
Maintenance of Binary Topological Constraints through Active DatabasesClaudia Bauzer Medeiroscmbm@dcc.unicamp.brDCC - IMECC - UNICAMP13081-970 Campinas SP Brazil Mariano Ciliamcilia@dcc.unicamp.brDCC - IMECC - UNICAMP13081-970 Campinas SP BrazilAbstractThis paper presents a system developed at unicamp forautomatically maintaining topological constraints in a ge-ographic database. This system is based on extending tospatial data the notion of standard integrity maintenancethrough active databases. Topological relations, de�ned bythe user, are transformed into spatial integrity constraints,which are stored in the database as production rules. Theserules are used to maintain the corresponding set of topologi-cal relations, for all applications that use the database. Thisextends previous work on rules and gis by incorporating therules into the dbms rather than having them handled by aseparate module.Keywords: Active databases, topological relations, spa-tial integrity1 IntroductionActive databases are systems that respond to events gen-erated internally or externally to the system itself with-out user intervention. The active dimension is supportedby production rule mechanisms, provided by the databasemanagement system (dbms). Production rules are usuallyde�ned as clauses If X then Y, where X is a predicate tobe tested, and Y is an action to be performed if the predi-cate is satis�ed. Active databases have been suggested as anappropriate solution for constraint maintenance in the caseof standard applications. No experiment has been made,however, of applying these ideas to georeferenced data.The use of rules in gis is usually treated either by meansof an external mechanism which is coupled to the geographicdatabase or in the context of deductive systems. The inte-gration and management of spatial relations within an activedbms provides the following advantages over the standardrule-based approaches:� the speci�cation and preservation of spatial relationsis handled by the dbms itself, regardless of any ap-plication code, allowing independent evolution of bothdata and application;

� the same underlying geographic database may be usedby all applications that need to have the same view ofthe world, without requiring application rewriting forconstraint checking;� di�erent applications can have distinct views of thesame database, by enabling and disabling di�erent setsof rules;� spatial relations can be treated at the same architec-tural level as the data they refer to. This helps lowlevel implementation issues, such as leaving the opti-mization of spatial operations to the dbms.The results presented in this paper are part of an on-going research at unicamp, to extend the paradigm of ac-tive database systems to incorporate maintenance of spatialrelations in the presence of updates. Given, however, thetheoretical and implementation problems in specifying andmaintaining general spatial constraints among georeferencedentities, we have so far restricted ourselves to the impor-tant problem of binary topological constraints among ob-jects stored in vector format. This solution has been imple-mented at the Department of Computer Science, unicamp.The main results presented are the following:� description of an extended active database architecturefor managing georeferenced data;� overview of the active dbms prototype developed toenforce topological binary relations.The theoretical background adopted here for specifying bi-nary relations is based on [CevO93]; the active databasesystem was implemented by combining the results reportedin [CAM93] with the object oriented spatial data model of[CFS+94]. The prototype described in the paper is beingtested on vector data collected for di�erent kinds of phe-nomena in a speci�c region of the state of S~ao Paulo, inthe domain of telecommunications planning. Data samplesare being provided by the R&D Telecommunication Centerat Campinas, who are also responsible for the de�nition ofthe topological relations. The tests performed correspondtherefore to current real world conditions.This paper is organized as follows. Section 2 describespresent research in the area of gis and rule-based systems.Section 3 gives an overview of the theoretical basis for de�n-ing binary topological relations, and their inclusion in anobject georeferenced data model. Section 4 describes theprototype developed. Section 5 shows how topological con-straints were implemented as rules in this prototype. Fi-nally, section 6 presents conclusions and future directions.



2 Active databases and GISActive object oriented dbms have proved useful in the areaof scienti�c database applications. The most common ap-plication for active databases is integrity maintenance. Anintegrity constraint, in a database environment, is a state-ment of a condition that must be met in order to maintaindata consistency. dbms have limited support for automaticmaintenance of integrity constraints. Active databases area solution to this problem, since rules can be activated uponupdate requests. Constraint speci�cation and maintenancecan then be kept independent from application develop-ment. The paradigm of active databases is useful for im-plementing or extending several database functions. Exam-ples of present research in active databases are described in[Cha92, Buc94].The basic model for active dbms is by [DBM88], wherea production rule is speci�ed as a triple (E, C, A ). Thiscan be translated into the statement When E If C ThenA. E stands for the Event upon which the rule is triggered,C the Condition to be tested, and A the Action to be per-formed if the condition is met. Events may be internal tothe database (e.g., queries, updates), or external (e.g., hard-ware interrupts). Conditions are usually predicates overdatabase states, which can be evaluated by performing aquery in some language (usually the database native querylanguage). Actions are expressed in the database program-ming language and may range from atomic actions to com-plete programs. From now on, the term rule in this paperwill denote this triple.In an active dbms, rules are stored and managed togetherwith data. The activation and computation of rules arebasically performed in three steps [MT94]:� rule triggering: a given Event is signalled, which de-mands checking the rule(s) to be executed (�red). Thisstep requires going through the stored rules to selectthe appropriate ones.� rule evaluation: the Condition part of the chosen ruleis checked, to verify if it is satis�ed;� rule execution: the Action part of the rule is per-formed, if the condition is met.The approach of combining rules and data handling isnot new in the area of gis research. In such a context,rules are used in a deductive role: they help process queries,perform data analysis or derive relationships among data.However, in most cases, rules are not integrated at the datamanagement level (as opposed to the active database philos-ophy). Rather, rules and data are treated by di�erent han-dlers as isolated components (the rule management systemand the database management system), which need inter-mediate modules to allow their communication. Usually, gisthat contemplate rules rely in coupling modules for handlinggeoreferenced data (e.g., for analysis or display) to an exter-nal rule management system. The integration of these com-ponents is provided by an expert system shell, which alsosupports spatial decision taking (see, for instance, [AD90]).Coupling the rule base to the database then requires sev-eral levels of modelling and translation among modules, aswell as demands that the user learn di�erent languages (toaccess data and to specify rules). A typical example of suchan approach appears in [KWB+93]. In this research, ArcInfo provides the spatial data and a rule base is used tofeed a reasoning program for classi�cation, re�nement andgeneralization.

Other examples of research in rules and georeferenceddata are the use of expert system shells (e.g., [SR93, SRD+91,LL93]), spatial decision support systems built by couplingspatial databases and rule sets (e.g., [YS91, AYA+92]), ex-pert systems for dense map name placement [DF92], rulebased systems for querying [WCY89] or deductive systemsbased on PROLOG [Web90]. Such approaches are not satis-factory from a data management point of view. They makeapplications very sensitive to modi�cations in the relationsamong data, and leave to programmers the burden of hav-ing to know and check all relevant constraints at each step.These solutions are language-based and therefore require ad-ditional e�ort to integrate the rule programming languagewith the chosen dbms.The mismatch between the chosen rule language and thegis database demand that users create complete new pro-grams for each data analysis performed using the rules. Typ-ically, users are required to apply successive sets of queries,store the results in intermediate �les, and then apply thechosen set of analysis and correlation rules among these �les(e.g., [LHM94]). The active database approach, on the otherhand, allows the insertion of rules in the database which canthen be used in combining results of queries without theseintermediate steps.Some steps towards bridging the gap between rules anddata management can be found in, for instance, [SA93],[PMP93, AWP93]. [PMP93] discuss the importance of arule management component as an integral part of a spa-tial database. One approach is to consider rules during thedatabase modelling process: in [SA93], rules are modelledas a speci�c class in an object oriented design methodologyfor geographic systems and implemented in an object ori-ented language. Another approach is the use of deductivedatabases: [AWP93] analyze topological relationships ex-pressed in a logic language within a deductive database, butthe emphasis is on constraint speci�cation and not mainte-nance.3 Topological relations - adopted modelThis section presents the model adopted for topological rela-tions, and the algorithm for transforming them into (E,C,A)rules.[Gut94] distinguishes between the following classes ofspatial relationships:� topological relations - those that are invariant undertopological transformations like translation, scaling orrotation. Examples are adjacent, inside, disjoint.� direction relations - those that establish relative po-sitioning of elements within some positioning system(e.g., north, south).� metric relations - those that can be expressed in scalarform de�ning measurement values (e.g., distance).Our model for de�ning topological constraints is based on[CevO93]. This work originated with the de�nition of the4-intersection model (see [EF91]), which describes binarytopological relations among area objects (connected regionswithout holes), later extended by [HT92] to include line andpoint objects.The 4-intersection model considers all the binary com-binations of region intersection: a region A is a 2D pointset with a connected interior A0 and boundary �A. If theexteriorA�1 is considered, one obtains the 9-intersection



matrix. As stressed in [CSE94], the 9-intersection matrixforms the base set from which database users can constructmore complex relationships that are appropriate to their ap-plication domain. The 4-intersection and the 9-intersectionmatrices are shown below, depicting all types of intersectionbetween two areas (regions) A and B. For instance, element(2,2) of the matrix indicates whether the boundaries of Aand B intersect. The third column and the third row belongto the 9-intersection matrix and correspond to including theexterior of A or B in the intersection evaluation. A0TB0 A0T �B A0TB��ATB0 �AT �B �ATB�A�TB0 A�T �B A�TB� !The 4-intersection matrices just indicate whether the in-tersection between two objects is empty or not, but notthe nature of the intersection. [CevO93] extended the 4-intersection matrix to consider the dimension dim of the in-tersection between any two objects (the dimension-extendedmethod) and showed formally that such an approach couldbe synthesized, for ease of handling by humans, into 5 mutu-ally exclusive topological relationships. These relationships{ touch, in, cross, overlap, disjoint { express when the di-mension dim of the intersections between two objects canbe empty, a point (0D), a line (1D) or an area (2D). In or-der to express all 52 valid binary relationships among theseobjects, [CevO93] also introduced three boundary operators,which allow returning the boundary of an object (a bound-ary line of an area or the two end points of a line).All binary topological relations can be therefore checkedagainst these �ve mutually exclusive relationships, being de-�ned by the above expressions and boundary operators. Therelationships between two objects A and B (of types line,point and area) can be expressed as follows:� (A in B) , (ATB 6= A) ^ (A0TB0 = ;)� (A touch B) , (A0TB0 = ;) ^ (ATB 6= ;)� (A cross B) , (dim(A0TB0) =(max(dim(A0); dim(B0)�1)^ (ATB 6= A) ^ (ATB 6= B)� (A overlap B) , (dim(A0) = dim(B0) =dim(A0TB0)) ^ (ATB 6= A) ^ (ATB 6= B)� (A disjoint B) , (ATB = ;)Not all relationships do apply to all object types. Overlaprelationships, for instance, can only apply to area/area andline/line but not to other situations.We implemented the dimension extended concept in ouractive system, described next.4 System descriptionOur active spatial database prototype was implemented inSmalltalk and runs in UNIX workstations. Implementa-tion details are omitted, since they are beyond the scopeof this paper. The system is object-oriented. Since there isno standard de�nition for object-oriented models, we follow[Bee89]'s class-based framework. An object is an instanceof a class and is characterized by its state (set of attributevalues), and behavior (set of methods that can be applied tothe object). An object o can be constructed out of other ob-jects o1,...,on, in which case o is called complex and o1,...,onare called the components of o. If an object is not complex,then it is called simple. Classes can be structured into in-heritance hierarchies. Objects communicate with each othervia methods.

4.1 Basic architectureThe active architecture had to satisfy two main criteria: ad-equate support for speci�cation and management of georef-erenced data; and proper integration of rules and spatialdata. The solution was to combine a georeferenced datamodel to an active database architecture.The �rst criterion was met by designing an architecturethat would automatically embed spatial modelling conceptsinto the database data model. We chose the georeferencedobject oriented data model of [CFS+94] as the basis for suchan architecture. It allows separating logical speci�cation ofentities from their implementation. This presents the ad-vantage that user de�ned concepts can be directly mappedinto database classes, thus minimizing the mismatch be-tween modelling and implementation.In this model, geographic reality is modelled accordingto four levels: the real world level, which concerns geo-graphic reality; the conceptual level, which describes enti-ties at a high level of abstraction; the representation level,where di�erent representations are de�ned for a given con-ceptual entity; and the implementation level, where the ac-tual database structures and access methods are de�ned.The second criterion { integration of rules and data { wasbased on extending the architecture of the Sentinel project[CAM93] with the spatial classes of the [CFS+94] georef-erenced data model. Sentinel is an active object orienteddatabase system which was developed to support multime-dia dbms for scienti�c applications. It must be stressed thatwe did not use the actual Sentinel implementation. Rather,we just adapted its active architecture description to buildour prototype.We chose the Sentinel architecture for two main reasons:� it treats rules as objects, which uni�es their manage-ment from a database point of view; and, more impor-tant,� it also treats events as objects, which allows associat-ing and storing several properties inside events (e.g.,temporal properties, spatial dependencies). This helpsthe speci�cation and maintenance of control over dif-ferent types of spatio-temporal relationships.The de�nition of events as objects also has the advantage offostering an open system, since event objects can be com-bined by additional operators, thus extending the event al-gebra according to the users' wishes.Events can be primitive or composite. Primitive eventsare generated by method activation, by the system clock orraised by the application. Composite events are generatedby combining primitive and composite events by means ofprede�ned operators (e.g., sequencing or disjunction).Like in Sentinel, our objects are classi�ed into three maingroups:� passive: those that can accept method execution butdo not generate (raise) any event;� reactive: those where events may be generated whenmethods are executed;� noti�able: those that can be noti�ed when events aregenerated by reactive objects.Reactive classes are de�ned as standard object classeswith an additional event speci�cation interface. This al-lows connecting these classes to di�erent types of events andrules. Rules are noti�able objects. Thus, when an event is



raised at a reactive object, the corresponding set of rules arenoti�ed and can be executed.The noti�cation mechanism is based on the idea of sub-scription. This allows connecting rules (noti�able objects)to the corresponding events (rules subscribe to events raisedby reactive objects). Rules can dinamically subscribe andunsubscribe to events de�ned at reactive classes. This helpsmodelling the dynamics of the real world. Subscription is ameans of optimizing rule activation upon event raising.Rules can be de�ned over an object or all objects of aclass. Whereas the original Sentinel architecture speci�esthat rules must be associated only to primitive events, weintroduce the notion of subscription to composite events,speeding up rule execution.
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Figure 1: Association between rules and event objectsFigure 1 shows an example of the connection among dif-ferent types of objects. Reactive Object2 noti�es Rule2when Event2 is raised, and Rule1 when Event3 is raised.Reactive Object1 noti�es Rule2 when Event1 is raised. Thisnoti�cation corresponds to executing (�ring) the correspond-ing rules; it is described as \Rule2 subscribes to < Event1raised at Object1>", and \Rule2 subscribes to < Event2raised at Object2>". Passive objects cannot notify any rule,though an object can change from active to passive duringits lifetime, if the user so desires. RuleN does not subscribeto any event, though again this situation may change di-namically, according to user needs.If Reactive Object2 were a Transformer, subject to in-tegrity constraint \Every Transformer must be placed ona Pole", then Event2 might be an update of the Trans-former's location, and Rule2 a rule to check this constraint.An execution of the position Transformer method (Event2)would notify this rule, whose Condition �eld would contain\9p 2 Pole s:t:Transformer in p".4.2 Modelling and implementing geo-objectsThe model of [CFS+94] was implemented in our prototype,with a single representation per modelled phenomenon. Theworld is assumed to be modelled in database classes { geo-referencing classes { whose objects describe regions of theEarth's surface, called geo-regions. At the conceptual level,the model supports both the �eld view and the object view

of the world ([Cou92]), distinguishing between two basicclasses of database entities: geographic �elds { for manipu-lation of continuous variables { and geographic objects { forspeci�cation of identi�able entities.As [CSE94], we also assume, for the purpose of topo-logical constraints, the object view of the world, where atopological or vector data model represents spatial objects,and we ignore the speci�cation of geo-�elds.Geographic objects (geo-objects) are identi�able entitiesin the real world and can be elementary, compound or weak.They have three main components: non-spatial attributes,other geo-objects, and a Location attribute, describing theobject's spatial characteristics. The geometry of geo-objects,described at the Representation Level of the model, is de-scribed in terms of point, line and polygon features. Thesefeatures are also objects belonging to the Geometric Repre-sentation class hierarchy. The location L of a geo-object isalso speci�ed as a complex object.An elementary geo-object has no geo-objects as compo-nents. A compound geo-object is a geo-object constructedout of other geo-objects. A weak geo-object is a geo-objectthat contains only the location attribute and exists only aslong as it is part of a (unique) compound geo-object.In our prototype, the crucial part for expressing topo-logical relations is the Location component of geo-objects.This was implemented as a class hierarchy, rooted at classLocation, where objects are described as Points, Lines orPolygons. This hierarchy can be further specialized, accord-ing to the user's needs. Geo-objects can be either passive orreactive, depending on the type of checking the user wantsto perform on them.A compound geo-object O can thus be described as:O :: tuple(tuple(NonSpatial ...), set(Geo-objects), L)Assume we want to describe a telephone network. Wemay then de�ne classes CableSection (where the Locationcomponent is based on Line segments), and Connections(Location based on Point elements). Individual cable sec-tion or connection objects may be weak or elementary. Us-ing objects from these classes, we may construct the networkdescription as nested lists of CableSection and Connectionsegments. This network uses data about street location forgeoreferencing purposes.This type of modelling eliminates the need for associ-ating real world objects to layers in order to insert themin the database. A layer is simply created by de�ning setsof interrelated objects (e.g., network layer), and geographicconstraints among layers (e.g. telephone layer and streetlayer) are expressed as constraints among the respective ob-ject representations.5 Expressing and Maintaining ConstraintsSeveral algorithms have been reported in the literature fortransforming integrity constraints expressed in a logic lan-guage into rules (e.g., [Mor84, WF90]). Since we used anobject oriented database model, we adopted the mechanismof [MA94]. It consists of analyzing the constraint to iden-tify classes and objects that may have to be checked when-ever an update occur. The database schema is then ana-lyzed to identify additional classes to be checked (due toconstraint inheritance) and to eliminate superuous entities(given method signature).The previous section showed how we combined a georef-erenced object-oriented data model and an active database



architecture in order to obtain an active object oriented spa-tial prototype. This section shows how this prototype isbeing used to enforce topological relations expressed as con-straints on geo-objects.A constraint mechanism based on active databases re-lies on two processes: (1) transformation of the constraintinto (E,C,A) rules, which involves event determination; and(2) maintenance of the constraint thus expressed. We as-sume that each binary topological relation is expressed as aconstraint in a logic language1 , using the topological rela-tionships of [CevO93].(1) Transformation StepThe transformation step we used is basically the samealgorithm de�ned in [MA94]. This algorithm is based ongenerating a set of (E, C, A) rules using only constraint anddatabase schema speci�cation.Initially, each constraint expression is analyzed togetherwith the database schema and a spatial relationship tableto determine which updates may violate it. Then, a set ofevents is generated, corresponding to pairs (u; oi) or (u;C),where u is an update method (New, Delete, Modify), oi is aspeci�c reactive geo-object and C is the name of a reactivegeo-object class. In other words, relevant events are thosethat update reactive geo-objects (either speci�c ones or anyone in a given class). The concerned geo-objects must bereactive in order to notify the appropriate rules.Event determination is divided into three categories ac-cording to the type of variables involved in the logically for-mulated constraint. Category1 involves Named objects (e.g.,Park Tower Bldg) or constraints where all objects are boundby existential quanti�ers (e.g., 9c1 2 Cables, where Cablesis a geo-object class). Category2 involves constraints whereall object variables are bound by universal quanti�ers (e.g.,8 c1; c2 2 Cables; (c1 disjoint c2)). Category3 concernsall other cases, and requires additional semantics analysis.The objects and classes involved in Category1 expressionscan only be violated by Modify and Delete updates; thoseinvolved in Category2 can be violated by Modify, Delete andInsert.(We stress that topologic relationships are checked againstthe Location components of geo-objects involved in a con-straint. Thus, the constraint that forces a Transformer tobe placed on a Pole is transformed into a constraint thatchecks the coincidence of the Locations of the two objects.)The table below shows how update events are linked tothe variables in a constraint. Existential quanti�ers indicatethat modify and delete methods may violate the constraintif applied to the Location component of the bound variable;universal quanti�ers require checking of insert and modifymethods; and named objects need checking upon modify ordelete operations. Furthermore, additional checking may berequired when deleting the last object of a class which issubject to an integrity constraint. For instance, Category2constraint (8 c1; c2 2 Cables; (c1 disjoint c2)) needs to bechecked if a new cable c is inserted in class Cables or if theLocation of an existing cable c is modi�ed.9 8 Named Objectdelete insert deletemodify modify modifydelete last delete lastThe generation of the (E, C, A) rules, once events aredetermined, is described in [MA94] and beyond the scope ofthis paper.1Formally speci�ed in [Cil95]

(2) Constraint MaintenanceThe ConstraintMaintenanceprocess requires three steps:(a) Event detection; (b) Condition evaluation; and (c) Ac-tion execution. The event detection step is automatic in ourarchitecture, because of the subscription mechanism. In-deed, once the events are de�ned at the transformation step,it is enough to make the appropriate rules subscribe to theseevents. Then, as soon as an update method that may violatea constraint is executed on a reactive geo-object, this objectnoti�es the corresponding rule. This, in turn, activates theexecution of the condition evaluation.Condition evaluation corresponds to querying the spaceof geo-objects involved in the constraint. In our implementa-tion, we restricted ourselves to geo-objects whose geometriesare Points, Linesegments and simple convex Polygons.Consider a topological constraint that involves some rela-tion R. The basic query is �nd all geo-objects that have thetopological relation R with the reactive geo-object which no-ti�ed the rule. Thus, the query is limited, on one side, tothe reactive object which raised the event, but potentially,on the other side, to the whole Location space covered bythe database.This is therefore very costly for general cases (constraintsinvolving only class names and no named objects). Con-straints which relate existing individual (named) objects areeasily checked since they just a�ect these objects and thusneed not go through the whole database upon an update.Finally, action execution corresponds to performing amethod that is de�ned in the noti�ed Rule object. In ourimplementation, this method is limited to the abort action,i.e., updates cannot be performed if they violate a con-straint. More sophisticated mechanisms can be envisaged {e.g., corrective measures, but they involve more knowledgeof an application semantics.Example:We provide a small example to give the general idea ofthe mechanism. Consider the constraint that speci�es thatall aerial telephone cable sections must be supported by apair of poles { i.e., each cable section is bound by a pole ineach extremity. In [CevO93], these extremities are obtainedby applying the boundary operators f (from) and t (to) toa line. The constraint can be de�ned as28c 2 AerCableSection; 9 p1; p2 2 Pole s:t:f(c) = p1 ^ t(c) = p2 ^ p1 6= p2.Event De�nition. This is a Category3 constraint (andtherefore requires semantics analysis to restrict the possibleevents). This constraint may be violated if a cable (univer-sally bound variable) is inserted or changes position, or ifa pole (existentially bound variable) is deleted or changesposition. The rules R1; R2 that check this constraint arenoti�ed by the following complex eventsR1 | Event1 = < insert; c > _ < modify; c:Loc >R2 | Event2 = < delete; p > _ < modify;p:Loc >where c:Loc and p:Loc are the Location components of thecorresponding geo-objects.Figure 2 shows the kinds of user actions that may vio-late this constraint: a CableSection may have its Locationmodi�ed, or one Pole may be deleted or change Location.As well, the insertion of a new CableSection needs checkingthe existence of the two Poles (not shown in the �gure).2We stress that this is a simpli�ed example, added to help under-stand the mechanism. The database schema is not included for lackof space. Details are provided in [Agu95].
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modify(pole2.loc)Figure 2: Example of Constraing ViolationConstraint Maintenance. When these events are raised,the rules are noti�ed to check the conditions. For instance, ifEvent1 is raised, rule R1 is �red and condition \�nd p1; p2s.t. f(c) = p1:Loc ^ t(c) = p2:Loc" is checked. If theanswer does not return two Poles, then the update is notallowed. Rule R2 is executed in a similar way.6 Conclusions and future workThis paper described the use of an active spatial dbms in themanagement of binary topological relations, for data in vec-tor format. This dbms was implemented in a prototypicalform at the Computer Science Department, unicamp, usingas a basis an extension of the architecture of the active dbmsSentinel. The implementation, in Smalltalk, allows de�ni-tion of georeferenced data according to an object-orientedmodel [CFS+94].The main goal of the experiment reported here was toassess the feasibility of handling topological relations in anactive database framework, with actual data. We have madesome tests with simulated data and will now proceed withreal test cases, which are restricted to point and line segmentdata.We are also analyzing the suggestion of [CSE94] to opti-mize the computation of topological relations. This requiresoptimizing the evaluation of the condition component of therule (i.e., spatial query optimization).Topological relations are just an (important) subset ofspatial constraints. As shown by [PS94], the 4-intersectionmodel must be extended with orientation information in or-der to better express spatial relationships. Thus, an ex-tension to this work would be to consider such a frame-work which, in turn, requires sophisticated orientation def-initions and additional complexity in the relation checkingalgorithms.At the present stage of the prototype, there is no ap-propriate user interface. Rather, users interact with databy means of the dbms environment, which does not allowcartographic visualization. Thus, another extension to thiswork would be to provide an appropriate interface.
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