An Integrity Constraint Checking Method for Temporal Deductive Databases.Carme Mart�n, Jaume Sistac.Departament de Llenguatges i Sistemes Inform�tics.Universitat Polit�cnica de Catalunya.Barcelona - Catalonia.Abstract We propose a method for integrity checking in thecontext of temporal deductive databases. A temporaldeductive database is a deductive database that supportssome aspect of time, in our case valid time, in which validtime is the time when the fact is true in the modelledreality. Our method augments a database with a set oftransition and event rules, which explicitly define theinsertions and deletions by database update. StandardSLDNF resolution can then be used to check satisfaction ofintegrity constraints.A temporal deductive database has to be consistent,that is, after performing an update the database mustsatisfy its set of integrity constraints. Using our method thetemporal deductive database always is consistent becauseif a retroactive or proactive update violated some integrityconstraint the update would be rejected.1 IntroductionIn the last meeting of temporal database community[5] it became clear that actual temporal database systemimplementations need an integrity constraint checkingmethod to assure the consistency of the database. Wecontribute to a solution of this problem with an integritychecking method for temporal deductive databases, sincewe think that using deductive databases one will obtain allthe reasoning advantages of these databases. Our methodaugments a temporal deductive database with a set oftransition and event rules, which explicitly define theinsertions and deletions by database update. StandardSLDNF resolution can then be used to check satisfactionof integrity constraints.[15] distinguished between two measures of time,called valid time and transaction time. Valid time is thetime when the fact is true in the modelled reality, whiletransaction time is the time when the fact was stored in thedatabase. In a glossary of temporal databases [4], theconcept of temporal database has been kept for a databasethat supports some aspect of time, in our case this time isvalid time, we call them valid time deductive databasesand we denote them vt-ddb.An integrity constraint is a condition that a database isrequired to satisfy at any time. We deal with static anddynamic constraints formulated in a first order language. Avt-ddb must be consistent, that is, when performing a past,present or futur update, that happens at some valid timepoint, it is necessary to validate whether this updateviolates some integrity constraint, and if so the updatemust be rejected. Integrity constraint checking is an essential issue,which has been widely studied in relational and deductivedatabases, but not in the field of temporal deductivedatabases. In this paper, we present a method for solvingthe problem of integrity constraint checking in vt-ddbs.The paper is organised as follows. The next Sectiondefines basic concepts of vt-ddbs and introduces a simpleexample that will be used throughout the paper. Section 3presents the key concepts of our method. Section 4describes our method for integrity constraint checking invt-ddbs. Section 5 compares our method with previousrelated work. Finally, Section 6 gives the conclusions andpoints out future work.2 Valid time deductive databasesA vt-ddb D consists of three finite sets: a set F of facts,a set R of deductive rules, and a set I of integrityconstraints. The set of facts is called the extensionaldatabase (EDB), and the set of deductive rules is called theintensional database (IDB). A base predicate appears onlyin the extensional database and possibly in the body ofdeductive rules. A derived predicate appears only in theintensional database. Every vt-ddb can be defined in thisform.Facts, rules and integrity constraints are formulated ina first order language.Let T={..., t0 , t1 , ...} be a set of times, at mostcountably infinite, over which is defined the linear (total)order <T, where ti <T tj means ti occurs before tj. The setT is used as the basis for incorporating the temporaldimension into the database. We assume that T isisomorphic to the natural numbers.We assume that database predicates are either base or derived.Base predicates and derived predicates contain a lastterm which is a valid time point ranging over the temporaldomain T. Integrity constraints use the usual operators =,>, <, ‡, £ and „ to compare a valid time points and toexpress static and dynamic constraints.Our method adopts a closed time interval model basedin the time representation of valid time informationpresented by [14].A fact is a ground atom (as usual we call an atomground if it is variable free). The last term of any fact is atime interval ranging over the temporal domain T,represented by two time points: valid time-start (ts) andvalid time-end (te). These time points correspond to thelower and upper bounds of a time interval.Each fact has a precise ts value; however, te may notbe known. In this case, te is given the default value:forever denoting an artificial time point for the end of timeready to handle future information, but that will change toprecise value when the user knows it.2.1 Deductive RulesA deductive rule is a formula of the form: p ~ L1 �...� Ln with n ‡ 1, where p is an atom, denoting theconclusion, L 1 � ... � Ln are literals representingconditions. Any variables in p, L1 � ... � Ln are assumedto be universally quantified over the whole formula. Aderived predicate p may be defined by means of one ormore deductive rules, but for the sake of simplicity, weonly show our method for the first case in this paper.Condition predicates may be ordinary or evaluable.The former are base or derived predicates, while the latterare built-in predicates that can be evaluated withoutaccessing the database.In this paper we deal with stratified databases [1] and,as usual with other deductive databases, we require the vt-ddb before and after any updates to be allowed [7].2.2 Integrity ConstraintsAn integrity constraint is a closed first order formulathat the vt-ddb is required to satisfy. We deal withconstraints that have the form of a denial:~ L1 �... � Ln with n ‡ 1,where each Li is a literal. Any variables in L1 �... � Ln areassumed to be universally quantified over the wholeformula.For the sake of uniformity we associate with eachintegrity constraint an inconsistency predicate Icn, with orwithout terms, and thus it has the same form as thedeductive rules. We call them integrity rules. Then, werewrite the former denial as:Icn ~ L1 �... � L m with m ‡ 1.The evolution through valid time of a deductivedatabase can be described by a state for each predicate.According to this evolution scheme, static and dynamicconstraints can be distinguished: the former restrict thevalidity to the current state of the deductive database,while the latter relate the validity to past and future statesin addition to the current state.2.3 ExampleBase Predicates. We present two base predicates:offered(C,T) expresses that "course C has been offered atvalid time T, and takes(S,C,T) expresses that "the student Shas been enrolled in course C at valid time T.Deductive Rules. We present two deductive rules thatdefines two derived predicates: some_enrol(C,T) expressesthat "the course C has one or more students at valid time T,and many_students(C,T) expresses that "the course C hastwo students at valid time T, at least".R.1 some_enrol(C,T) ~ takes(S,C,T).R.2 many_students(C,T) ~ takes(S1,C,T) � takes(S2,C,T) �S1 „ S2.Integrity Constraints. We present two static integrityconstraints and two dynamic integrity constraints:Static constraints: ic1 and ic2 , respectively, enforce theproperties that "a student S can only be enrolled in courseC if course C is offered" and "for course C to be offered, itmust have at least one student enrolled".IC.1 ic1 ~ takes(S,C,T) � ´offered(C,T)IC.2 ic2 ~ offered(C,T) � ´some_enrol(C,T).Dynamic constraints: ic3 and ic4, respectively, enforce theproperties that "if a student S is enrolled in the coursesoftware engineering, this student cannot be enrolled in thecourse information systems", "if two or more students wereenrolled in a course C, this course cannot have less thantwo students in the future".IC.3 ic3 ~ takes(S,software engineering,T) �takes(S,information systems,T1) � T1<T.IC.4 ic4 ~ offered(C,T) � ´many_students(C,T) �many_students(C,T1) � T1<T.3 Key concepts of our methodIn this section, we begin by defining the key conceptsof our method for integrity checking in vt-ddb. Theconcept of event, transition rule and event rule wasintroduced by [11] in the event model as an approach forthe design of information systems from deductiveconceptual models, and was improved in [16] to includedatabase and transaction design decisions.3.1 EventsLet D be a deductive database at valid time point tv, U an update and D’ the updated deductive database at validtime point tv. We assume for the moment that U consistsof an unspecified set of facts to be inserted and/or deleted.Let p(x,tv) be a predicate in D and let p’(x,tv) denotethe same predicate evaluated in D’. Assuming that p(x,tv)holds in D, where x is a vector of constants, and tv is avalid time point, two cases are possible:(1) p’(x,tv) also holds in D’ (both p(x,tv) and p’(x,tv) aretrue).(2) p’(x,tv) does not hold in D’ (p(x,tv) is true, but p’(x,tv) isfalse).And assuming that p’(x,tv) holds in D’, two cases arealso possible:(3) p(x,tv) also holds in D (both p(x,tv) and p’(x,tv) aretrue).(4) p(x,tv) does not hold in D (p’(x,tv) is true, but p(x,tv) isfalse).In case (2) we say that a deletion event occurs in thetransition, and we denote it by dp(x,tv).In case (4) we say that an insertion event occurs in thetransition, and we denote it by ip(x,tv).Formally, we associate an insertion event predicate ipwith each derived or inconsistency predicate p and adeletion event predicate dp with each derived predicate,defined as:(5) " X,T (ip(X,T) ” p’(X,T) � ´p(X,T)).(6) " X,T (dp(X,T) ” p(X,T) � ´p’(X,T)).where X is a vector of variables and T is a valid time pointvariable.From the above, we then have the equivalences:(7) " X,T (p’(X,T) ” [p(X,T) � ´dp(X,T)] ^ ip(X,T)).(8) " X,T (´p’(X,T) ” [´p(X,T) � ´ip(X,T)] ^ dp(X,T)).which relate the new state p’ at valid time point T to the oldstate p at valid time point T and the events induced by thetransaction.If p is a derived predicate, then ip facts and dp factsrepresent induced insertions and deletions respectively.If p is an inconsistency predicate, then ip facts thatoccur during the transition will correspond to violations ofits integrity constraint. For example, if a given transitioninduces iicn, this will mean that such a transition leads to aviolation of integrity constraint icn. Note that forinconsistency predicates dp facts cannot happen in anytransition, since we assume that the vt-ddb is consistentbefore the update, and thus icn is always false.We also use definitions (5) and (6) above for basepredicates. In this case, ip facts and dp facts represent theexternal events (given by the update) corresponding toinsertions and deletions of facts, respectively. Therefore,we assume from now on that U consists of an unspecifiedset of insertion and/or deletion of external events.Note that an event happens at some time instant, whilethe state of the database requires time intervals to expressthe changes produced by the transaction.Therefore, when an insertion event ip(x,t) happens in atransaction we really represent: pr(x,t,forever), and when adeletion event dp(x,t) occurs in a transaction we modifypr(x,ts,te) by pr(x,ts,t-1). We consider that representationhas to be transparent to the user and transaction should becloser to reality, for example, when a user offers a courses/he knows when this course starts, but probably s/he doesnot know when this course will end.Example. Suppose the transaction: {ioffered(databases,3),itakes(ton,databases,3), dtakes(maria,logic,3)} on the vt-ddb:offeredr(logic,2,forever)takesr(maria,logic,2,forever)takesr(jaume,logic,2,forever)takesr(jordi,logic,2,forever)If this transaction does not violate any integrityconstraint, their representation will be:ioffered(databases,3)....offeredr(databases,3,forever)itakes(ton,databases,3)....takesr(ton,databases,3,forever)dtakes(maria,logic,3)....takesr(maria,logic,2,2)3.2 Transition rulesLet p ~ L1, ..., Lm be a deductive or inconsistencyrule. When the rule is to be evaluated in the updated vt-ddb, its form is p’ ~ L1’, ..., Lm’, where Li’ (i = 1...m) isobtained by replacing the predicate Q of Li with Q’. Now ifwe rewrite each literal in the body by its equivalentdefinition, given in (7) or (8), we get a new rule called atransition rule, which defines predicate p’ in the updatedvt-ddb in terms of the old state database D at valid timepoint T of the predicates appearing in the body of the rule,and the events that occur at valid time point T.More precisely, if Li’ is an ordinary positive literalQi’(Xi,Ti) we apply (7) and replace it with:(Qi(Xi,Ti) � ´dQi(Xi,Ti)) ^ iQi(Xi,Ti)and if Li’ is an ordinary negative literal ´Qi’(Xi,Ti) weapply (8) and replace it with:(´Qi(Xi,Ti) � ´iQi(Xi,Ti)) ^ dQi(Xi,Ti)If Li is an evaluable predicate, we just replaceLi’(positive or negative) by its current state version Li.We are conscious of the resulting amount of transitionrules and we are working in some simplifications strategiesto drastically reduce them.Example. Consider the integrity constraint: ic1 ~takes(S,C,T) � ´offered(C,T).The transition rules we obtain after replacing literalsand distributing � over ^ are:ic11’ ~ takes(S,C,T) � ´dtakes(S,C,T) � ´offered(C,T) �´ioffered(C,T).ic12’ ~ takes(S,C,T) � ´dtakes(S,C,T) � doffered(C,T).ic13’ ~ itakes(S,C,T) � ´offered(C,T) � ´ioffered(C,T).ic14’ ~ itakes(S,C,T) � doffered(C,T).ic1’ ~ ici’ i = 1,...,4

Note that in the case of integrity constraints,´ici1’always holds because the vt-ddb was consistent at state D(for example, takes(S,C,T) and ´offered(C,T) in ic11’cannot happen in D), and we can simplify this transitionrule.3.3 Insertion event rulesLet p be a derived or inconsistency predicate. Insertionevents of p were defined in (5) as:" X,T (ip(X,T) ” p’(X,T) � ´p(X,T)).And replacing p’(X,T) by its equivalent definitionintuitively given in 3.2 we get:(9) ip(X,T) ~ pi’(X,T) � ´p(X,T) with i = 1, ..., mwhere m is the number of transition rules for p’(X,T).By replacing pi’(X,T) with its equivalent definitiongiven in the previous subsection, we get a set of insertionevents rules. They allow us to deduce which ip facts(induced insertions) happen in a transition. If p is aninconsistency predicate, ip facts correspond to a violationof the integrity constraint.Example. The insertion event rules for the integrityconstraint ic1 by applying (9), are:iic1 ~ ic1i’ � ´ic1 i=2..4Note that in the case of integrity constraints,´icialways holds because the vt-ddb was consistent at state Dand we can simplify this literal: iic1 ~ ic1i’ i=2..43.4 Deletion event rulesLet p be a derived predicate. Deletion events of p weredefined in (6) as:" X,T (dp(X,T) ” p(X,T) � ´p’(X,T)).And replacing p’(X,T) by its equivalent definitionintuitively given in 3.2 we get:(10) dp(X,T) ~ p(X,T) � ´p1’(X,T) � ... � ´p i’(X,T) � ... �´ pm’(X,T)By replacing p’(X,T) with its equivalent definitiongiven in a previous subsection, we get a set of deletionevents rules. They allow us to deduce which dp facts(induced deletions) happen in a transition.Example. The deletion event rules for the derivedpredicate some_enrol(C,T) by applying (10), are:dsome_enrol(C,T) ~ s o m e _ e n r o l ( C , T ) �´some_enrol1’(C,T) � ´some_enrol2’(C,T).3.5 The augmented databaseLet D be a vt-ddb. We denote the augmented vt-ddb,by A(D), to the vt-ddb consisting of D, its transition rulesand its event rules.Our method is based on SLDNF-resolution as it isshown in [12] that if SLDNF resolution is complete for D,then it will also be complete for A(D).4 A method for integrity constraint checkingin valid time deductive databasesThe augmented vt-ddb described in the previoussection can be used directly to check that a transactiondoes not produce inconsistencies. We propose an extensionof the internal events method for checking integrityconstraints in regular deductive databases [12], byincluding valid time.4.1 Our methodLet D be a vt-ddb, A(D) the augmented vt-ddb, and TRa transaction consisting of a set of external events at validtime T. If TR leads to an inconsistency then some of theiicn facts will hold in the transition. Using SLDNF proofprocedure, TR violates integrity constraint icn if the goal ~iicn succeeds from input set A(D) œ TR. If every branch ofthe SLDNF-search space for A(D) œ TR œ {~ iicn} is afailure branch, then TR does not violate icn.Thus, our method for integrity constraints checkingcan be entirely based on the use of standard SLDNFresolution. We take as the input set A(D) œ TR and foreach integrity icn, {~ iicn} as goal. Transaction TR leadsto an inconsistent vt-ddb state if there is a refutation forsome of the above goals. Otherwise, TR can be accepted,and the vt-ddb is then updated. Note that in our method thedatabase is updated after verification of constraintsatisfaction.4.2 ExamplesAssume the example temporal deductive deductivedatabase with the following facts, and relevant transitionand event rules:Relevant facts.F.3 takesr(jordi,databases,2,forever).F.5 takesr(antoni,information systems,3,forever).Relevant transition rules.T.1 ic12’~ takes(S,C,T) � ´dtakes(S,C,T) � doffered(C,T).T.5 ic33’~ itakes(S,software engineering,T) �takes(S,information systems,T1) � ´dtakes(S,information systems,T1) � T1<T.Relevant event rules.I.1 iic1 ~ ic1i’. i=2..4I.2 iic3 ~ ic3i’. i=2..4Transaction1.TR1 is {doffered(databases,2)}TR1 is an example of retroactive update. The followingrefutation shows that TR1 violates the static integrityconstraint ic1 at valid time 2.

iic11 I.1 ic12�

takes(S,C,T)

� ´d

takes(S,C,T) � d

offered(C,T)

3 TR1, C = databases, T = 2takes(S,databases,2) � ´ 4 F3, S = jordi´

dtakes(jordi,databases,2) A dtakes(jordi,databases,2) fails[ ]

dtakes(jordi,databases,2) TR1failsTR1 violates ic1

In the previous refutation, steps 1 and 2 are SLDNFresolution steps where rules of A(D) act as input clauses.We may have several rules to resolve with, although onlythe failure branch that shows the violation of the integrityconstraint is shown here.Note that at steps 3 and 4 the predicate references tothe transaction and to the database D, respectively, and wego to the transaction or to the vt-ddb to find it,respectively.At step A, the selected literal is:´dtakes(jordi,databases,2). In order to get a successfulderivation, SLDNF search space must fail finitely for thesubsidiary tree of: {~dtakes(jordi,databases,2)}.Note that in the third step we have selected literaldoffered(C,T) instead of takes(S,C,T). Given that in mostreal databases the number of facts is likely to be muchgreater than the number of events produced in a transition,it seems convenient to use a strategy of selecting first theevents (once fully instantiated if they are negative).Transaction2.TR2 is {ioffered(software engineering,8),itakes(antoni,software engineering,8)}TR2 is an example of proactive update. The followingrefutation shows that TR2 violates the dynamic integrityconstraint ic3 at valid time 8iic31 I.2

ic33 � 2 T.5

takes(S,software engineering,T)

� takes(S,information systems,T1) � ´dtakes(S,information systems,T1) � T1<T 3 TR2, S = antoni, T = 8 takes(antoni,information systems,T1

� ´dtakes(antoni,information systems,T1) � T1<8 4 F5, T1 = 3´

dtakes(antoni,information systems,3

� 3<8 A dtakes(antoni,information systems,3) fails3 < 8 5 TR2 violates ic3

A dtakes(antoni,information systems,3) TR1failsIn this case, steps 1 and 2 are SLDNF resolution stepsusing the rules of the augmented vt-ddb.Step 3 can be resolved by going to the transaction tosee whether if the selectionel literal is there.In step 4 we look for a time T1 previous to the presentone, and we have to inspect the facts to see if we can findit.At step A, selected literal is: ´dtakes(antoni,information systems,3). In order to get asuccessful derivation, SLDNF search space must failf i n i t e l y f o r t h e s u b s i d i a r y t r e e o f : {~dtakes(antoni,information systems,3)}.Finally, in step 5 we resolve an evaluable predicatethat takes us the succession of this branch.4.3 Implementation of our methodOur method is based on the use of the standardSLDNF procedure for consistency checking, and aprototype has thus been implemented in Prolog.Note that for (5) and (6) we require:" X,T (ip(X,T) ”´p(X,T)) and " X,T (dp(X,T) ” p(X,T)) and we have aprevious step that can reject updates that do not satisfythese conditions.The most difficult part of this implementation has beenthe construction of the framework of the dynamic integrityconstraints.Dynamic integrity constraints usually use undefinedvalid times to refer to past or future states in addition to thecurrent state. For example, in ic4 ~ offered(C,T) �many_students(C,T1) � ´many_students(C,T) � T1>T, T orT1 appear in the transaction, but it is necessary to find theother one in the vt-ddb to check the integrity constraint.If one do not have a temporal information that refers tothe time we are searching for in the conditions of theintegrity constraint, one need an operation to search for thevalid times where the predicate holds in all the storedhistory of our deductive database. Our Prolog programresolves the problem of the search for undefined times bytreating the case differently when the undefined valid timeappears in the conditions of the dynamic integrityconstraint as a positive literal (hold operation) and the casewhen it appears as a negative literal (does_not_holdoperation). More detailed information about theseoperations can be found in [9].5 Comparison with other methodsThere are a few but not a large number of methods forintegrity checking in deductive databases that incorporatetime, as you can see in the bibliography of this researcharea, written by [6].There are methods, such as [3], that use past temporallogic to formulate the integrity constraints. But thesemethods do not contain temporal information explicitly asin our case. [20] has a very hard restriction that our methoddoes not have: facts and rules may be added or deletedfrom the present tense only.

Plexousakis’s method [13] formulates integrityconstraints in Telos [8], a hybrid language for knowledgerepresentation. The method consists in generating aparameterized simplified structure for each literal of theintegrity constraints and the deductive rules that can beaffected by an update. The method for finding thesimplified form is an extension of Nicolas’s method [10],which includes temporal treatment.To check integrity constraints he uses a dependencygraph, which contains the parameterized simplifiedstructures of the literals of the integrity constraints anddeductive rules as nodes and the possible violations of theintegrity constraints are represented by arrows.Summarising, Plexousakis’s method needs to define aparameterized simplified structure for each literal of anintegrity constraint and deductive rule of the database, andit needs to construct a dependency graph for integrityconstraints checking. Furthermore, the method needs touse a meta-interpreter from Telos’s language toparameterize a simplified structure. In contrast, our methoduses only SLDNF proof procedure directly provided in aProlog system.6 Conclusions and further workIn this paper we have presented a method for integrityconstraints checking in vt-ddbs. Given an update, thetransition rules relate the new state to the old state and theevents induced by the update. Event rules define explicitlythe change induced by the update on the derivedpredicates.Our further work consists in completing the methodfor integrity constraints checking in vt-ddbs with: updatesof integrity constraints and deductive rules, includingmodification, recursive rules, simplifications of thetransition and event rules and to increase the efficiencyincorporating related work in this area.Like other temporal deductive database systems asChronoLog [2] and ChronoBase [17], we would try toincorporate our work in the FOLRE project [19].Furthermore, our aim is to incorporate transaction timeinto our method and to work with bitemporal deductivedatabases. A bitemporal deductive database is a deductivedatabase that supports valid time and transaction time.AcknowledgementsThe authors would like to thank Antoni Oliv� for thesupport he has given to this work and also P. Costa, D.Costal, E. Mayol, J. A. Pastor, C. Quer, M. R. Sancho, E.Teniente, T. Urp� and specially Michael Gertz for manyuseful comments and discussions.This work has been partially supported by the CICYTPRONTIC program project TIC94-0512.References[1] Apt, K.R.; Blair, H.A.; Walker, A. "Towards a theory ofdeclarative knowledge". In foundations of deductive databasesand logic programming (J.Minker ed.). Morgan Kaufmann, 1988.pp 89-148.[2] B�hlen, M. "Managing temporal knowledge in deductivedatabases". PhD thesis, Swiss Federal Institute of Technology.Z�rich, 1994.[3] Chomicki, J. "Efficient checking encoding of temporalintegrity constraints using bounded history encoding". ACMTransactions on Database Systems. June, 1995, pp 149-186.[4] Jensen, C.S.; Clifford, J.; Gadia, S.K.; Segev, A.; Snodgrass,R.T. "A glossary of temporal database concepts". Proc.SIGMOD-RECORD. Vol. 21. 1992.[5] Jensen, C.S.; Snodgrass, R.T..; B�hlen, M. "Current state oftemporal data management infrastructure". Proc. of theInternational Workshop on Temporal Databases. Z�rich.(Clifford/Tuzhilin Eds). Springer-Verlag, Sep. 1995. pp 356.[6] Kline, N. "An update of the temporal database bibliography ".Proc. SIGMOD-RECORD. Vol. 22. Num. 4. 1993.[7] Lloyd, J.W. "Foundations on logic programming". Secondedition. Springer, 1987.[8] Mylopoulos, J.; Borgida, A.; Jarke, M.; Koubarakis, M."Telos: Representing knowledge about information systems".ACM Transactions on information systems. Vol. 8. Num 4. 1990.pp 324-362.[9] Mart�n, C.; Sistac, J. "Integrity constraints checking inhistorical deductive databases". Proc. of the 5th. Int. Workshopon the Deductive Approach to Information Systems andDatabases. Aiguablava, 1994. pp 299-324.[10] Nicolas, J.M. "Logic for improving integrity checking indeductive databases". In Gallaire, H.; Minker, J. Eds. "Logic anddatabases". Plenum Press. 1978, pp 325-344.[11] Oliv�, A. "On the design and implementation of informationsystems from deductive conceptual models". Proc. of the 15th.Int. Conf. on VLDB’89, pp 3-11.[12] Oliv�, A. "Integrity constraints checking in deductivedatabases". Proc. of the 17th. Int. Conf on VLDB’91. pp 513-523.[13] Plexousakis, D. "Integrity constraint and rule maintenance intemporal deductive knowledge bases". Proc. of the 19th. Int.Conf. on VLDB’93. pp 146-157.[14] Sarda, N.L. "HSQL: A historical query language". In [18],pp 110-140.[15] Snodgrass, R.; Ahn, I. "Temporal databases". IEEEComputer. Vol 19. Num 9. September, 1986.[16] Sancho, M.R; Oliv�, A. "Deriving transactions specificationsfrom deductive conceptual models of information systems". Proc.of CAiSE’94 conference. 1994, pp 311-324.[17] Sripada, S.M.. "Design of the ChronoBase temporaldeductive database system". Proc. of the ARPA/NSF Int. Conf.on an Infrastructure for Temporal Databases. Arlington, 1993.Edited by Richard Snodgrass.[18] Tansel, A.U.; Clifford, J.; Gadia, S.; Jajodia, S.; Segev, A.;Snodgrass, R. "Temporal databases: theory, design andimplementation". Benjamin/Cummings. 1993.[19] Urp�, T.; Teniente, E.; Pastor, J.A.; Mayol, E.; Mart�n, C."FOLRE: Towards a system for the integrated treatment ofupdates and rule enforcement in deductive databases�. In Proc. ofthe Sixth ERCIM Database Research Group Workshop onDeductive and Interoperable Databases. Barcelona. Nov. 1994.[20] W�thrich, B. "Large deductives databases with constraints".PhD thesis, Swiss Federal Institute of Technology. Z�rich, 1991.