Designing a library to supportmodel-oriented generalizationGiuliana DettoriI.M.A C.N.R, Via De Marini 616149 Genova, Italye-mail: dettori@ima.ge.cnr.itEnrico PuppoI.M.A C.N.R, Via De Marini 616149 Genova, Italye-mail: puppo@ima.ge.cnr.it1. ABSTRACTModel-oriented generalization modifies the in-ternal representation of a map to make itsimpler. We present a layered library suppor-ting this task, based on a separation of the to-pological, metric and semantic aspects ofmaps. We outline the theoretical framework ofour approach, and describe the main structureof its software layers.1.1KeywordsModel-oriented generalization, cartographic generalization,plane map, layered library, topology.2.INTRODUCTIONThe process of modifying maps in order to suitablyrepresent them at smaller scales is known as generalization.We can distinguish two different kinds of generalization,which involve different operations [9, 6, 11]. Model-oriented generalization aimes at reducing the informationdensity in a map and affects its internal representation inthe context of a GIS. Here a map is first of all a digitalmodel that includes numerical data, relations between themand semantic information. Great importance is given to theconsistency of internal data through increasing levels ofabstraction. On the other hand, cartographic generalizationoccurs at graphic representation level and is traditionallyperformed by cartographers to improve legibility. Bothkinds of generalization are non-algorithmic tasks since theyinvolve both exact rules and as yet unquantifiableconsiderations. Nevertheless, it is important to providetools that support generalization operations, and helpmaintaining consistency of results through such processes.Most literature in this context offers a non-homogeneouschoice of tools to solve specific subtasks, while a syste-matic treatment of the whole problem is still missing.In our previous work, we have proposed a formal frame-work to model and manipulate maps through differentlevels of abstraction [10], and we have analysed andformalised in this context the main classes of operations ingeneralization [4]. The distinction between topologicalaspects, related to the structure of a map, and metricaspects, related to the size and appearance of its features, isa key point of our approach. Our framework permits one tomodify maps by means of a minimal kernel of elementaryoperations, and to preserve topological consistencybetween representations at different levels of abstraction inthe context of a unified multi-resolution model. The theoryunderlying our framework, as well as issues on multi-resolution, are developed further in a companion paper [2].Here, we address the design of a library to supportgeneralization, which is based on the mentioned model andkernel of operations.Our library has a layered architecture with increasing levelsof specialization, conceived as a part of a layered model ofGIS. Its kernel is formed by several groups of primitiveoperations that permit construction and modification of agraph representing a map, as well as inquiries on the attri-butes and relations of its elements. This basic kernel ismade available to three independent transformation modu-les, devoted to perform topological, metric and semantictransformations and consistency checks, as well as to a hi-gher-level layer, performing model-oriented generalization.The transformation modules are available to the model-oriented layer, which combines their operation. Cartogra-phic generalization can be added on top of this layer, and,in turn, is available to a drawing layer. On top of all is thelayer of applications.The paper is organised as follows. Section 3 shortlyreviews the theoretical tools we use to model plane maps;Section 4 discusses model-oriented and cartographicgeneralization; Section 5 describes the architecture of theproposed library; Section 6 describes the content of thekernel, in particular of its generalization primitives; Section7 outlines the combination of operations in the model-oriented layer; Section 8 gives some concluding remarks.3. MODELING PLANE MAPSA plane map is defined as a disjoint covering of a portionof the plane with a collection of spatial entities, namelypoints, lines, and regions. This definition is analogous tothose adopted by other authors and in some commercialsystems [7, 8]. In this section, we review the formal modelsfor maps that we introduced in our earlier work [3, 10].Lines in a map are always simple (i.e., a line cannot self-intersect). A line can be either open, or closed. We approximate generic lines with polylines, hence a line l isdescribed by a sequence of vertices. Extreme vertices in thesequence, called endpoints of l, form its boundary. If l isclosed, its two endpoints are coincident, thus its boundaryis made up of a single point.A plane map is a triple M = (P, L, R), where R, is the set ofconnected components, called regions, obtained byremoving the plane graph (P, L) from the real plane.Therefore, each region is an open set. A region can haveholes, cuts, and punctures, caused by internal loops of lines,dangling lines, and isolated points, respectively. There is aunique unbounded region, called the infinite region, whichsurrounds the domain of the map.The combinatorial boundary of a region r is the collectionof points and lines of M that form the topological boundaryof r. The regularization r* of r is obtained by filling its cutsand punctures: more formally, r* is the interior of the clo-sure of r [12]. The elements of (P, L) inside r* (cuts andpunctures) are called the features of r, while those belon-ging to the topological boundary of r* form the properboundary of r. The proper boundary can be subdivided intoloops: an external loop surrounding r, and zero or more in-ternal loops surrounding its holes. Each loop is a closedchain formed by some lines and their endpoints. The com-binatorial boundary of r is formed by the union of its featu-res and of its proper boundary, and it completelycharacterises the geometry of r .We model the topological structure of a map M through apurely combinatorial structure, called an Abstract CellComplex (ACC). An ACC is a triple G= (C,

p

, ord), whereC is a set of atomic cells,

p

is a strict partial ordering on C,called bounding relation, and ord: C

→

{0, 1, 2}, calledthe order function, is such that for every pair of cells g1 andg2 in C, g1

p

g2

⇒

ord (g1) < ord (g2).The ACC describing a map M has one cell for each element(point, line, region) of M; for each pair of cells g1 and g2,w e h a v e g1

p

g2 if and only if the entity of Mcorresponding to g1 belongs to the combinatorial boundaryof the entity of M corresponding to g2; the function o r d gives the dimension of the entity corresponding to eachcell: 0 for points, 1 for lines, and 2 for regions. In thesequel, we overload the name of a cell to denote also itscorresponding entity in the map. The star of an entity g1 isthe set *g 1 of all entities containing g1 in their topologicalboundaries. Based on the definitions above, all topologicalrelations among entities in a map can be translated intorelations between cells of the corresponding abstract cellcomplex, expressed in terms of

p

, ord, and * (see [10, 1]for details).A complete description of a map is given by addinggeometric and semantic attributes to cells of an ACC. Thegeometry of each point is given by its Cartesiancoordinates. The geometry of a polyline is given by itsendpoints, which can be retrieved from the ACC throughthe relation

p

, and by the sequence of its internal vertices.The geometry of a region is given by its boundary, whichcan be retrieved from the ACC through the relation

p

.Moreover, each entity in the map can have a set of semanticattributes attached to it.4.MODEL-ORIENTED ANDCARTOGRAPHIC GENERALIZATIONThe classical literature on generalization lists a set of basicoperations that affect the structure and appearance of mapsin various ways [9], namely: selection, which discards someobjects that are no longer relevant in the generalized map;collapse, which represent some object with a lower-dimen-sional entity (e.g., a city is represented with a point); aggre-gation, which represents a group of objects with a singleentity; simplification, which reduces the level of detail inthe geometric representation of lines; displacement, whichmoves entities apart from each other in order to improvelegibility; exaggeration, which modifies the shape of someentity to a caricature in order to highlight some shapefeatures; and symbolization, which replaces an entityrepresenting an object with a proper graphical symbol. In[4], we have discussed how such operations affect thetopological and metric structure of a map, pointing out thatonly some of them modify the information in a map, whileothers are just pertinent to its graphical representation.Model-oriented generalization refers to the modification ofthe internal representation, in order to feed computer-aidedtools for map analysis and geographic reasoning with alighter model to work on. While performing this task, it isimportant to apply inherently consistent operations, whichallow any tool working on a generalized map to produceresults that are not in contradiction with those obtained on amore detailed map. Model-oriented generalization mayaffect the topological structure of the map by reducing thenumber of objects represented (detail); it may affect metricsby reducing the accuracy of representation of each entity(shape); it may affect semantics by reducing the attributesattached to each entity and the discrimination among diffe-rent types of objects represented (classification). Topologi-cal abstraction seems somehow more basic than metric andsemantic ones, and it can induce changes of geometricaland/or semantic nature, while the latter two can occur inde-pendently of each other and usually do not influence thetopological structure. Model-oriented generalization mayperform selection, collapse, aggregation, and simplificationoperations. The first three operations modify the structureof a map, while the last one just modifies its shape.If our purpose is to obtain a graphical representation of amap to be interpreted by people, generalization is aimed atorganizing data both to convey the proper amount and kindof information, and to make the graphical representation asclearly legible as possible. Once we have decided whatinformation we want to include (through model-orientedgeneralization) we must decide how to display such infor-mation. This latter task consists in modifying the mapmodel further through cartographic generalization, and togenerate a proper drawing from it.Cartographic generalization may perform displacement andexaggeration, as well as further line simplification. It doesnot change the amount of information encoded in the map,but rather makes it better readable by people. In this case,we can relax some consistency constraints, as long as theresult is improved from the point of view of human inter-pretation. Indeed, some operations can produce inherentlyinconsistent results.

5.GENERAL ARCHITECTURE OFOUR LIBRARYOur library is devoted only to model-orientedgeneralization. Since model-oriented and cartographicgeneralization have different purposes, use differentoperations, and the former must be used before the latteralso when producing only drawings, we decided that theyshould be organized in two separate software layers. Thegeneral architecture of our library and its integration withCartographic Generalization, Drawing and Applicationlayers are depicted in Figure 1.The library is essentially composed of a basic kernel, on thelowest layer, an intermediate transformation layer, made upof three independent modules devoted to topological,metric and semantic transformations, and an upper layer formodel-oriented generalization, which lays on top of boththe kernel and the transformation layers. As concerns itsintegration within a complete GIS system, the model-oriented generalization can interact with cartographicgeneralization, with drawing modules, and with applicationprograms, which, in turn, can be seen as being one abovethe other. The kernel must be available to all higher layers,since it contains several groups of functions necessary toset and retrieve information related to all aspects of a map,i.e. relations among entities, numerical values describingtheir shapes, and their semantics.The transformation layer is composed of three independentmodules:The topological module includes macro operations built assequences of the atomic topological primitives in thekernel, such as the contraction of a chain to a single line orto a single point; the contraction or abstraction of acomplex feature, made up of several points and lines; etc.While the set of atomic primitives in the topological kernelhas been proved to be complete [1], a group of macrooperations of this kind obviously can not be exhaustive,though we have included in it a rich set of combinations ofprimitives; however, the fact that the kernel is alsoavailable to both the Model-oriented generalization andApplication layers can compensate for possible missingoperations. This module manipulates only the relationsbetween entities, but does not compute shape or semanticchanges involved by such manipulations.Shape transformations are computed by the metric module.This module includes both high-level operations, like linesimplification, and low-level ones, like shape modificationsinduced by a region contraction or required by drawingprocedures. For this reason, the metric module, unlike thetopological and semantic ones, must be made available alsoto the cartographic layer. While topological operators per-form structure manipulation, metric functions are essen-tially based on numerical and geometrical algorithms,which do not influence a map’s structure but only its shape.The semantic module contains information such as thre-sholds for the existence of an entity in differentdimensions, or a description of its state and use, which canhelp automate the generalization process, determining, forinstance, if a line should be contracted or abstracted, orwith which adjacent region a given region is most suitablymerged. The mechanism of inheritance and merge ofsemantic attributes over generalization is not a trivialproblem, and requires a proper set of semanticgeneralization functions; the more accurate these functions,the more effective the contribution of semantics toautomate the generalization process. However, a thoroughanalysis of this issue is beyond the scope of this paper.These three modules have been designed to work indepen-dently of each other, since each kind of operation has itsproper underlying theoretical framework. However, thethree kinds of operation are not conceptually independent,since topological primitives can induce changes both in theshape and in the semantics of the affected entities. The re-sults of the three modules are combined at the upper levelby the model-oriented generalization layer, whose func-tions activate suitable metric and semantic functions toperform the changes in shape and meaning induced whentopological modifications are performed. A reason formaking this blend at this level, instead of at the previousone, is that topological macro operations are built as(possibly) long sequences of primitive operations; hence,performing the correspondent shape transformation eachtime would be unnecessarily time consuming, besides beingmeaningless for the sake of generalization. The structureand working of this layer is illustrated in Section 7.KERNELDrawing LayerCartographic Generalization LayerApplication LayerModel-Oriented GeneralizationLayerSemantic ModuleTopological ModuleMetricModuleFig.1 - Structure of our library (shaded) and its integration with cartographic operations, drawing and applications

Cartographic generalization, drawing and applicationfunctions are not part of our library; nevertheless, we haveincluded them in the diagram of Fig.1, since theirinteraction with our library does not appear to be simply"one on the top of the other", but more articulated, whichmakes them worth a few words discussion.Cartographic generalization works on a map model andproduces another map model, modified according to aes-thetic needs, in such a way to preserve some, but not al-ways all, the topological relations in the map (the fewer re-lations are violated, the more adherent to reality is themap). In Fig.1, we put this layer on top of model-orientedgeneralization, since a displacement or an exaggerationtypically turns out to be necessary for representation at agiven scale after a structural generalization has been per-formed. Moreover, this layer must be granted access also tothe metric module, which contains numerical algorithms tochange the shape of lines, and to the kernel, whichperforms topological modifications and consistency checkson the manipulated entities and their neighbourhoods.A drawing layer, devoted only to the external represen-tation of maps, should sit on top of both generalizationlayers, since either layer can output a map model ready fordrawing. This module gets a map model and represents itgraphically on some external support, using for each entitythe appropriate symbols; in order to efficiently scan themap model, it needs to access the data structure’s navi-gation and inquiry functions, and this explains why it isgranted access also to the kernel of our library.Finally, an application layer, which sits on top of the pre-vious ones, needs to access both the model-oriented gene-ralization and the drawing layers, since map generalizationis of interest of a wide range of applications, which can beaiming both at performing operations on different elabor-ations of the original model and/or at producing graphicalrepresentations of them. Since applications might need tooperate directly on models, it is necessary that the semanticmodule and the kernel be accessible also to applications.6. THE LIBRARY’S KERNELThe kernel, on the very bottom level, includes severalgroups of functions, devoted to construction, modificationand inquiry of the data-base representing a map. Allfunctions are designed so that the consistency of the graphstructure is always preserved.For graph creation, the kernel includes:¥operators to build the topological structure; theseoperators support the creation of a map by addingelements to a simpler one. These operators can beviewed as the inverse of the transformation operatorsdescribed below.¥operators to set numerical information for each entity,such as set-line-geometry, which describes the shapeof a line through a list of points; or set-point-position,which specifies the coordinates of a point; consistencychecks guarantee that numerical values are assigned toentities only if they are compatible with the position ofthe entity in the graph;¥operators to associate semantic information to eachentity.Inquiry functions allow the retrieval of information fromthe internal representation of the map.Transformation operators perform basic topologicalgeneralization. They allow only modifications thatconsistently reduce the amount of information in the map.In [10, 2] we show that structural consistency correspondsto the fulfilment of some constraints when modifying theACC representing the structure of a map, and constitutesthe base of our generalization framework. This group isformed by seven atomic primitives which have been provedto be necessary and sufficient to express all consistentgeneralization sequences [1]. Each of them defines not onlya local modification, but also the relation between eachentity in the initial map and its correspondent entity in thegeneralized map.Consistent atomic operators can be of three kinds:Contractions refer to rubber-sheet modifications of a map;they affect a single entity by reducing its dimensionality:¥line-to point-contraction (in line l, out point p) mapsan open line l and its two end points p0 and p 1 to asingle point p in the simplified map (Fig. 2a); all linesand regions incident at p0 and p 1 m u s t b e s t r e t c h e d consistently to become incident at p;¥region-to-point-contraction (in region r, out point p)applies to a simply connected region r withoutfeatures, whose boundary consists of a single closedline l and of its endpoint q (Fig. 2b); it maps r, l and qto a single point p; all lines and regions incident at qmust be stretched consistently to become incident at p;¥region-to-line-contraction (in region r, out line l)applies to a simply connected region r withoutfeatures, whose boundary consists of a pair of openlines l0 and l1 that share common endpoints p0 and p1(Fig. 2c); it maps r, l0 , and l1 to a single line l havingits endpoints at p0 and p 1 ; the regions incident at l0and l1 from out-side r are stretched consistently tobecome incident at l.Regions to be contracted can be isolated or have some linesincident in the point(s) on their boundary; the lines to becontracted can either be features or belong to a boundary.The new entity created should inherit the semantics of theentities which have been contracted.Merge operations refer to the immersion of adjacententities obtained by abstracting their common boundaries:¥line-merge (in point p, out line l) applies to a point p,which represents the shared boundary of a pair of openlines l0 and l1 (Fig. 2d); there must be no lines otherthan l0 and l1 incident at p ; it maps l0 , l1, and p to asingle line l, having its endpoints at the endpoints of l0and l1 other than p ; regions incident at l0 and l1become incident at l ;¥region-merge (in line l, out region r) applies to a line lwhich belongs to the shared boundary of a pair ofregions r0 and r1 (Figure 2e); it maps r0 r1 , and l to asingle region r, whose boundary coincides with theunion of boundaries of r0 and r1 minus line l.The semantics of the new entity created by mergingoperations should be a merge of the two original entities

p1p(a)lp0lrqp(b)

p1p1popoll1lo(c)

ll1plo(d)rlr1ro(e)pr�(f)rlr�(g)Fig.2 - Topological primitives: line to point contraction (a); region to point contraction (b); region to line contraction (c); line merge(d); region merge (e); point abstraction (f); line abstraction (g).(e.g.; wheat field + corn field = crop field) or include bothmeanings when it is not possible to merge (e.g. lake + solidground does not make marsh). Rules for semantic mergeshould be properly set at application level.Abstraction operations refer to the elimination of featuresby merging them with their containing regions:¥point-abstraction (in point p, out region r) applies to apoint p that is isolated inside a region r’ (Fig. 2f); itmaps both p and r into a region r, whose combinatorialboundary coincides with the combinatorial boundary ofr’ minus p;¥line-abstraction (in line l, out region r) applies to a fea-ture line l inside a region r (Fig. 2g); it maps both l andr’ into a region r, whose combinatorial boundary co-incides with the combinatorial boundary of r’ minus l.With these operators, the semantics of the surroundingregion can be updated to mark (up to a certain threshold)the existence of entities which have been abstracted.Aim of the above set of topological primitives is just tomanipulate the data structures, not to determine new valuesfor their information fields. Metric and semantic changeswhich are conceptually implied by most of these operatorsare not implemented in the kernel, since thesemodifications conceptually belong to a higher level ofgeneralization.7.MODEL-ORIENTED GENERALIZATIONLet us now illustrate on a simple example how the model-oriented generalization layer splits a generalization taskamong the three transformation modules and combinestheir results. Let the configuration in Fig.3a be given; wewant to manipulate the map in order to arrive to aconfiguration whit only three large regions (Figs.3b and3c). This can be done in different ways, according to themeaning given to this operation.Case 1: We want the central region to be represented by apoint. In terms of generalization operations this correspondsto a collapse. In topological terms, this corresponds to aregion-to-point contraction; since region D is not in simpleform (its boundary has more than one line), we need toapply one of the macro-operators in the topological module,not simply a topological operator: complex-region-to-point-contraction (in region R, out point P). This function firsteliminates possible holes and features inside region D, thenapplies a line-to-point-contraction to all lines but one on theregion’s boundary; at this point the region is in simple form,and the topological primitive region-to-point-contractioncan be applied, replacing D in the data structure with asingle point. Now the metric transformations must betackled, which include: 1) to compute suitable coordinatesfor the new point P; unless different indications are given inthe semantics or are required by the user, the centroid of theoriginal region is chosen; 2) to compute an extra segmentfor the lines incident in D, in order to connect them with P;unless different prescriptions, the segment joining P withP1, P2, P3 is added to the geometry of the line. As con-cerns semantics, the new point will inherit the semantics ofregion D. Joining all parts together, a specification of thisfunction looks as in Fig. 4 below. It is evident that metricoperations do not need to be paired with every singletopological change performed. The map’s name is not

(a)DP1P2P3l(b)

(c)Fig.3 - Region D (a) can be eliminated by region collapse (b) or by region merge (c)

specified as parameter since this function is a method of adata type map in an object-oriented approach. function collapse-region (in region R, out point P);

{collapse-semantics (R, sr);

compute-centroid (R, (x,y));

inquire-incident-lines (R, List);

for each L in List, update geometry of L;

complex-region-to-point-contraction (R, P);

set-point-coordinates (P, (x,y));

set-semantics (P, sr) }.

Fig. 4 - A specification of the generalization function c o l l a p s e -r e g i o n ; collapse-semantics belongs the Semantic module;compute-centroid, update-geometry to the Metric one; complex-region-to-point-contraction to the Topological one; set-semantic,set-point-coordinates, inquire-incident-lines to the Kernel.Case 2: We want the central region to be merged into theadjacent region which is semantically closer to it. From thepoint of view of generalization, this corresponds to an ope-ration of selection if region D is considered meaningless inthe context of the map under construction, or to an opera-tion of aggregation, if we want that a trace of the existenceof this regions be preserved in the semantics. From a topo-logical point of view, in both cases a region-merge opera-tion is performed. Since the boundary l separating the tworegions to be merged might not be a single line, macro ope-rations (belonging to the Topological module) must be usedin place of topological primitives (belonging to the Kernel).If the extreme points of l are already known, we can applythe function chain-to-line, which merges all lines of a chaininto a single line; then the two regions can be merged bymeans of the region-merge primitive. If the extreme pointsof the common boundary are not known, we should use thefunction merge-adjacent-regions, which first finds thecommon boundary between two regions, then collapsesthis chain into a single line, and finally merges the two re-gions by applying the region-merge primitive. The graphi-cal result of the two operations is the same. What differen-tiates the two approaches is the result of the semantic up-date. If a selection is made, the semantic of region D issimply disregarded; if a region merge is applied, the sem-antic of the new region created is a merge of the semanticsof the two regions involved in the operation. In neither casethe geometry of the nearby lines has to be changed. Asconcerns points P1 and P2 , the decision whether to eraset h e m o r n o t d e p e n d s o n w h e t h e r t h e y h a v e r e l e v a n t semantic attributes or are just endpoints of l.This example points out that, in order to have a rich,ductile, accurate and fast library, several functions must beprovided to perform each generalization operation indifferent contexts.8.CONCLUDING REMARKSOur library aims at providing a consistent software layer todevelop applications that either need to manipulate maps atdifferent levels of detail, or directly perform generalizationin the context of GIS and cartography. The library can beused both to support interactive systems, either manual orsemi-automatic, equipped with graphical interfaces, and tosupport fully automatic systems, possibly assisted byintelligent agents.All library parts regarding structural manipulation of mapsare at an advanced stage of development. We are alsoworking on techniques to solve main metric problems,while the semantic part is at an earlier stage of design.A data structure similar to that proposed in [3] has beenadopted. The kernel is implemented in C++ byfollowing an object-oriented approach, and it is built ontop of CGAL [5], a computational geometry library thatallows its users to exploit a full spectrum of geometricdata types and algorithms.9.REFERENCES[1]Bertolotto, M. : Geometric Modeling of SpatialEntities at Multiple Levels of Resolution, Ph.D.Thesis, Dept. of Comp. & Inform. Science, Univ.Genoa, 1998[2]Betolotto, M., Dettori, G., Puppo, E. : Acombinatorial framework for managing levels ofdetail in geographic databases (in preparation)[3]De Floriani, L., Marzano, P. Puppo, E. : Spatialqueries and data models. In Spatial InformationTheory - A theoretical basis for GIS, A.U. Frank, I.Campari (Eds.), Lect. Notes in Computer Science716, Springer-Verlag, 1993, pp.113-138[4]Dettori, G., Puppo, E. : How Generalization Interactswith the Topological and Metric Structure of Maps.Advances in GIS Research II, M.J.Kraak,M.Molenaar eds, Taylor & Francis, 1997, pp. 550-570[5]Fabri, A., Giezman, G.-J., Kettner, L., Schirra, S.,Schoenherr, S. : On the design of CGAL, thecomputational geometry algorithms library, Res.Rep.MPI-I-98-007, Max-Plank Insti. for ComputerScience, 1998; http://www.cs.uu.nl/CGAL/[6]Frank, A.U., Timpf, S. : Multiple representations forcarto-graphic objects in a Multiscale tree - anintelligent graphical zoom. Comput & Graphics,vol.18, n.6, 1994, pp.823-829[7]Herring, J. : TIGRIS: topologically integrated GIS.Proc. Autocarto 8, ASPRS/ACSM, Baltimore, MD,pp.282-291, March 1987[8]Molenaar, M.: Single valued vector maps - a conceptin GIS. Geo-Informations-systeme, 2 (1), 1989[9]M�ller, J.C., Weibel, R., Lagrange, J.P., Salg�, F. :Generalization: state of the art and issues. In GIS andGeneralization: Methodology and Practice, J.CM�ller,J.P.Lagrane and R.Weibel eds., Taylor and Francis1995, pp.3-17[10]Puppo, E., Dettori, G. : Towards a formal model formultiresolution spatial maps. Advances in SpatialDatabases (Proc. SSD95), M.J. Egenhofer,J.R.Herring eds. LNCS 951, 1995, pp.152-169[11]Rigaux, P. , Scholl, M.: Multiple RepresentationModeling and Querying. Geographic InformationSystems, J. Nievergelt, T. Roos, H.-J.Scheck, P.Widmayer, Eds., LNCS 884, Springer 1995, pp.59-69[12] Tilone, R.B.: Set membership classification: a unifiedapproach to geometric intersection problems, IEEETrans. on Computers, C-29, 10, pp.874-883