Arrival-City (x,Brussels) ^Departure-time (x,y) ^ (8 < y) ^ (y < 12)")Ret-Att (qt2, \Departure-time (x,y) ^Arrival-time (x,v1) ^(Day (y1) ^ :Works-on (x,y1))=) :Works-on (x,y1)))We present now the transformation which provides other entities, namely the trains, in theanswers.We have:Entity (qt1, \Flight(x)")ISA (Flight, Means-of-Travel)ISA (Train, Means-of-Travel)then from R9, we have: Rel-Entity (q, \Fligth (x)", \Train (x)")From:Condition (qt1, \Departure-city (x,Paris) ^Arrival-city (x,Brussels) ^Departure-time (x,y) ^ (8 < y) ^ (y < 12)")we can infer that:condition (qt1, \Departure-city (x,Paris) ^Arrival-city (x,Brussels)")then, from RD1, we get:Transf-cond (qt1, \Flight (x)",\Train (x)",\Dep-Arr (x, y1, y2)",\Dep-Arr (x, y1, y2) ^ Distance (y1, y2) < 400km")and we �nally get a new query qt3:Query (qt3)Entity (qt3, \Train (x)")



Condition (qt3, \Departure-city (x,Paris) ^Arrival-City (x,Brussels) ^Distance (Paris,Brussels) < 400km ^Departure-time (x,y) ^ (8 < y) ^ (y < 12)")Ret-Att (qt3, \Departure-time (x,y)")So, after application of the transformation which provides the value of additional attributes, wetransform the Retrieved Attributes part of qt3 to provide the Departure Time of the trains andwe obtain the following query:Query (qt4)Entity (qt4, \Train (x)")Condition (qt4, \Departure-city (x,Paris) ^Arrival-City (x,Brussels) ^Distance (Paris,Brussels) < 400km ^Departure-time (x,y) ^ (8 < y) ^ (y < 12)")Ret-Att (qt4, \Departure-time (x,y) ^ Arrival-time (x,v1")6 ConclusionWe have presented a method to support intelligent access to Data Bases which is based on theidea of Cooperation between the system and the user. This method allows to provide additionalrelevant information. Other work, with similar objectives, is presented in the literature, but ourapproach is original in several respects. If we compare with J.F. Allen's work, presented in [2, 1],the main di�erence is that we do not use the concept of plan to recognize user's intentions, but amore abstract concept, namely the concept of Topic of interest. It does not allow the representationof such detailed intentions as those which can be represented with plans, but it allows reasoningon the user's interests even if the user has no precise plan in mind, and asks questions in order tobuild his plan. The main di�erence with A. Motro's work [10, 11] is that additional informationcorresponds only to the transformation of the Condition part of the question, and there is noreasoning on user's intentions. Moreover additional information is provided only in the case wherethe initial answer is empty.Of course there are many open issues, one of the most important of which is how to managetransitivity. That is, the additional information can be considered as neighbour of the strict answer,and the question is: do we have to provide neighbour information of neighbour information, ..etc..?For instance, if we consider the Entity type structure, we propose alternative entities which have thesame \father" as the initial one, but we could also propose entities having the same 'granfather",and so on. The same question arises about the Topic structure; if we recognize some Topic tobe interesting, another Topic having the same \father", or \granfather", could also be consideredas an interesting one. The question also arises for the Condition part transformation. Anotherissue to be investigated is the user representation, which is currently very simple, and could be



much more sophisticated. Indeed the more information the system has about the user, the morecooperation can be e�cient.Finally we point out that the method has been implemented in a prototype written in Prolog(see the example in Annex). It runs on a toy example, and the feedback from a realistic applicationwill be very useful in making changes to the rules, if needed. However the quality of the answersstrongly depends on the rules introduced to represent a speci�c application.AcknowledgementsWe would like to thank Tom Grossi for correcting our initial text in \French-English".References[1] J. F. Allen and D. J. Litman. Plan, Goals and Natural Language. Research Review, ComputerScience and Engineering. University of Rochester, 1986.[2] J. F. Allen and C. R. Perrault. Analysing intention in utterance. Arti�cial Intelligence,15(3):143{178, 1980.[3] K. Bowen and R. Kowalski. Amalgamating language and metalanguage in logic programming.In Clark, editor, Logic Programming, Tarnuld, 1980.[4] M. Brodie. On modelling behavioural semantics of data bases. In Proc. VLDB, 1981.[5] M. Brodie. On the development of data models. In On conceptual modelling: Perspectivesfrom Arti�cial Intelligence, Databases and Programming Languages, Springer Verlag, 1983.[6] P. P. Chen. The entity / relationship model: toward a uni�ed view of data. ACM TODS,1(1), March 1976.[7] R. Demolombe. Syntactical Characterization of a Subset of Domain Independent Formulas.Technical Report, ONERA-CERT, 1982.[8] J. Y. Hintikka. Knowledge and belief. Cornell University Press, Ithaca, New-York, 1963.[9] R. Kowalski. The limitations of logic. In J. Schmidt and C. Thanos, editors, Proc. Workshopon Foundations of Knowledge Base Management, Crete, 1986.[10] A. Motro. Query generalization: a technique for handling query failure. In Proc. FirstInternational Workshop on Expert Database Systems, pages 314{325, Kiawah Island, SouthCarolina, 1984.[11] A. Motro. Supporting goal queries in relational databases. In Proc. First International Conf.on Expert Database Systems, 1986.[12] R. Reiter. Towards a logical reconstruction of relational database theory. In On ConceptualModelling: Perspectives from Arti�cial Intelligence, Databases and Programming Languages,Springer Verlag, 1983.[13] J. R. Searle. Speech Acts: An essay in the plilosophy of language. Cambridge UniversityPress, New-York, 1969.



A Annex : example of program executionThe query presented in this annex refers to the example which is used along the paper. Itshows an initial query, and two transformed queries, providing additional attributes, or entitiesof another type. The answers have the form of formulas, instead of tuples, and each atom isimplicitly connected to the others by an and operator. The syntax is Lisp-like, and could be easilytransformed into Predicate Calculus.


