
How to recognize interesting topics to provideCooperative Answering �F.Cuppens R.DemolombeONERA-CERT2 Av. E.Belin, BP3025Toulouse CedexFranceJune 12, 2002AbstractWe present a method, and its formalization, to provide interesting additionalinformation to users asking queries to a Relational Data Base. The interestinginformation is de�ned using a Knowledge Base containing rules which representthe expertise of an expert having a long experience in providing information tocasual users.This Knowledge Base also contains a high level description of the Data Basecontent. This description uses the concepts of entity, attribute of entity, re-lationship and topic. The topics are related to attributes and relationships inorder to be able to characterize all the information in the Data Base whichbelongs to a given semantic �eld.The Data Base and Knowledge Base are both formalized in First OrderLogic. There are two di�erent formalization levels: object level to represent theData Base itself, and meta level to represent the Knowledge Base which is usedto transform queries. The transformed queries de�ne the additional informationwhich is provided to users. They can be obtained with a standard deductionmechanism.A �rst prototype implemented in Prolog is running.1 IntroductionIn [5], we have presented a general methodology to provide intelligentaccess to Data Bases, which is called Cooperative Answering. The basicidea is to help users who have to retrieve data in contexts where the data tobe retrieved are not precisely de�ned, such as Decision Support Systems,or Advice Giving Systems.In these situations when a user asks a query, for example a Relationalquery, the answer is precisely de�ned, and a Relational DBMS can providethe exact answer. However in most cases it may happen that the user�This work was supported by the ESPRIT project: ESTEAM-3160



might be interested by other data, which are related to his query, but arenot explicitly requested.The Cooperative Answering approach is the following. If a system hasto determine this additional interesting information, it has to determinewhat are the user's topics of interest, and then to determine what relevantdata in the Data Base, corresponding to these topics, must be retrieved.We present examples below in order to illustrate the Cooperative An-swering approach. Let's consider a person who wants to organize a travelfrom Paris to New-York and asks the question:What is the departure time of the 
ights from Paris to New-York, whosedeparture time is between 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, andhaving a long experience in giving advices to his clients, would be, forexample: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 1,3,6,7This is not the exact answer, since it provides additional information,like the arrival-time. This information can be interesting for a person whois organizing a travel, for example if he has to take a connection. Thevalidity period is also interesting because it allows to understand why the
ight AF001 has two di�erent departure times, each one corresponding toa di�erent validity period. On the other hand, in the case where a 
ight isnot available all days in the week, it is useful to show which days it works,because people assume that a 
ight is usually available all days in theweek. Finally, in the case where a 
ight is very expensive, it is interestingto tell to the client what is the price, even if he is not specially motivatedby the price because he is travelling for business. In our example theaircraft corresponding to the 
ight AF001 is the Concorde, and its price isroughly three times the usual price; such a price is very exceptional, thatis why it is useful to inform the client of this fact.The previous example has shown the style of answers which could beexpected from a system which tries to be as cooperative as possible. Wecan induce from it the type of query transformation a system has to realizeto provide this kind of additional information.In [5], we have explicited three kinds of additional information a systemcan provide to a user: 1



� Additional entities having a di�erent type than those requested inthe query.� Additional entities satisfying \neighbourhood" conditions.� Additional attribute values.In this paper we focus on the third one, and we propose a more de-tailed, and more formal presentation of how to provide additional attributevalues.In this case, if answers are considered as tableaux representing the exactanswers, the extensions to these answers can be viewed as an extensionof the tableaux in the width. The elements of the tableaux without anyvalue correspond to attribute values which are not explicitly representedand which are not interesting. They do not correspond to any kind of\null value". One can also remark that an extended answer might berepresented by several tableaux having di�erent structures.To design this method we have de�ned a query transformation: the re-sult of this transformation is a query whose answer contains the additionalinformation. The transformation uses di�erent kinds of knowledge whichare presented in the next sections. They correspond to: a high level rep-resentation of the Data Base content in terms of the Entity-Relationshipconcepts, an Entity type structure, topics which are related to attributesor relationships, a topic structure, a query representation, and a user rep-resentation. All this knowledge is formalized by facts or rules in FirstOrder Logic. Moreover, there are general rules de�ning how to use theprevious knowledge to transform the queries; they represent expertise inCooperative Answering, in general. And rules which are speci�c to a givenapplication domain. The overall knowledge is considered as a Theory, andtransformed queries are obtained through by application of standard in-ference rules.2 High level representation of the Data BasecontentOur intent is to represent the overall knowledge in the formalism ofFirst Order Logic (FOL). However the concepts embedded in FOL arevery simple, and easy to understand, but their semantics is poor and theydon't allow to represent, in a straightforward way, concepts having reachersemantics, such as those of the Entity-Relationship model.One way to solve this problem is to distinguish, as suggested by R.Kowalskiin [3] and [7], two di�erent representation levels: Object level and Metalevel.� The Object level, in which is represented the Data Base and thequeries; this Data Base can contain rules, if we are in a DeductiveData Base context, but these rules must not be confused with therules in the Knowledge Base de�ned in the previous section; at thislevel all predicates have the same status, and there is no di�erence,for instance, between relationships and attributes.2



� The Meta level, in which is represented the semantics which cannotbe represented at the Object level; in particular the Knowledge Baseand the query transformation are represented at the Meta level. Wealso use this Meta level to have a high level representation of thedata base content.In the next sections, we give an explicit correspondence between thetwo representation levels of data base content, and theoretical results showthe completeness and soundness of this correspondence (see section 2.3).2.1 Object level and Meta level formalizationThe Object language is a First Order Language whose predicates areused to represent the facts stored in the Data Base.At the Meta level, facts or queries of the Object level, are considered asconcrete objects represented by constants or terms. The correspondencebetween the two levels is de�ned by a coding function which assigns a codeto each formula of the Object level [3]. For example, we might code thefollowing atomic formula :Departure-city(x,Paris)Arrival-city(x,New-York)by the terms:t1: atom(pred(Departure-city),var(x),const(Paris))t2: atom(pred(Arrival-city),var(x),const(New-York))where atom, pred, atom, var et const are function symbols.The conjunction of these two formulas is represented by the term:and(t1,t2)In the following such terms are abbreviated by the Object formulabetween quotes. For example the previous term is abbreviated by:\Departure-city(x,Paris) ^ Arrival-city(x,New-York)"Such terms can contain Meta variables to represent an Object formulawhich is not completely explicited. In that case, we add unquoting marks< > around all expressions which denote Meta variables. For example, inthe expression : \Departure-city(< x >,Paris)"x is a Meta variable.The predicates of the Meta language are presented in the followingsubsections, and to sum up, a list of the meta predicates used in thispaper is given in appendix. The Meta language is a First Order languagebuilt with these predicates. 3



2.2 Entity-Relationship model representationIn this section is represented an Entity-Relationship model formaliza-tion using object and meta levels.2.2.1 TypesIn this model all the elements have a type, and there are two kinds oftypes: the Entity types, and the Attribute value types.At the object level each type is represented by a monadic predicate,at the meta level they are represented by constants (the code of thesemonadic predicates). At the meta level Entity types, and Attribute valuetypes are distinguished through the meta predicates:� Entity-type(x)� Attribute-value-type(x)Example:Object level:� Flight(x), Hour(x), City(x)Meta level:� Entity-type(\Flight")� Attribute-value-type(\Hour")� Attribute-value-type(\City")In the following, when there is no risk of ambiguity, the quotes repre-senting codes at the meta level are omitted.2.2.2 Predicate arguments typingAt the object level, there are axioms to de�ne the type of each predicateargument. At the meta level, this information is represented with the metapredicate:� Type(x,y)where x is a predicate code, and y is a list of type codes, each type in thelist corresponding to the argument having the same rank.Example:Object level:� 8(x,y) Departure-time(x,y) �! Flight(x) ^ Hour(y)� 8(x,y) Reservation(x,y) �! Flight(x) ^ Person(y)� 8(x,y,z) Seat-numb(x,y,z) �! Flight(x) ^ Person(y) ^ Seat(z)4



Using the Entity-Relationshipmodel concepts, the predicate Departure-time represents an attribute of entity, the predicate Reservation representsa relationship, and the predicate Seat-numb represents an attribute of re-lationship.Meta level:� Type(Departure-time,[Flight,Hour])� Type(Reservation,[Flight,Person])� Type(Seat-numb,[Flight,Person,Seat])where [Flight,Hour] is a shorthand for the term which represents the list:Flight, Hour.2.2.3 Attribute of entitiesFor each Entity type, and for each attribute which is de�ned for anEntity type, there is an axiom at the object level expressing that anyentity of this type has a value for this attribute. There is the same kind ofaxioms for attributes of relationship. At the meta level this informationis represented with the predicate:� Att(x,y)where x is an attribute and y is an entity type, or a relationship.Example:Object level:� 8(x) Flight(x) �! 9(y) Departure-time(x,y)� 8(x,y) Reservation(x,y) �! 9(z) Seat-numb(x,y,z)Meta level:� Att(Departure-time,Flight)� Att(Seat-numb,Reservation)These facts express that Departure-time is an attribute of the Entitytype Flight, and that Seat-numb is an attribute of the relationship Reser-vation.2.3 Entity type structureTo have a more structured view of the Entity types there is an Entitytype hierarchy. At the object level there are axioms to represent that twoEntity types are included or disjoined. The same information is repre-sented at the meta level with the predicates:� ISA(x,y)� DIS(x,y) 5



where x and y are Entity types.Example:Object level:The following axioms express that Flight and Train are both Travel,that Flight and Train are disjoined, and that Travel and Person are dis-joined.� 8(x) Flight(x) �! Travel(x)� 8(x) Train(x) �! Travel(x)� :(9(x) Flight(x) ^ Train(x))� :(9(x) Travel(x) ^ Person(x))Meta level:� ISA(Flight,Travel)� ISA(Train,Travel)� DIS(Flight,Train)� DIS(Travel,Person)To re
ect all the semantics of the ISA and DIS predicates, we haveto insert in the meta theory the following axioms, which express the re-
exivity and transivity of the ISA predicate, the symmetry of the DISpredicate, and the link between these two predicates:R1: 8(e) Entity-type(e) �! ISA(e,e)R2: 8(e,e',e") ISA(e,e') ^ ISA(e',e") �! ISA(e,e")R3: 8(e,e') DIS(e,e') �! DIS(e',e)R4: 8(e,e',e") DIS(e,e") ^ ISA(e',e") �! DIS(e,e')It is not too much complex to prove that the set of axioms S = fR1,R2, R3, R4g, of the meta theory re
ects the intended meaning of the ISAand DIS predicates. That is, these axioms are sound and complete in thefollowing sense:Completeness: let's consider a set of axioms Obj-ax at the object levelof the form: (T(x) �! T'(x)), or :(9(x) T(x) ^ T'(x)), and theset of corresponding axioms Meta-ax, at the meta level, of the form:ISA(T,T') or DIS(T,T'). Moreover, let F be a set of facts Entity-type(T1) : : : Entity-type(Tn) where T1 : : : Tn is the set of predicateswhich appear in Obj-ax. Then any theorem, at the object level, ofthe same form, which is derivable from Obj-ax, has a correspondingtheorem at the meta level which is derivable fromMeta-ax, S and F .Soundness: each theorem of the form ISA(T,T') or DIS(T,T') derivablefrom Meta-ax, S, and F at the meta level, has a corresponding the-orem, at the object level, of the form: (T(x) �! T'(x)) or :(9(x)T(x) ^ T'(x)), derivable from Obj-ax.6



We provide a proof of these results in the Appendix B.If we add, at the object level, axioms of the form 9(x)T (x), for anyentity type, to express entity types are not empty, then we have to add,at the meta level the axiom:R5: :9(e; e0)(ISA(e; e0) ^DIS(e; e0))With the axiom R5 the above results about completeness and sound-ness can be extended to theorems of the form: :ISA(T; T 0) and :DIS(T; T 0).To express inheritance of attribute from an entity type to a sub-type,we have also the following axiom:R6: 8(a,t,t') Att(a,t) ^ ISA(t',t) �! Att(a,t')2.4 TopicsThe topic concept has been introduced to relate predicates whosemeanings are in the same semantic �eld. For instance the predicatesDeparture-city and Arrival-city can be related to the topic: Location. Thelink between a predicate and a topic cannot be directly expressed in FirstOrder Logic, since it asserts some knowledge about a predicate, but by theseparation into two distinct levels, predicates have the status of constantat the meta level, and it becomes possible to represent these assertions inFirst Order Logic.The links between predicates represented through the topics is one ofthe ways which are used to derive what are the user's interesting topics.For instance if a person asks a query about a 
ight departure time, wecan infer that this person may be interested by the arrival time, becausethey are both related to the topic: Time.This concept is only de�ned at the meta level. It is represented by thepredicates:� Topic(x)� Att-Top(x,y)In Att-Top(x,y), x is an attribute or a relationship, and y is a topic.Example:Meta level:� Topic(Time)� Topic(Validity-condition)� Topic(Time-table)� Topic(Money)The previous facts de�ne some topics.� Att-Top (Departure-time, Time-table)7



� Att-Top (Arrival-time, Time-table)� Att-Top (Price, Money)� Att-Top (Works-on, Validity-condition)� Att-Top (Validity, Validity-condition)The previous facts express, for instance, that the attribute Works-onis related to the topic Validity-condition.The topics are structured with the same predicate ISA as Entity types.We have, for example:� ISA (Time-table, Time)� ISA (Validity-condition, Time)3 Query languageQueries are expressed at the object level. Their semantics is rep-resented in First Order Predicate Calculus. However the form of thequeries is strongly restricted, from a syntactical point of view, though thisform doesn't restrict strongly the expressive power of Predicate Calculus.Roughly speaking any query expressed in the language Alpha, introducedby E.F.Codd in [4], can be expressed in the form de�ned below.This form corresponds to the query structure presented in the intro-duction: Entity ^ Condition ^ Retrieved Attributeswhere:\Entity" is a formula with the only logical operators ^ (conjunction) or_ (disjunction), and where predicates are only monadic predicatescorresponding to Entity types. This part of the query de�nes thetype of entities which must be retrieved.\Condition" is any formula of the object language. This part de�nes theconditions these entities have to satisfy.\Retrieved Attributes" is a formulawith only^ logical operator and wherethe predicates are only predicates corresponding to Attributes. Thispart de�nes the attribute values the user wants to know.Moreover the following syntactical constraints are imposed to the formof the queries:� any free variable of the Condition part must be a free variable of theEntity part or of the Retrieved Attributes part.� queries must be Domain Independent formulas, in the sense de�nedin [6].Queries are represented at the meta level with the predicates:8



� Query (x): x is a query.� Entity (x,y), Condition (x,y), Ret-Att (x,y): y is the code of a formulawhich respectively represents the Entity part, the Condition part andthe retrieved attributes part of a query x.We have also to notice that the additional information provided inthe Cooperative Answering approach cannot be represented in generalwith a unique formula. Indeed, as we have shown in the example of theintroduction, this information should be represented by several \tableaux"having di�erent structures, in particular di�erent attribute number, whichcorrespond in Logic to formulas having di�erent free variable number.Then one way to represent the query transformation result would be aset of queries. However that would lead to the idea to have an answerwhich is a set of \heterogeneous tableaux", which is not so natural thanto have a unique tableau where the number of attributes is not the samefor each raw. This latter representation is more natural since it carrieson the intuitive idea that, depending on the value of some attributes ina given raw, some other additional attribute values must be provided ornot for this raw.That is the reason why, though from a theoretical point of view thetransformation result is a set of queries, we have de�ned a speci�c logicaloperator, called pseudo-imply, denoted by =), which allows to representthis set of queries with a unique query. This operator is not just a trickto have a more concise representation, it also allows an easier de�nitionof transformation rules as we will see latter.This can be made clearer with a simple example. Let's consider thequery qt1:qt1:Entity: Flight(x)and let's assume that, applying an expert rule, we have to generate a newquery which provides the price of 
ights, only for those which are veryexpensive. Let's Expensive(x) be a formula de�ning the very expensive
ights. Then, in our formalism, the transformation result is:F light(x) ^ (Expensive(x) =) Price(x; y))The intuitive meaning of this formula is that if, for a given x value,Expensive(x) is false, the formula has only one free variable, which is x,and if Expensive(x) is true, the formula has two free variables, which arex and y. That is the y value is provided only for expensive 
ights.That could be also represented by the two queries:qt2: Flight(x) ^ :Expensive(x)qt3: Flight(x) ^ Expensive(x) ^ Price(x,y)A more formal de�nition of the pseudo-imply operator can be foundin [5]. In the following, the queries containing the =) operator are called\heterogeneous queries". 9



The formal de�nition of the answers is de�ned as usual (see for example[8]). For heterogeneous queries the answer, is formally de�ned as the setof answers to the queries represented by the unique heterogeneous query.In [5] we have shown that it is more meaningful to present these answersin the form of instantiated formulas than in the form of tuples. In theexample in the Annex answers are represented in this form.4 Expert's knowledge representationIn this section is presented the knowledge which allows the systemto simulate the behaviour of a person who has experience in answeringquestions for users who have to design a plan or to take a decision. Forinstance this person may be a salesman in a travel agency.This knowledge contains a user's representation, because the interestof some piece of information strongly depends on the user's characteristicsand believes. It also contains general rules to derive what are the user'stopics of interest, and general rules to derive what are the attribute forwhich it is relevant to provide the values.Some of this rules express general expertise in Cooperative Answering,others depend on the application domain.4.1 User representationThe user representation can be more and more sophisticated. In thissection we just want to show how it can be expressed in our formalism.The simplest way to represent a user is to have a set of user's types,and to tell what is the type of a given user. For example if we �nd usefulto know if a user is traveling for touristic reasons, or for business, we canintroduce the two corresponding user's types.These types are represented at the meta level with the meta predicate:� User-type(x)and we may have, at the meta level:� User-type(Tourist)� User-type(Businessman)We can also represent common sense believes which are assumed byany user.For example, if no fact contradicts them, all users will assume thefollowing rules:� A 
ight is available from January 1st to December 31st.� A 
ight is available all days of the week.� A 
ight is not a surcharge 
ight.10



These believes could be represented at the object level by the rules:D1: 8 (x)Flight(x) �! Validity(x,01/10,31/12)D2: 8 (x,y)Flight(x) ^ Day(y) �!Works-on(x,y)D3: 8 (x)Flight(x) �! :Surcharge(x)These rules are assumed \by default", but users know that they canhave exceptions. The facts which express these exceptions are interestingfacts and must be provided to the user.At the meta level, to represent these knowledge, we introduce in thelanguage the predicate:Normal-Belief(\E(x)",\a",\C(x)"): For any entity x of type E, all usersassume that the condition C(x) holds; if it is not the case, the valueof the attribute a has to be provided for the entity x.Example:RD1: Normal-Belief(\Flight(x)",\Validity", \Validity(x,01/01,31/12)")RD2: Normal-Belief(\Flight(x)",\Works-on",\8(y) Day(y) �! Works-on(x,y)")RD3: Normal-Belief(\Flight(x)",\Price", \:Surcharge(x)")are respectively the translation at the meta level of the object rules D1,D2 and D3.4.2 Rules to recognize interesting topicsThe rules R7 and R8 are independent of the application domain. Therule R7 expresses that the topics related to attributes which appear in thequery are interesting topics for this query:R7: 8 (q, a, top)(Appear (q, a) ^ Att-Top (a, top)) �! Int-Top (q, top)where the meta predicates:� Appear(x,y)� Int-top(x,y)mean that the attribute y appears in the query x, and the topic y isinteresting for the query x. The predicate Appear is de�ned by severalrules which decompose the condition part and the retrieved attribute partof the query. 11



The rule R8 expresses that in the topic structure the concept of interestis inherited:R8: 8 (q, top, top')(Int-Top (q, top) ^ ISA (top', top)) �! Int-Top (q, top')The following rule RD4 is only valid in the application domain of atravel agency. It says that the topic Money is an interesting one for anyquery asked by users who are travelling for tourism:RD4: 8 (q)Query (q) ^ User-type (Tourist) �! Int-Top (q, Money)4.3 Rules to derive relevant attributesThe rule R9 allows to derive the relevant attributes from the topicswhich have been recognized to be interesting. The rule says that if thereis in the Entity part of the query an entity v of type e, which has anattribute a related to an interesting topic then it is relevant to provide inaddition the value of this attribute for the entity v. This value will be thevalue of the object variable v1, whose code is a constant at the meta level.R9: 8 (q, e, x, top, a)(entity (q, \e(< x >)") ^Int-Top (q, top) ^Att (a, e) ^Att-Top (a, top))�! Rel-Att (q, \e(< x >)", \a(< x >,v1)")where Rel-Att (q, \e(< x >)", \a(< x >,v1)") means that it is relevantto provide the value of the attribute a for the entity x of type e, whichappears in the Entity part of the query q.As object predicates have di�erent number of arguments, it is impor-tant to notice that v1 actually represents a tuple of object variable codes.If several attributes, say a1 and a2, of the same entity type e arerelevant, the atomic formulas a1(x,v1) and a2(x,v1) might be added inthe retrieved attribute part of the query. This would lead to introducea link, through the object variable v1, which is completely arti�cial. Toavoid this situation it is necessary to change the variable names when theretrieved attribute part is generated. For example, in this case, a2(x,v2)is generated, instead of a2(x,v1).We also use the following rules:R10: 8 (q,E,x1,x2,a,C,C')entity(q,\E(< x1 >)") ^Normal-Belief(\E(< x2 >)",a,C) ^Substitute(C,x2,x1,C0)�! Rel-Att(q,\E(< x1 >)",\(:C') =) a(< x1 >,v1)")The rule R10 expresses that if there is a query about entities x1 of typeE and there is a fact, like RD1, RD2 or RD3, representing normal believes12



C about this type of entities, then the value of the attribute a must beprovided for the entities which do not satisfy C; that is for entities whichare exceptions. The pseudo-imply, in Rel-Att, allows to represent theseexceptional situations.The Substitute predicate change the variable name x inC(x) in Normal-Belief, into the corresponding variable name in the query. Intuitively, wehave to express that the condition C applies to entities satisfying thequery.4.4 General rules to transform a queryThe general rules de�ning the transformed queries are listed below.We have �rst a set of rules R11, R12 and R13 whose role is to derivethe set of atomic formulas de�ning the entity types which appear in theEntity part of the query:R11: 8 (q, e)Entity(q,e) �! atom-entity(q,e)R12: 8 (q, e1, e2)atom-entity(q,\e1 ^ e2") �! atom-entity(q,e1) ^ atom-entity(q,e2)R13: 8 (q, e1, e2)atom-entity(q,\e1 _ e2") �! atom-entity(q,e1) ^ atom-entity(q,e2)where the meta predicate atom-entity(x,y) means that in the Entity partof the query x appears the atomic formula y.The rule R14 expresses that if there is an entity type which is notdisjoined with an entity type appearing in the query, then, by extension,this entity type is considered as an entity type of the query.R14: 8 (q, e, e', x)Entity-type (e') ^ atom-entity (q, \e(< x >)") ^ :DIS (e, e')�! entity (q, \e'(< x >)")where the meta predicate entity(x,y) means that the entity type y is notdisjoined with some entity type in the Entity part of the query x.The reason why we have introduced the predicate entity is that itmay happen that, in a query an atomic formula appears in the Entitypart, for example man(x), and that it is possible to derive for anotherentity type, for example teacher(x), which is not disjoined with man(x)and doesn't appear in the query, that it is relevant to provide the valueof some attribute a for teachers, but not for any man. In this situationthe formula: teacher(x) =) a(x; y) is added to the list of attributes to beretrieved, though teacher(x) is not in the query.The formulas DEF1 and DEF2 de�ne two meta predicates used in therules R15 and R16.The meta predicate Rel-Att-for-all(q,f) means that it is possible toderive for all entity types in the Entity part of the query that the attributerepresented by the atomic formula f is relevant for these entity types.13



The meta predicate Rel-Att-for-some(q,\e(< v >)",f) means that theattribute represented by f is relevant at least for the entity type e, whichis not disjoined with some entity type in the query q.DEF1: 8 (q,f)Rel-Att-for-all(q,f)  !8(e,v) 9(e') (atom-entity(q,\e(< v >)")�! Rel-Att(q,\e'(< v >)",f) ^ ISA(e,e'))DEF2: 8 (q,e,v,f)Rel-Att-for-some(q,\e(< v >)",f)  !entity(q,\e(< v >)") ^ Rel-Att(q,\e(< v >)",f)The rule R15 expresses that if an attribute f is relevant for any entitytype in the query, then it must be added in the list of attributes to beretrieved.R15: 8 (q,f)Rel-Att-for-all(q,f) �! Add-Att(q,f)The rule R16 expresses that, if an attribute f is relevant for some entitytype, but not for all entity types, then the attribute value of f has to beprovided additionally, only for entities of type e. That is why the formulaadded in the list of attributes to be retrieved contains a pseudo-imply.R16: 8 (q,e,v,f)Rel-Att-for-some(q,\e(< v >)",f) ^ : Rel-Att-for-all(q,f)�! Add-Att(q,\e(< v >) =) f")5 Example of query transformationWe show below a short example of transformed queries obtained bythe derivation process. Only the most important steps of the derivationare exhibited.Let's consider the following query:Query (qt1)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)")We have: Entity (qt1, \Flight(x)")then from R11, we get: atom-entity(qt1, \Flight(x)")From R1, we get: ISA (Flight,Flight)then from R5, we get: :DIS (Flight,Flight)14



and by using R14, we get: entity (qt1, \Flight(x)")We have:Appear(qt1,Departure-time)Att-Top(Departure-time,Time-table)then, from R7, we get: Int-Top(qt1,Time-table)We have:Att(Arrival-time,Travel)ISA(Flight,Travel)then, from R6, we get: Att(Arrival-time,Flight)We have: Att-Top(Arrival-time,Time-table)then from R9, we get:Rel-Att(qt1, \Flight(x)", \Arrival-time(x,v1)")From RD1, RD2, RD3 and from R10, we get:Rel-Att(qt1, \Flight(x)", \:Validity(x,01/01,31/12) =) Validity(x,v1,v01)")Rel-Att(qt1, \Flight(x)", \:(8(y) Day(y) �! Works-on(x,y))=) Works-on(x,v1)")Rel-Att(qt1, \Flight(x)", \::Surcharge(x) =) Price (x,v1)")From DEF1 and R15, and after formula simpli�cation, we get:Add-Att(qt1, \Flight(x)", \Arrival-time(x,v1)")Add-Att(qt1, \Flight(x)", \Surcharge(x) =) Price (x,v1)")Add-Att(qt1, \Flight(x)", \9(y)(Day(y) ^ :Works-on(x,y))=) Works-on(x,v1)")Add-Att(qt1, \Flight(x)", \:Validity(x,01/01,31/12) =) Validity(x,v1,v01)")We have noticed in the previous section that when new atomic for-mulas are inserted in the list of attributes to be retrieved, it can happenthat the same variable appears in several predicate arguments, and intro-duces arti�cial links. That is the case, for example for the variable v1 inDeparture-time(x,v1), Price(x,v1), Works-on(x,v1) and Validity(x,v1,v01).To avoid that, the Rename predicate changes the variable name v1 in theabove formulas into v1, v2, v3 and v4.Finally we get the transformed query qt2:Query (qt2)Entity (qt2, \Flight (x)")Condition (qt2, \Departure-city (x,Paris) ^Arrival-City (x,New-York) ^Departure-time (x,y) ^ (8 < y) ^ (y < 12)")Ret-Att (qt2, \Departure-time (x,y) ^Arrival-time (x,v1) ^Surcharge (x) =) Price (x,v2) ^9(y)(Day (y) ^ :Works-on (x,y))=) Works-on (x,v3) ^15



:Validity (x,01/01,31/12) =) Validity (x,v4,v01)")6 ConclusionWe have presented a method, and its formalization, called CooperativeAnswering, to provide additional interesting information when a user asksa Relational query to a Data Base.General rules are used to represent the expertise of a person having along experience in providing information to people who are not familiarwith a given application domain. To determine what is the interestinginformation the method also uses a high level description of the Data Basecontent which is much more rich, from a semantic point of view, than astandard Relational schema. This description uses Entity Relationshipmodel concepts, plus a structure of entity types, and the concept of topic.The notion of interesting topic is very useful to de�ne the interestinginformation. It o�ers a di�erent and complementary approach to theapproach followed by J.F.Allen in [1, 2], where the interesting informationis de�ned using the notion of plan. A plan is a list of actions. The systemknows a set of prede�ned plans, and if it recognizes, from user's queriesthe intention to realize some action in a given plan, then it provides to theuser the additional information which can help him to realize the otheractions in the plan. The plans allow a more precise de�nition of interstinginformation than topics, but there are many situations where the user hasno precise plan in mind when he is asking a query, or where there is noprede�ned plan in the system corresponding to what he wants to do. Inthese cases the prede�ned plans cannot be used.We have also shown how the representation of some user's normal be-lieves allows to de�ne another kind of interesting facts. These facts arethose which contradict the normal believes.The method which is presented is formalized in First Order Logic. Thissimple and well known formalism has a precise semantics. It was slightlyextended with the introduction of a new logical operator, called pseudo-imply, which is used to represent heterogeneous transformed queries witha single formula.A �rst prototype of the Cooperative Answering method has been imple-mented in Prolog. The straightforward implementation of logical axiomsin Prolog introduces some changes in their semantics, due to the negationevaluation by failure. Indeed the theories which are considered are notcomplete and contain non Horn clauses. However these changes have fewconsequences, and don't introduce inconsistencies.References[1] J. F. Allen and D. J. Litman. Plan, goals and natural language.Research review, Computer Science and Engineering. University ofRochester, 1986. 16
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A List of Meta Predicates used in this paperTo help the reader, we give below the list of the meta predicates whichare used in this paper.� Entity-type (x), Attribute-value-type (x): These predicates introducetwo kinds of type: the Entity type and the attribute value type.� Type (x,y): For the predicate x, y is the list of argument types.� Att (x,y): x is an attribute of y where y is an entity type or a rela-tionship.� ISA (x,y): x is a sub-case of y.� DIS (x,y): x and y have no common element.� Topic (x): x is a \topic".� Att-Top (x,y): x is an attribute or a relationship related to the topicy.� Query (x), Entity (x,y), Condition (x,y), Ret-Att (x,y): Predicatesintroduced to represent a query.� Appear (x,y): The attribute or the relationship y appears in the queryx.� Int-Top (q,top): The topic top is interesting for the query x.� Normal-Belief(\E(x)",\a",\C(x)"): For any entity x of type E, allusers assume that the condition C(x) holds; if it is not the case, thevalue of the attribute a for x has to be provided.� Rel-Att (x,y,z): It is relevant to provide the value of the attribute zfor the entity y when it appears in the Entity part of a query x.� atom-entity (x,y): The atomic formula y appears in the Entity partof the query x.� entity (x,y): The entity type y is not disjoined with some entity typewhich appears in the Entity part of the query x.� Rel-Att-for-all (x,y): The attribute y is relevant for all the entitytypes which appear in the Entity part of the query x.� Rel-Att-for-some (x,y,z): The attribute z is relevant at least for theentity type y, which is not disjoined with some entity type whichappears in the query x.� Add-Att (x,y): The formula y provides interesting additional infor-mation for the query y.
18



B Completeness and Soundness proofCompleteness: let's consider a set of axioms Obj-ax at the object levelof the form: (T(x) �! T'(x)), or :(9(x) T(x) ^ T'(x)), and theset of corresponding axioms Meta-ax, at the meta level, of the form:ISA(T,T') or DIS(T,T'). Moreover, let F be a set of facts Entity-type(T1) : : : Entity-type(Tn) where T1 : : : Tn is the set of predicateswhich appear in Obj-ax. Then any theorem, at the object level, ofthe same form, which is derivable from Obj-ax, has a correspondingtheorem at the meta level which is derivable fromMeta-ax, S and F .Proof: Let's assume Obj-ax ` 8x(T1(x) �! T2(x)).Then, there are two possibilities.1. The clause :T1(x)_T2(x) is a tautology. This implies that T1 =T2.In that case, there is a corresponding derivation in fMeta-ax,S,Fg.Indeed, we have Entity-type(T1) and fromR1 we get ISA(T1; T1)2.2. The clause :T1(x)_T2(x) is derivable using Resolution principlefrom Obj-ax.There are two cases where the resolution inference rule can beapplied to two clauses in Obj-ax.The �rst case is when it is applied to two clauses like::T (x) _ T 0(x) and :T 0(x) _ T 00(x)The resolvant is : :T (x) _ T 00(x), which has the same form asthe clauses in Obj-ax.The second case is when it is applied to two clauses like::T (x) _ T 0(x) and :T 0(x) _ :T 00(x)The resolvant is: :T (x) _ :T 00(x), which has the same form asthe clauses in Obj-ax.For each inference step in this theory, there is a correspondinginference step in fMeta-ax,S,Fg.Indeed, in the �rst case we have:ISA(T; T 0) and ISA(T 0; T 00)and from R2 we get: ISA(T; T 00).In the second case, we have:ISA(T; T 0) and DIS(T 0; T 00)and from R4 we get: DIS(T; T 00).Therefore, there is a proof of ISA(T1 ; T2) from fMeta-ax,S,Fgwhich corresponds to the proof of :T1(x)_T2(x) from Obj-ax 2.The same reasoning applies to theorems of the form :T1(x)_:T2(x)2.Soundness: each theorem of the form ISA(T,T') or DIS(T,T') derivablefrom Meta-ax, S and F at the meta level, has a corresponding the-orem, at the object level, of the form: (T(x) �! T'(x)) or :(9(x)T(x) ^ T'(x)), derivable from Obj-ax.Proof: Let's assume we have: Meta-ax,S,F ` ISA(T1; T2).Meta-ax and F are two sets of ground formulas formed with thepredicates : Entity-type(x), ISA(x; y) or DIS(x; y).19



All the facts relative to ISA(x; y) derivable from Meta-ax, S and Fcan be obtained by applying a standard forward strategy.Then, it is easy to check that each application of a rule in S has acorresponding derivation in Obj-ax 2.The same reasoning applies to theorems of the form DIS(T1; T2) 2.

20



C Example of program executionThe query presented in this annex refers to the example which is usedalong the paper. It shows an initial query, and a transformed query whichprovides the value of additional attributes. The answers have the form offormulas, instead of tuples. We use the syntax of predicate calculus where\&" denotes the conjunction, \==>" denotes the pseudo-imply =) whichhas been introduced in previous sections and \Not" denotes the negation.
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