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Integration of heterogeneous, impreise andinomplete data: an appliation to themirobiologial risk assessmentPatrie Buhe, Ollivier Haemmerl�e, and Rallou ThomopoulosINA-PG, D�epartement OMIP, 16, rue Claude BernardF-75231 Paris Cedex 05, FranefPatrie.Buhe,Ollivier.Haemmerle,Rallou.Thomopoulosg�inapg.frAbstrat. This paper presents an information system developed to helpthe assessment of the mirobiologial risk in food. UQS (Uni�ed Query-ing System) is omposed of two distint bases (a relational database anda oneptual graph knowledge base) whih are integrated by means ofa uniform querying language. The spei�ity of the system is that bothbases inlude fuzzy data. Moreover, UQS allows the expression of pref-erenes into the queries, by means of the fuzzy set theory.1 IntrodutionFollowing several food safety problems, the Marrakeh Agreement was signedin 1994 during the reation of the World Trade Organization. Inluded in thisagreement, the SPS Agreement (Sanitary and Phytosanitary measures) onernsthe international trade of food, and targets the safety and protetion of humanhealth. One important priniple of the SPS Agreement is the study of risk anal-ysis. Our researh projet is part of a Frenh program that aims at building atool for mirobiologial risk analysis in food produts. This tool is based on aninformation system whih onsisted originally in a relational database ontain-ing data extrated from sienti� publiations in mirobiology. As hanging theshema of the database is quite an expensive operation, we deided to use anadditional base in order to store information that was not expeted when theshema of the database was designed, but is useful nevertheless. We hose to usethe oneptual graph model [1℄ for many reasons: (i) its graph struture whihappeared as a exible way of representing omplementary information; (ii) itsreadability for a non-speialist; (iii) its logial interpretation in �rst order logi(FOL) whih provides a robust theoretial framework; (iv) the availability ofa development platform providing eÆient algorithms; (v) the distintion be-tween the terminologial part and the assertional part of the knowledge (as inDesription Logis, for example).In UQS (Uni�ed Querying System), both bases are queried simultaneouslyby a uni�ed querying mehanism. Both have to deal with the following twospei�ities. Firstly, some of the data are impreise, like data whose preision islimited by the measuring tehniques. For instane by using a method allowing



one to detet bateria beyond a given onentration threshold (e.g. 102 ells pergramme), not deteting any baterium means that their onentration is belowthis threshold, whih is an impreise value noted \< 102 ells/g". Seondly, thebases are inomplete, as they will never ontain information about all possiblefood produts and all possible pathogeni germs. Those two harateristis led usto propose, �rstly the handling of impreise values, and seondly the expression ofdi�erent levels of preferenes in the user's seletion riteria so as to allow exiblequerying. In the bibliography onerning databases, the fuzzy set framework hasbeen shown to be a sound sienti� way of modelling both exible queries [2℄and impreise values by means of possibility distributions [3℄.In this paper, we remind briey and intuitively the Coneptual Graph modeland the fuzzy set theory in setion 2. In setion 3, we present our query languagewhih allows the expression of preferenes. Then both relational database sys-tem and Coneptual Graph knowledge base system are presented respetively insetion 4 and 5.2 Preliminary notions2.1 The Coneptual Graph modelThe Coneptual Graph model (or CG) [1℄, is a knowledge representation modelbased on labelled graphs. We use the formalization presented in [4℄. In the fol-lowing, we present the support whih ontains the terminologial knowledge, theoneptual graphs whih ontain the assertional knowledge, and the speializationrelation on CGs.The support The support provides the ground voabulary used to build theknowledge base: the types of onepts used, the instanes of these types, and thetypes of relations linking the onepts.The set of onept types is partially ordered by a kind of relation. Universaland Absurd are respetively its greatest and lowest elements. Fig. 1 presents apart of the set of onept types used in the appliation.The onepts an be linked by means of relations. The support ontains theset of relation types. An example of relation is agent whih is a binary relationallowing one to link an Ation with a Germ (whih are both onept types).The third set of the support is the set of individual markers, whih representthe instanes of the onepts. For example, Celsius degree an be an instaneof Degree. The generi marker (noted �) is a partiular marker referring to anunspei�ed instane of a onept.The oneptual graphs The CGs, built upon the support, express the fatualknowledge. They are omposed of two kinds of verties: (i) the onept verties(noted in retangles) whih represent the entities, attributes, states, events; (ii)the relation verties (noted in ovals) whih express the nature of the relationshipbetween onepts. The label of a onept vertex is a pair omposed of a onept
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Fig. 2. An example of a Coneptual GraphSpeialization relation, projetion operation The set of CGs is partiallypre-ordered by the speialization relation (noted �), whih an be omputed bythe projetion operation (a graph morphism allowing a restrition of the vertexlabels): G0 � G if and only if there is a projetion of G into G0. An example isgiven in Fig. 3. The projetion is a ground operation in the CG model sine itallows the searh for answers, whih an be viewed as speializations of a query.2.2 The fuzzy set theoryIn this paper, we use the representation of fuzzy sets proposed in [5, 6℄.De�nition 1 A fuzzy set A on a domain X is de�ned by a membership fun-tion �A from X to [0, 1℄ that assoiates the degree to whih x belongs to A witheah element x of X.
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Fig. 4. Two fuzzy sets de�ned respetively on a ontinuous and on a disrete domainThe fuzzy set formalism an be used in two di�erent ways:{ in the queries, in order to express preferenes on the domain of a seletionriterion. For example the fuzzy setHumanBodyTemperature in Fig. 4 may beinterpreted as a preferene on the required value of the riterion Temperature:a value between 36.5 and 37.5 degrees is fully satisfatory; values outside thisinterval may also be aeptable with smaller preferene degrees;{ in the data, in order to represent impreise data expressed in terms of pos-sibility distributions. For example the fuzzy set MilkProdutPreferene inFig. 4 may be interpreted as an impreise datum if the kind of milk that wasused in the experiment is not learly known: it is very likely to be full milk,but half-skimmed milk is not exluded.3 The query languageThis setion presents the query language used in both the Relational Database(RDB) and the Coneptual Graph Knowledge Base (CGKB). In the following,we present the di�erent notions we use in terms of domain relational alulus[7℄.3.1 The viewsIn our system, the notion of view is entral, sine it is used in the RDB and inthe CGKB. A view is a usual notion in databases, e.g. a virtual table in whih all



the information needed by the user is brought together. In UQS, the set of viewsan be ompared to a mediated shema. We de�ne a view by a set of attributenames whih are onsultable (they an be used as projetion attributes or asseletion attributes), and by a logial prediate whih de�nes the way the viewis omputed. The nature of suh a prediate will be preised in setions 4 and 5.De�nition 2 A view V on n(n > 0) attributes a1; : : : ; an is de�ned byV = fa1; : : : ; anj9b1; : : : ; bmPV (a1; : : : ; an; b1; : : : ; bm)g where PV is a prediatewhih haraterizes the onstrution of the view, b1; : : : ; bm being the attributesbelonging to the de�nition of the view without being onsultable1.Example 1 BaterioinInteration= fPathogenGerm;Baterioin; ExpeResult;Substrate; Duration; Temperature j PBaterioinInteration(PathogenGerm;Baterioin; ExpeResult; Substrate;Duration; Temperature)g. That view on-erns the interation of baterioins (whih are kinds of bateria) on pathogengerms.3.2 The queriesA query in UQS is always asked on a given view, by preising a set of projetionattributes and a set of seletion riteria using the form <attribute/value>.De�nition 3 A query Q asked on a view V de�ned on n attributes fa1; : : : ; angis de�ned by Q = fa1; : : : ; alj9al+1; : : : ; an(PV (a1; : : : ; an)^ (al+1 = vl+1)^ : : :^(am = vm))g 1 � l � m � n, where PV is the prediate whih haraterizes theonstrution of the view V , a1; : : : ; al are the projetion attributes, al+1; : : : ; amare the seletion attributes with their respetive values vl+1; : : : ; vm (the attributesam+1; : : : ; an are not used in that query). A value vi an be a preise value aswell as a fuzzy set. In the ase of a fuzzy set, the value is interpreted as anexpression of preferenes.A query is a partial instaniation of a given view by speifying the projetionattributes and by giving seletion values to some other attributes.Example 2 Q = fPathogenGerm; ExpeResult j 9Substrate; Duration(PBaterioinInteration(PathogenGerm; Baterioin; ExpeResult; Substrate;Duration; Temperature) ^ (Temperature = HumanBodyTemperature) ^(Baterioin =0 Nisin0))gThe query Q expresses that we want to obtain the PathogenGerm and theExpeResult from the view BaterioinInteration when the Temperature is aHumanBodyTemperature (see Fig. 4) and the Baterioin is Nisin.De�nition 4 An answer A to a query Q in UQS is a set of tuples, eah of theform fv1; : : : ; vl; Æg, v1; : : : ; vl orresponding to the values (whih an be fuzzyvalues) assoiated with eah projetion attribute a1; : : : ; al of Q, Æ being the degreeof adequation of the answer to the query, presented in [8℄.1 For readability reasons, we do not mention the attributes b1; : : : ; bm in the followingde�nitions and examples



Note that in terms of relational alulus, the formula assoiated with a queryQ implies the formula assoiated with the assoiated view V .The query proessing in UQS is the following: when a query is asked, thesystem searhes for the onsidered view both in the RDB and in the CGKB. Thenthe RDB engine and/or the CGKB engine are run in parallel, eah subsystembuilding partial answers to the query. The global answer results of the mergingof the partial answers. Note that all the views of the system need not exist inboth RDB and CGKB parts of the system.In the two following setions we present the RDB subsystem very briey,then the CGKB subsystem in more details. We will explain the link between aquery in UQS and its translation, by means of \wrappers", into a query designedfor the RDB and/or into a query designed for the CGKB.4 The RDB subsystem4.1 Presentation of the subsystemThe �rst subsystem is omposed of an RDB implemented in Orale. It is om-posed of about 90 tables, whih ontain data extrated from about 500 sienti�publiations in mirobiology. A preliminary version of this subsystem has beenpresented in [9℄. An extended version of this work is under submission.4.2 The RDB wrapperThe aess to the RDB is done by means of views, whih onsist in pre-writtenSQL queries.De�nition 5 Vdb = fV r1; : : : ; V rng is the set of views on the relational database,with PV r1 ; : : : ; PV rn the prediates haraterizing eah view.Remark 1 The prediate PV ri orresponding to a view V ri is the translationin terms of relational alulus of the SQL query whih de�nes the view.Thus the querying mehanism onsists in speifying the values of the seletionattributes, then in asking that omplemented SQL query on the RDB.5 The CG subsystem5.1 Extension of the CG model to the representation of fuzzy valuesThe seond subsystem is omposed of a knowledge base expressed in terms ofCGs. In order to allow the storage of data with the same expressivity as the datastored in the RDB, we hose to extend the CG model to the representation ofnumerial and fuzzy values in onept verties. This work is presented in detailsin [8℄2. We only reap it through examples.2 Note to the reviewer: this artile is under press. You an download a preprint athttp://www.inapg.fr/ens reh/mathinfo/personnel/ollivier/FSS.pdf



A fuzzy set an appear in two ways in a onept vertex (Fig. 5): (i) as amarker: this fuzzy set an be ontinuous or disrete; (ii) as a fuzzy type de�nedon a subset of the onept types set. In the extension of the model to the rep-resentation of fuzzy sets, we have extended the projetion operation in orderto take into aount the onept verties with a fuzzy type or a fuzzy marker.Intuitively, the notion of speialization for fuzzy sets is based on the inlusionrelation: if A and B are fuzzy sets, A is a speialization of B if and only if A isinluded in B.Fig. 5 presents an example of a projetion involving fuzzy markers. Thereis a projetion beause, in addition to the usual projetion riteria, the fuzzymarker in the seond CG is more spei� than the fuzzy marker in the �rst CG(its harateristi funtion is lower on the whole de�nition domain).
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