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Abstract. The
�

searchof semanticunderstandingin informationsystemshasled
us to take advantagefrom fields like NaturalLanguageprocessingfrom theAr-
tificial Intelligence.This is thecaseof ontolo� gieswhich� have beenusedto solve
many problemssuchas interoperabilityand integration.This paperpresentsa
point of view over specific-domainontologiesto be usedin geospatialactivi-
tieswhich arenamedspatialontologies.� An overview of ontologieswhich could
cover this needis presented,focusingon their strengthsandweaknesses.In the
lastpartwepresenttheontologyto beusedfor thesemanticintegrationof spatial
schemasin the SIT-SD (SemanticIntegration Tool for SpatialData) prototype.
This Variable-Level SpatialOntologyis beingdevelopedaspart of the SIT-SD.
In thisontologywehavedefinedthemainspatialcharacteristicsto beusedin the
inferencewith spatialinformation.

1 Intr oduction

The
�

actualtrendin thenew generationof informationsystemsis towardsemanticun-
derstanding.
�

In orderto facethis challenge,variousaspectsof knowledgeandunder-
standing� betweenhumans,users-machineandmachineshave beenexplored.Knowing
that
�

global knowledgeis almostimpossibleto be achieved, it is muchrational to di-
vide� it in domain-dependentsetsof knowledge.Firstly, we presentanoverview of the
de
�

velopmentof spatialontologies.Secondly, we presentthe constructionof onesuch
ontology� speciallyfocusedon theintegrationprocessof spatialdatabaseschemas.

Kno
�

wledgerelativeto semanticintegrity constraintscouldberepresentedinsidethe
ontology� . For example:rulesthatdo not allow a building to be interceptedby a street
se� gment;or rulesthat do not allow a constructedareaof a building to be intercepted
by
�

anotherbuilding. Many rulesobviousfor thehuman,asabove, will be includedas
additional� knowledgefor the integratortool. In Cyc ontology[10],amongothers,we
can� find somegeneralknowledge.But in a specificdomain,it will benecessaryto de-
fine
�

its specificknowledge.Oneway couldbeby meansof relationships.Reedetal.[12]
present� theinsertion

� 1 of� geographicalentities,FIPS10-4ontology, intoCyc.Thisis the

1 We usethe term insertion
�

ratherthanmapping� to
�

avoid confusionwith the terminologyused
in thispaper



simplest� formof ontolo� gymappingin whichthemissingtermsin thereferenceCycOn-
tology
�

areeasilyidentifiedandcreated.TheReed’s work is aninsertionof “instances”
of� somegeographicclass.In opposite,we proposeto increasethesemanticknowledge
at� the type level. For instance,a provinceshouldbelongonly to “one” country. In the
section� 4 we makea review of someotherapproachesthathave beendevelopedin this
direction.
�

Spatial
�

relationshipsgive moresemanticinformationthanrelationshipsfrom tradi-
tional
�

databases.In orderto take advantageof this kind of additionalknowledgein the
geospatial� domain,it is necessaryto representit in theontologyin a suitableway. We
use� in theSIT-SDprototypethiskindof informationandrelationships.Thisinformation
will� beusedin theassessmentof semanticsimilaritiesbetweenclassesat the integra-
tion
�

level of thefederatedschema.In thisprototype,we haveappliedsomealgorithms.
T
�
wo caseshavebeencoveredin previousworks[14],[9],[8]. Thefirst case,we applied

a� wordmatchingbetweenobjectclassandpartsof object.Thesecondcase,we applied
assessment� of semantic-neighborhoodmatching.

The
�

third case,which is themainsubjectof this paper, appearswhenwe applyan
Variable-DepthLevel SpatialOntology (VDLSO).

�
VDLSO is beingdevelopedaspart

of� theSemanticIntegrationTool for SpatialData(SIT-SD) project[7], [15], wherewe
ha
�

vedefinedthemainspatialcharacteristicsto beusedin thework with spatialobjects.
In thiscase,two specialsubdivisions(from thepointof view of spatialfeatures)should
be
�

considered:materialandimmaterialobjects.Material objects: it is impossiblefor
tw
�

o suchobjectsto occupy the samespace(a downtown areacannot shareits space
with� another“dif ferent”downtown area).Immaterialobjects: suchobjectsmayoccupy
the
�

samespace(a limit line with a river, or thelimit line of a provincewith a limit line
of� a country).

The remainderof the paperis organizedas follows. Section2 presentsthe foun-
dation
�

of spatialontologies,how a spatialontologywill beusedin orderto infer with
spatial� knowledge.Section3 presentsthemainaspectsto beconsideredin a developed
of� a spatialontology. It show the maindifferencewith anotherapproaches.Section4
briefly
�

reviews someattemptsof including spatialsensein someontologies.Section
5
�

presentshow we have designedandconstructeda spatialontologyto be usedin a
SIT
�

-SDproject.Althoughthescopeof thispaperonly is thespatialsense.Finally, con-
clusions� andfuturework arepresentedin Section6.

2 Foundation of Spatial Ontologies

There
�

aremany definitionsandconceptsaboutof an ontology. We agreein that the
main� purposeof a ontologyis to specifythe� intendedmeaningof� a vocabulary, i.e. its
underlying� conceptualization[4]. Normally, themeaningof theontologyterms,is taken
from
�

the consensusof a userscommunity. In our case,we aretalking aboutonepar-
ticular
�

spatialcommunity. As spatial� data,t we areconsideringdatafrom applications
like GeographicInformationSystems,computer-aideddesign(CAD), robotics,image
processing,� all of which have at their corespatialobjectsthatmustbestored,queried,
and� displayed.Althoughin this paper, muchof thework will befocusedon geospatial
knowledge.Moreover, the linesopenedin this work couldbecontinuedtowardappli-



cations� in very differentdomainslike for instancethemicrobiologywheretopological
relationships  areimportanttoo.

Thesemanticproblemsappearwhenthe integrationof differentsourcesis neces-
sary� . Semantic

¡
heterogeneityhave beenoneof the classicalproblemsin variousinte-

gration� approaches(Multidatabases,DistributedDatabases,FederatedDatabases)and
in our dayscontinuesto bea challengeto face.Figure1 presentsthemainconceptof
inte
¢

grationwith anontologyapproach(extractedfrom Guarino[4]).

AI  (L)

I  (L)B

M(L)
£

Fig.1. Two systemsA and B using the samelanguageL can communicateonly if the set of
intendedmodels¤ ¥ ¦ § ¨ and © ª « ¬  associated® to their conceptualizationsoverlap.̄ ° ± ² , setof
all models.FromGuarino[4]

Fromthe spatialpoint of view, andspeciallyfrom the domainof GIS, we should
consider� someadditionalaspectsin theintegrationproblem.A GIScommonlyis an“in-
te
�

gration” of many communities³ in a complex system.For instance,a simpletouristic
map� of thecity could includedataaboutof streets,transport(subway, subway station,
b
�
us route,bus stops),historicalbuildings, touristic buildings, interestpoints,gardens

and� so on. Often the correctdesignof the map is developedby layer
´

s2
µ
. The layers

will� be:streetLyr, transportLyr, hbuindingLyr, ibuildingLyr, interestpointL� yr, garden-
L
¶

yr andsoon.
W
·

e couldstatethat termsusedin variouslayerskeepanunivocal¸ sense,t therefore
could� usethe sameontology. However, would it be possibleto talk abouttermswith
uni� vocal sensefor a whole GIS communityor a spatialcommunity?We think that
an� additionalclassificationis necessary. Somegeneralontologieshave adoptedthis
approach,� suchasCycdefinesmicr¹ o theories.

All this illustratesthattherearemany waysof consideringtheintegrationproblem.
The
�

basiccaseappearswhendifferentcommunitiesneedto communicate,seefigure1.
In
º

this case,thecommunicationis possibleonly if theintendedmodelsassociatedwith
the
�

conceptualizationsdooverlap[4].Ontheotherhand,in aGIScommunityacommon
conceptualization� over all themes� may� not be possible(seesection3). Or perhaps,it
ev xistsonly in a very high level of conceptualization.As resultwe obtaintermswhich
are� semanticallyclosefor a theme� ,t while semanticallyfar for anothertheme� .

2
»

We take theconceptof layer from GIS wherethelayer, commonly, containsimilar character-
istic objects



For instance,in a designof the sametouristic map,for the peopledesigningthe
streetLyr,t all plantscouldbeclassifiedasgarden.Then,theconceptualizationfor
all� of themwill bethesame,andsemanticallywill beclose.Meanwhile,for thepeople
that
�

designthe gardenLyr the
�

classificationwill be completelydifferentandwith
more� detail.Obviously, bothof themhave the samemain conceptualization,for both
are� plants.Then,whencould we say that theseplantsarea garden,andwhenthese
plants� area forest,or whentheseplantsarefarming?Perhapsaddingto theobjectnot
only� thewor¼ d sense,t but alsothespatial� sense(this

�
will beexplainedin section3). Let

us� leave this questionin this point in orderto completethe example.Normally, each
local governmentcaresfor this kind of geographicinformationfor eachcity (it also
could� beatstatelevel, or countrylevel, andsoon).Now, supposea touristthatneedin-
te
�

gratedinformationfrom city A andtheneighborhoodcity B (for exampleBarcelona
and� L’Hospitalet).In an utopianandwonderfulworld, theentireconceptualizationof
the
�

city A GISwill correspondto city B GISbut this is impossible.Thispaperdoesnot
try
�

to solveall problemsderived fromthis integrationprocess.It is thecaseof situations
as,� whathappendwhennotcorrespondthelayersfrom city A to city B, andsoon.

3
½

Main aspectsto be representedin a spatial ontology

In the representationof geographicinformation,it is necessaryto take into account
the
�

main termsdefinedin this field andhow they shouldbe representedin thespatial
ontology� . (We havereviewedsomeworksfor designingour theorysuchas[13]).

3.1
¾

Theme

In
º

a GIS, thegeospatialinformationcorrespondingto a particulartopic is gatheredin
a� theme� . It is like definingthecontext or specificdomainof theknowledge.Themost
common� displayof a themeis on a map.Mapsof topography, railway network, road
netw¿ ork, city mapandweatherareexamplesof themesover a typical map.Certainly,
most� ontologiesdefinecertainthemesin their structure.For example,in Cyc ontology
there
�

aremicro theories.

3.2
¾

GeospatialObjects

In
º

orderto represententitiesof therealworld, we shouldabstractup to theconceptual
le
À

vel. A geospatialobjectcorrespondsto anentity. A themeis a collectionof geospa-
tial
�

objects.Thus,if a geospatialobjectis formedby two components,the geospatial
ontology� mustbea conjunctionof wordsenseandspatialsense.

– W
·

ORD SENSE:Usually a geospatialobject is describedby a set of descriptive
attrib� utes.Itshouldbe possibleto make inferenceswith the nameof a geospatial
object� in order to find the semanticof the word. For someyearsand until our
days,
�

mostontologieshave beendesignedto cover enoughthis sense.Many re-
searchers� from the NaturalLanguageprocessingfield have left a valuablelegacy
that
�

is presentlyimproved to be usedin almostall fields of informationsystems.



SemanticW
�

eb,SemanticIntegration,SemanticUnderstandingandsoon.However,
the
�

mostof theseontologieshave few characteristics(or noneof them)on spatial
sense.�

– SP
�

ATIAL SENSE:For anobjecttobeconsideredgeospatial,thisshouldhaveaspa-
tial
�

component.Thatis to say, if we aretalking abouta geospatialobject,we must
be
�

capableof definingspatial� attributesand� spatial� relationships. Certainly, in this
case� all entitiesin our real world could be representedby meansof a geospatial
object.� This representationdependsonthedegreeof transcendenceof theobjectto
be
�

representedand,therefore,dependson thetheimportanceof theobjectfor this
particular� theme.In thebeginning,informationsystems,andmorespecificallyData
Base
Á

systems,only have representedtheword senseof theentity. In geographical
and� spatialinformation,it shouldsearchtheway for notlosingtheadditionalintrin-
sic� semanticinformation.Therefore,a suitablespatial� ontology should� becapable
to
�

expressthe intendedmeaningof the termsusedby the geospatialcommunity.
The
�

ontologycanbelimited to thosestructuralrelationshipsamongtermsthatare
considered� relevantfor thequery. In orderto avoid confusionwith theterminology
used� in this paper, we shouldemploy the termspatial� as� a moregenericterm for
objects� with spatialcomponent(i.e.suchobjectcouldbeassociatedwith a location
relative to theEarth).
W
·

e couldconcludefrom this analysisthat,a spatialontologyshouldcover thefol-
lo
À

wing mainaspects:Â Be
Á

ableto reasonor to infer aboutspatialconceptsconsideringbothpartsof
spatial� objects.Althoughnot necessarilywith sufficient effectiveness,even if
this
�

happensonly at thefirst stage.Ã Takes advantagefrom enginesspecializedin spatialreasoning.Ä Links
¶

with variousdatabases,thesaurus,andsoon, thatcontainspecificinfor-
mation.�

Å Supports
�

thequerycapabilitiesfor spatialinformationfrom anontology. This
does
�

not meanqueriesover the dataassuch,but to be capableto enrichthe
queryÆ semantically.

The
�

main semanticinformationto be representedin a spatialontologyshouldbe
the
�

following:Ç T
�

OPOLOGICALRELATIONSHIPS
PositionAttribute:abo� ve, adjacent,below, vertical,horizontal,left, right, near,
on.� Spatial

¡
Relationship:inFrontOf, inBackOf, connect,between,distance,

cross,� through.È DIMENSION
É

Measur
Ê

e: length,
À

area,angle,andmorephysicalquantityË SHAPE
�

Dealingwith spatialprimitives like line, point,polygon,circle.Ì REFERENCE
Í

SYSTEMLatitudeandlongitude,elevation,altitude.Î GEOPOLITICAL
Ï

SUBDIVISION For instance,countrycontainsprovinces,
country� containsstates,andsoon.

At thispointwe believethata spatialontologythattakesadvantageof spatialchar-
acteristics� couldaid to solve semanticheterogeneity. For example,if we caninfer that
the
� limit of� a parkÐ normallyÑ is an strÒ eet; or a subwayÒ station is alwaysÓ near, ot r of-�
ten� to

� ovÔ er the
� subwayÒ b

�
ut at a differentaltitudeÕ ; a tunnel

Ö
is a railway tunnel if a



railway crosses× through
�

it, or it is a subwayÒ tunnel if it oØ verlaps a� subwayÒ , ot ri s a
conÙ ventional tunnel if

¢
oÚ verlaps a� rÛ oad. In all of themtherearespatialÒ objectswith�

topological
Ü

relationships besides
�

a fr
Ý

equencyf
�
actorwhich let usassessthesimilarity

among� spatialobjects.

3.3
¾

The problem of Multi representationand Multi resolution in a spatial
ontologyØ

Theproblemderived from themodelingof our world is thedifferencein the waysto
abstract� it. In themodelingprocessmany problemsof subjectivity canbeincluded.This
fact couldyield a wall impossibleto crossin the interoperabilityandintegrationpro-
cess.� Oneway to facetheseproblemsis, to startthemodelfrom a commonontology.
Which
·

meanseverydesignershoulddepartfrom thesameknowledgebase.Obviously
this
�

is anutopia.Fromthepointof view of geospatialobjects,therecouldbeadditional
problems� in the representationof spatial� sense. Multi representationandmulti reso-
lution
À

in geographicobjectshave beenchallengesfacedby many researches[16]. For
instance,
¢

a city couldberepresentedby a point.But in otherabstraction,thesamecity
could� berepresentedby a polygon. Differentshape� ,t from thespatial� sensethat

�
we are

talking
�

in thispaper, couldbeassociatedto theabstractionof thecity. It will dependof
the
�

needandthepossibleuseof theinformation.Therefore,aspatialontologyshouldbe
able� to dealwith multi-r¹ epresentationand� multi-r¹ esolutionof� spatialobject.Weexplain
in thesection5 how to facethis problem.

4 Reviewing ontologiesto beusedin spatial inference

There
�

aremany attemptsto developontologiesasatool for dealingwith spatialobjects.
W
·

emakeabrief analysisof Cyc[5],WordNet[6]andSUMO[11]lookingfor extensions
to
�

add“spatialknowledge”to theontology.

4.1 OpenCyc

Started
�

in themid eightiesby D. Lenant(MicroelectronicsandComputerConsortium).
It is,maybe,themostcommonlyusedontologyin ourdays,with enoughcommonsense
kno
Þ

wledgeto supportnaturallanguage.Due mainly to consistency problemscoming
from
�

a uniquehugeknowledgebase,it was necessaryto separatethis in “microtheo-
ries”.  Usually, a microtheoryis a knowledgedomain.However, whenit mustdealwith
se� veralmicrotheories,it is not clearhow Cyc solvestheinconsistency. This is thecase
of� GIS integrationdiscussedin section2. OpenCyc,thepublicversionof Cyc technol-
ogy� , now in release1.0shouldincludecloseto 6,000conceptsand60,000assertions.At
the
�

presenttime, it covers90%of theexpectations.It suppliesothersimplecategories
by
�

meansof links to synsetstructureof WordNet[6].
Cyc
ß

hasagraph-likestructurewheretheroot is Thing from whichIndividual
-> SpatialThing -> SpatialThing-Localized is derived, seefigure 2
(of
�

coursewe are taking into accountonly what is of interestto us). ThenCyc de-
fines asSpatialThing “The collectionof all things that have a spatialextent or



locationrelativeto someotherSpatialThingor in someembeddingspace...”. But when
we� askfor any spatialthing like for examplestreetà ,t it only mentions“streetis located
inside
¢

a city” but without spatialattributesbecauseit is only a sentence.It is alsotrue
that
�

it usescommon-languagetermsandlocutions.We proposethe representationof
these
�

spatialrelationshipsandattributesinsidetheontologysuitableto beusedin the
inference
¢

process.

SpatialThing

(from Level −1)
á SpatialThing−Localized

(from Level −1)
á

FixedStructure

(from Level Z0)

GeographicalThing

(from Level −1)
á

Thing
â

Individual

Fig.2. Basic
ã

structureof Cyc from which startour extension

4.2 WordNet

“WordNetis anon-line lexical referencesystemwhosedesignis inspiredby thepsy-
cholinguistic� theoriesof humanlexical memory”. It was developedby the Cognitive
Science
�

Laboratory(PrincentonUniversity) led by G. Miller [6]. It carriesa lexical
database
�

with which it is capableto distinguishamongthe syntacticcategories of
noun,verb,adjective, andadverb. It couldprocessesnaturallanguagealthoughabigger
database
�

will benecessaryfor asatisfactoryresult.In its 92version,it includedapprox-
imately
¢

95,000differentword forms (51,500simplewordsand44,100collocations)
or� ganizedinto almost70,100wordmeaning,or setsof synonyms.

W
·

ordNetwasdesignedfor processingnaturallanguage,for whichit is awell-suited
tool,
�

but thisontologypresentslacksonthespatialsense. Thus,WordNetprocessingis
enoughv to cover thewor¼ d senseneedsof our work, but for thespatial� sensewe� should
look for othersolutions.



It is interestingto referto theEDR ElectronicDictionarytoo,which was designed
to
�

dealwith naturaljapaneselanguageby Yokoi[17]. Cyc andWordNetdealwith the
englishv language.

4.3 SUMO an attempt toward Spatial Ontology

Created
ß

by theIEEE StandardUpperOntology(SUO)working group.TheSuggested
Upper
ä

MergedOntology[11] is anattemptto link categoriesandrelationscomingfrom
dif
�

ferenttop level ontologies.Themainfocusof this ontologywas over SemanticWeb
area.� It appearwith importantgoalsandstartedwith thepossiblespatialsense.There
are� attemptsto dealwith spatialinformation,but thework hasstopped(andcuriously
we� cannotfind news abouttheontologiesdescribedabovein theirwebsites).

SUMO
�

presentstwoparticularontologies,onefor geographyandtheotherfor trans-
portation.� If we inspectits innerstructure,wecouldfind signsof thesespatialattempts.
But it will be impossibleto satisfytheneedspresentedpreviously. Therefore,we take
adv� antageof a few characteristicsdevelopedhereto launchour own vision of spatial�
ontolo� gy.

5 Constructing the Spatial Ontology

Re
Í

viewing the ontologyclassificationmadeby Guarinoin [4], [3], we collocateour
w� ork asa Variable-DepthLevel Ontology It

º
resultsof a high-le

å
vel ontology� , whenwe

are� working with generalknowledge,and low-le
´

vel ontology� , whenwe areworking
with� detailedinformation.Thisapproachis theway morenaturalof managegeospatial
knowledge.Laterwewill explainourpointof view.

In order to formalize our concepts,we abstractthe geographicalworld in some
levels.First, theSpatialObjectinstance(e.g.Barcelona,DiagonalAvenue,Catalunya
Square)
�

in which the spatialobject is initialized with values.Second,SpatialObject
(e.g.
�

city, way, garden)which was definedabove(section2). And third, SpatialObject
Class
ß

(e.g.city class,streetclass,greenareaclass)wherethespatialobjectsaregrouped
by
�

aparticularcharacteristicandbehavior.
Furthermore,
æ

we define theme� classas� a set of spatial� classeswhich� dependof
a� domain-specific
ç

ontology (e.g.
�

tourismthemeclass).An instanceof tourismtheme
class� couldbe tourism� of Barcelona. Thus,thegeospatialworld will bedefinedasthe
set� of theme� classeswhich� dependon a geospatialontology, or geospatialknowledge
base
�

which is theresultof a consensusamongmembersof thegeospatialcommunity.
In
º

figure3 weshow ourapproach.
In
º

our approach,a spatial� objectcould� belongto morethanone theme� class. Al-
though,
�

themeaningof the termusedto definethis spatialobject,will dependon the
ontology� behindit.

F
æ
or instance,the spatialobject cityÙ could� belongto sometheme� classesb

�
ut the

meaningand the representationwill be different (rememberthe problemof multi-
resolutionandmulti-representationdiscussedin section3.3). It is clear, that theupper
part� of theontologyfor thecityÙ term

�
in thetourismthemeis irrelevant.And only a few

levels of gè eneralization are� necessary(suchasLocalized-Thing and� Spatial-Thing
é

,t



Geospatial world Maps

Geology

Tourism

Agronomy

Fig.3. Thegeospatialworld definedassetof themeclasses

see� theOpenCycbasestructureof USOin figure2). Conversely, the lower partof the
ontology� shouldconvey morelevelsof specialization� in

¢
orderto definetheknowledge

necessary¿ at this level of representation(figure4). Thus,it will benecessaryto prune
the
�

ontology[2] . Furthermore,thepreviousconceptionof thegeometryrepresentation
could� bedifferent.In theexample,at level of tourismthemethecity itself is not repre-
sented.� All thespatialobjectsin themap,shouldbelongto thesamecity. On theother
hand,thecity in a differentthemecouldberepresentedby a point classfrom thepoint
of� view of thegeometry.

Representingthe geometryin the ontology Why
·

is it necessaryto representthege-
ometry� in the abstractmodel?We believe that if

�
we want to take advantage from the

spatial� characteristicsof the objectsthenthe geometryshouldbe represented. In the
past,� someattemptsfor representingthegeometryin theabstractmodelhavebeendone.
W
·

e take into accountthework of Borgeset al.[1] whereprimitives with geometryare
defined
�

insidethemodel.They useUML notationbut addastereotypein orderto usea
small� figurein thecornerto saywhatis thegeometryof theobject.Seethefigure5 to
get� anideaof this.

Therefore
�

in our ontology, geometryshouldalso be represented.But, it should
define
�

certainlevels of abstractionin orderto enablemulti-r¹ epresentationand� multi-¹
rê esolution. Thus,theontologywill representtwo dimensions:level of abstractionand
le
À

vel of generalization/specialization.Both of themshouldbe linked. It is like tohave
å

aÓ view of theontology which dependson the level of abstraction. In figure6 we show
this
�

approach.It is similar to theuseof a GIS graphicaltool. Whenthescaleproduces
a� zoomin, theabstractdetailwill behigh,andthenmorespecialization� in theontology
is necessary(therefore,a processof addinglow level). In contrast,whenthescalepro-
duces
�

a zoomout,theabstractdetailwill below, thenmoregè eneralizationis necessary
(therefore,
�

aprocessof pruningë sheets� andto addhigh level on theontology).



CountryUrban_areaTerritory

Community

Hamlet Parish SettlementVillage

Section

Locality

Municipality

Town City

Borough

Geographical_area

Fig.4. Down partof theontologyfor city

Point

__  Curb Line

Line
ì

Polygon

Tree Building

Geo-objects with geometry
í

Geo-objects with geometry and topology
í

River  flow Water pipe
î

Join pipe
ïUnidirectional line Bidirectional line Node

Fig.5. Primitives from theOMT-G modelwherethegeometryis representedatabstractlevel



Note
ð

also, that eñ very spatial object should be considered lik e a multi-
classificationÙ object. Becauseevery spatial object should belong at least to both
spatialÒ senseand word sense.

F
ò

acingthe Multi-r epresentationand Multi-r esolution T
�
o conclude,why is it impor-

tant
�

to definethelevel of abstraction?Becauseit shouldapplythetopologicalrulesin
concordance� with thelevel of abstraction.In figure6 we show a sampleof abstraction
le
À

vels in our ontology. In thefigure, it is possibleto distinguishthe specializationfor
b
ó
uilding class(bottom

�
partin thefigure).Of course,with thisvision,whentheabstract

le
À

vel is high, new relationshipswith anotherlevel of knowledgeshouldappear. One
ev xampleis thecasewheretheabstractlevel isacity level.Then,theknowledgelevel in
the
�

ontologyshouldbeat thebuildingslevel andits specialization.But whenit is at the
country� level, the building specializationshouldbeprunedë and� the relationshipswith
another� high level of knowledgeshouldappear. Thus,a dynamicview of the knowl-
edge,v that is a variable-depthô ontology,t will benecessary. In our case,we solve in part
this
�

dynamicneedby includingin theontologya domain-le
ç

vel. In otherwords,it is a
new domainof knowledge.Wehavetranslatedthedomain-le

ç
velsto

�
OpenCyclikeami-

cro� theory. We have useda graphicrepresentationof anontologyby meansof Unified
Modeling
õ

Language(UML). We have chosenthis graphicrepresentationin collabora-
tion
�

with theODISSEAproject(http://www.lsi.upc.es/recerca/esp/recerca-esp.html) in
order� to translatefrom OpenCycto XML MetadataInterchange(XMI).

In
º

this graphicalrepresentationwe havedifferentpackagesfor representingtheab-
straction� levels. In our approach,the way of pruningthe ontology is defining levels
pre� viously. Thus,whenwe needa particularlevel, we will take into accountonly this
domain-le
�

vel (microtheoryin OpenCyc,andPackagein UML representation,seefig-
ure� 6). In conclusion,we have definedour own ontologyextendinga microtheoryin
Cyc
ß

with new spatialcharacteristicsandtakinginto accounta standardfor geographic
informationasSDTS.

Conceptual
ö

Generalization In order to representgeometryinside of the ontology,
we� definethebasicgeometryof theclassasthestartpoint,andthepossiblegeometry
transformations
�

of theclass.For example,in thecaseof abuilding class,theinitial type
for thegeometrywill bepolygon.Thepossibletransformationswill be from polygon
class� to pointclass(seetable1 ).

Therefore,
�

it is necessaryto recordthe variationaccordingto geometricshapein
order� to know thepossiblerepresentationdependingontheshapeandonthescale.This
phenomena� couldoccurin two representationvariations:accordingto gè eometricshape
and� accordingto scale� . In figure7 weshow thepossiblevariationsof therepresentation
of� a building,andacity.

In
º

orderto make inferenceswith spatialobjects,we coulddefinerulesdepending
on� our spatialobjects.In this casewe show an exampleusing spatialobjectsfrom
a� touristic mapcity. In the themewe have five “basic” spatialobjectswhich will be
disco
�

vered.Thefollowing arethenecessaryrules:
“If we could storethe knowledgerelatedto behavioramongspatial classesrep-

resentedin the ontology, then the entire knowledgewill aid to discover spatial ob-
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Fig.6. Ontology
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for road network extendingOpenCycwith SDTSStandard
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Table 1. Transformationfrom polygonclassto point class

—Let, ý ý (spatialsense)bea functionthatreturnstheshapevalueofþ thespatialobject.
And, ÿ � � � � �

(� possiblesgeometryrepresentationsof thespatialobject).If thespatial
objecthasnot transformationsthena uniquevalueof � � � exists.The function � 	 

returnsthe localizationof thespatialclass.Let � � bea function that returnsthecenter
of gravity of thepolygon. �

= spatialobject(both,spatialsenseandword sense)�
= spatialsense� � � �� �

= word sense� � � �� � � � � � �  ! � " # $ % & '  ( ) * + , - . / 0 - .
—Then:1 2 3 4 5 6 7 7 8 9 : ; < = > < ? @ A B C D E F G D H I E J K K

L M N O P P Q R S T U V W U X Y Z [ \ ] ^ _ ` a b c d d
—And, theruleof transformationin thisexample,will bethefollowing:e f g h i j k l m n o p q r s t u v v



Table 2. Using
w

wellDefx function
y

in orderto valid two spatialobjects

—Let z { and| } ~ betwo objectsthatbelongto abuilding classand, � � to
�

astreetclass,� �
to a subway stationclass,� � � to a subway class,� � � to a busstopclass.These

objectsþ aredefinedinto our ontologyasparentsof thespecializationsheets.Then,the
rule could be definedusingthis class,becauseevery elementdown to theseelements
must� follow thesamerule.
—Also, thestartgeometryis thefollowing:� � � �

belong,to polygonclass�
to
�

line class�
to point class� �

to
�

line class� �
to
�

point class
—Then:� � � � � � � � �

= TRUE � � � � � �   ¡ ¢ £ ,¤ ¥ ¦ § § ¨ ¦ © ¤ ª
= TRUE « ¬ ¬  ® ¯ ° ± ² ³ ´ µ ¶ ,

—Let · bea buffer, createdata distancedist
¸

around¹ º
—Then:» ¼ ½ ¾ ¿ ¿ À ¾ Á ¼

= TRUE Â Ã Ä Å Æ Ç È É Ê Ë Ì Í Î Ï Ð Ñ Ò Ó ÔÕ Ö ,
—Let × bea buffer, createdat adistancedist’

¸
around® Ø

Ø Ù Ú Û Û Ü Ú Ý Ø Þ = TRUE ß à á â ã ä å æ ç è é ê ë ì í î ï ð ñ òó ô
WherewellDefx is a functionwhich verifiesif thespatialobjectrelatedto anotheris well-defined.

jects,
õ

andthereforespatialclassesandschemas”. Thiskind of topologyrulescouldbe
groupedö by themaingeometryclassto which they belong.In Point Rules,Line Rules,t
and� PolygonRules.

5.1
÷

Topologicalrules in the ontologyto discover spatial objects

In
ø

real life, theknowledgeabouttopologicalrulesis a big helpto discover spatialob-
jects.

ù
For example,whensomebodytakesa touristic map,a “basic reasoning”is de-

vú elopedto discover thestreetsandblocks:aÓ streetdoesnot crossa building (it
�

is the
fundamental
û

form of reasoning).It couldtake advantagefrom spatialcharacteristicsof
the
�

objectin orderto achieve thesameobjective by a machine.We couldassumethe
possibilityü of obtainingthebasicstructureof an entity. Thatmeans,the possibility to
maký eprocessingof datain orderto usethetopologicalrulesto discover spatialobjects.

In
ø

orderto illustrateour approach,we will introducesomeaxiomsÓ . Theseaxioms
should� give us the basisand the start point in the algorithm for discovering spatial
objects.�

Basic
þ

assumptions(axioms) These
ÿ

axiomsshouldbeusedfor discoveringspatialob-
jects

ù
in thedomainof touristiccity mapstcm,asfollowing:

– Every map that belongto a theme� ,t shouldhave at leastonespatial class
common� to any othermapclassifiedin thesametheme� . Furthermore,suchspatial
class� will betheeasiestto discover.



– Basedon experience,we have deducedthata tcm shouldhave at leastonespatialÒ
objectØ member� of theStreet class. Therefore,it is possibleto find a spatial
class� memberof Axis

�
class or� CenterLine class3

�
.

– In
�

every tcm, a spatialÒ object member� of centerLine class al� wayscrosses
the
�

boundariesof themapat leastonetime.

Theprocessto discover thespatialobjectswill bedividedin thefollowing steps:

– By
�

thefirst axiomthereshouldbeat leastonebasicspatialclassfor eachtheme.
And
�

this classis theeasiestto recognize.
– It

�
is possibleto applytopologicalrulesfrom thisbasicclassin orderto discover the

most� commonclasses.
– Thenumberof themostcommonclassesin a spatialsystemof a certainthemeis

limited andis known.
– It

�
is possibleto continueincreasingtheknowledgein theontology, with new topo-

logical
À

rulesandnew spatialobjectsin orderto recognizemorespecializedclasses
in
¢

aspatialsystem.

From
æ

our exampleto recognizea touristic city map,the processwould be asfol-
lo
À

wing:

1. Searchingthebaseaxisfor streets:Any mapwith streetsshouldhavethebaseaxis.
Normally
ð

, thedistancebetweentwo consecutivecrossingsin thesameline should
be
�

around100m.Often,a line is notcrossedby any othermorethanonetime.
2.

�
Searchingof parcels:Often,a parcelis enclosedby asetof streets.

3.
	

Searchingbuildings:Normally, aboundingis enclosedby aparcel.

Topological rules betweenfeature classesEverythingleadsto definerulesbetween
spatial� objects.Normally theserulesshouldbe implementedin GIS tools in orderto
a� void datainconsistenceat thetime of input data.Thesamerulescouldbepartof our
ontology� . Thus,a processof feedbackcouldbedefinedto take advantagefrom thefact
that
�

thesesameruleswill bedefinedin theprocessof input.Theseruleswill begrouped
by
�

themaingeometryclasswhich is partof therule.Thetables3, 4, 5 show therules
(
� 


= point,� =line, � =Polygongeometrytype)4.
In
�

orderto avoid confusionwith termusedin somesoftwareproducts,we take the
definition
�

of featureclassfrom OpenGISandESRI.F

eature is

¢
therepresentationof a

real-w  orld objecton a map.a groupof spatialobjectswhich togetherrepresenta real-
w� orld entity (e.g.a complex featureis a roadnetwork). F


eature class is

¢
a collection

of� geographicfeatureswith thesamegeometrytype (suchaspoint, line, of polygon),
the
�

sameattributes,and the samespatialreference.That is, taking our definition of
spatial� objects,thegeometryrepresentationof thespatialsense.Therefore,featureclass
allo� w homogeneousfeaturesto begroupedinto asingleunit.Fromthepointof view of
our� ontology, the featureclasswill be thespatial� objectswith thesameparent. In our
ontology� (figure6), roadand� its childrenwill belongto thesamefeatureclass.

3
�

Thesetwo laterclassesarethebaselineswhena mapis digitalized.
4 This tableswerebasedin thetopologyrulesfrom someGISsoftwareproducts



All rulescould be o� verload,t that is say, if the spatialobjecthave differentshape
representation,  it couldbethesamerestriction.Thus,if abuilding ( � )

�
is representedby

polygon� the rule shouldbe,relatedto parcel( � ),
� � � � � � � � � �

(table
�

5). On theother
hand,
�

if it is representedby apoint theruleshouldbefrom table3
Thus,
�

therulesfor themainspatialobjectsin a touristicmapwill bewell definedas
follo
�

wing: ! " # # $ " % & ' ( ) * + , - . / 0 1 0 2 3 4 5 6 7 8 9
: ; < = = > < ? : @ A B C D E F G H I J K J L M N O P Q H R S
T U V W X X Y W Z U [ \ ] ^ _ ` a b c d e f g h g i c j
k l m n n o m p k q r s t u v w x y z { | } ~ } � y � � �

Thisknowledgewas introducedin theontologyby meansof rulesin theproprietary
languageof Cyc.By meansof inferencecouldbediscover thespatialobjectsin theour
e� xample.

6 Conclusionsand futur e work

In thisworkwehavepresentedthefoundationsof spatialontologies,takingintoaccount
the
�

main differenceswith classicalontologies.In our case,we have facedthe multi-
resolutionandmluti-representingof spatialobjectsby a division in ontolo� gy levels,�
thus
�

as representingthis ontologyby meansUML diagrams.It take advantageof a
tool
�

which convert Cyc structurein a XMI file capableto beusedby UML tools.We
ha
�

ve developeda variable� level ontology based
�

in Cyc structurecapableto usespatial
characteristics� for inferring. Thus,the ontologygeneratedcanwork with the spatial�
sense� and� wor� d sense. Suchbehavior is themaindifferencewith anotherapproaches.
This
�

ontologywasdevelopedaspartof SemanticIntegrationTool for SpatialData(SIT-
SD)
�

prototype.A formalizationof topologicalrulesalsohavebeenpresented.By means
of� this rules the ontologycould be enrichedwith muchknowledge.It knowledgeis
used� in order to discover spatialobjectsby meansof their spatialcharacteristics,in
contrast� with theword senseof classicalontologies.As futurework, it is necessaryto
adapt� a processinto geographicaltools(suchasArcGIS) wherethetechnicalpeopleis
introducingtopologicalrules.This ruleswill feedtheontologyin orderto obtaina real
applicable� ontologycapableto incorporateenoughknowledgefor applications.All of
which� haveat their corespatial� knowledge.
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2. J. Conesa,X. de Palol, and A. Olivé. Building conceptualschemasby refining general
ontologies.In Proceedingsof DEXA’03, pages639–702.Springer, sep2003.

3. N. Guarino. Semanticmatching:Formalontologicaldistinctionsfor informationorganiza-
tion, extraction,andintegration. In Information

�
Extraction, InternationalSummerSchool,�

LNCS,pages139–170.Springer, 1997.
4. N. Guarino.Formalontologyin informationsystems.In N. Guarino,editor, FormalOntology

in InformationSystems,� pages3–15,Trento,Italy, Jun1998.FOIS’98,IOSPress.
5. D. LenatandR. Guha. Building Large Knowledge BasedSystems:Representationand In-

fer
�

encein theCycProject.� Reading,Mass,Addison-Wesley, 1990.
6. G. Miller, R. Beckwith,C. Fellbaum,D. Gross,andK. Miller. Introductionto wordnet:An

on-linelexical database.International
�

Journal of Lexicography, 3(4):235–244,1990.
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Table 3. Topologyrules,point related,betweenfeatureclasses

Let � � � � � � � � �   ¡ ¢ £ ¤ £ ¥ be threepairsof spatialobjectsbelongingto point, line andpolygon
classrespectively.
Define ¦ as§ afunctionto ableto returnthefeatureline or point if exist selforv¨ erlap.Themeaning
of hesymbol in the left partof the tablewhentherearetwo equalsymbols(e.g. © ª « ¬  ) is that
theeachfeaturebelongto differentfeatureclass.Therefore,at thez0 level aredifferentparents.
Obviously, differentgeometrytype will lead to different featureclass.Thus,be ® ¯ a function
that return the featureclassof the spatialobject.For example,from the ontology at figure 6° ± ² ³ ´ µ ¶ · ¸ ¹ º » ¼ ½ ¾ ¿

.�
Then:
Point RulesÀ Á Â Ã Ä point insidepolygon

Å Æ Ç È É Ê Ë Ê Ì Í Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Û Ü Ý Þ ß à á â ã ä å
e.g.CountryCapitalmustbeinsideeachcountryæ ç è é ê
point becoveredby boundaryof polygonë ì í î ï ð ñ ò ó ô õ ö ÷ ø ù ú û ü ý þ ÿ � � � � � � � � � 	 

- Utility servicepointsmight berequiredto beon theboundaryof a parcel� �  � �
point becoveredby endpointof line� � � � � � � � � � � � � � � � � � � �  ! " # $ % & ' ( ) * + , - . / 0 1 2 3 1 4 5 6 6 7 8 9 : ; < = > ? @ A A
- Streetintersectionmustbecoveredby theendpointsof streetcenterlineB C D E F
point mustbecoveredby lineG H I J K L M L N O P Q R S T U V W X Y Z [ \ ]
- BusStop/Stationmustfall alongBusRoute



Table 4. Topologyrules,line related,betweenfeatureclasses

Line Rules
^ _ ` linesmustnot overlap

a b c d e d f g h i j k b l m n o p q r s t u v w x y z { | } } ~ � � � �� � � � � � � � � � � � � � � �
- Sidewalk bordersnormallyarelinescannotoverlap.� � �
linesmustnot intersect� � � � � � � � � � � � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ © ª « ¬  ® ® ¯ ° ± ² ³´ µ ¶ · ¸ ¹ º » ¼ ½ ¾ ¿ À Á Â

Ã Á Ä Å Æ Ç È É Ê Ë Ì Í Î Ï Ð Ñ Ò Ó Ô Õ Ö × Õ Ø Ù Ú Û Ü Ý Þ ß à á â ã ã ã ã
- Segmentscouldnever crossor occupy thesamespacewith otherlines.ä å æ
linesmustnot have pseudo-nodesç è é ê ë ì í î ï ð ê é ê ð î è ñ ò ó ô õ ö ÷ ø ù ú û ü ý þ ÿ � � � � � � � � � 	 
 � � 
  � � � � � � � � � � �

� � � � � � � � �  ! " # $ % & ' ( ) * + +
- Segmentsof a riversystemmight to only have nodesat endpointsof junctions., - .
linesmustnot self overlap/ 0 1 2 3 4 5 6 7 2 8 5 9 6 : ; 0 < = > ? @ A B C D E F G H I J K L M
- For transportationanalysis,streetandhighway segmentsof thesameobjectshouldno
overlapthemselves.N O P
linesmustnot self intersectQ R S T U V W X Y Z [ T V V R \ ] ^ _ ` a b c d e f g h i j
- Contourlinescannotintersectthemselves.k l m
linesmustnot intersector touchinteriorn o p q r s t q u u v w x y z { | } ~ � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � �   ¡ ¢ £

¤ ¥ ¦ § ¨ © © ª « ¬  ® ¯ ° ± ² ° ³ ´ µ ¶ · ¸ ¹ º » ¼ ½ ¾ ¾ ¾ ¾
- Whenthelinesshouldtouchat their endsandnot intersectof overlap.¿ À Á Â Ã
line mustnot overlapwith anotherlineÄ Å Æ Ç È Ç É Ê Ë Ì Í Î Å Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Û Ü Ý Þ

,ß where à á â ã ä åæ ç è é ê ë ì
- Highway cancrossandcomecloseto rivers,but roadsegmentscannotoverlaptheir
segmentsí î ï ð ñ
line mustbecoveredby anotherlineò ó ô õ ö ÷ ø ÷ ù ó ú û ü ý þ ÿ � � � � � � � � � 	

,ß where 
 � �  � �� � � � � � �
- Linesthatmake up busroutesmustbeon top of linesin a roadnetwork.� � � � �
line endpoint mustbecoveredby point� � � �  ! " # $ % & ' & ( ) * + , - . / 0 1 2 3 4 5 6 7 8 9 7 : ; < = > ? @ A B C C D E F G H I J J
- Endpointsof secondaryelectriclinesmustbecappedby eithera transformeror meter.K L M N O
line mustbecoveredby boundaryof polygonP Q R S T U V U W X Y Z [ \ ] ^ _ ` a b c d ef g h
- Polylinesusedfor displayingblock and lot boundariesmust be coveredby parcel
boundaries.



Table 5. T
i
opologyrules,line related,betweenfeatureclasses

Polygon Rules
j k l polygonsmustnot overlap

m n o p q p r s t u v w n x y z { | } ~ � � � � � � � � �� � � ,ß where � � � � � � � � � � � �
e.g.A voting district mapcannothave any overlapsin its coverage� � �
polygonsmustnot have gaps
Let, � � � � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ ¨ ¨ © ª where « ¬  ® ¯ ° ± ² ³ ´ µ ¶ · ¸ ¹ º » ¼ ½ ¾ ¿ ¿ ¿ ÀÁ Â Ã Ä Å Æ

,ß and Ç È É Ê universeset
Then: Ë Ì Í Î Ï Ð Ñ Ò Ó Ô Õ Ö × Ø Ù Ú Û Ü Ý Þ ß à á â ã ä å æ ç è é ê ë ì í î ï ð ñ
- Soil polygonsthatcannotincludegapsnor formsvoid.ò ó ô õ ö
polygoncontainspoint÷ ø ù ú û ü ý þ û ü ÿ � � � � � � � � � 	 
 � � � �
- Parcelsmustcontainsat leastoneaddresspoint� � � � �
polygonboundarymustbecoveredby line� � � � � � � � � � � �  ! " # $ % & ' ( ) * + , -
- Major roadlinesform partof outlinesfor censusblocks. / 0 1 2
polygonmustcover to anotherpolygon3 4 5 6 7 8 9 4 : ; < = > ? @ A B C D E F G
- AutonomousCommunitiescover to Provinces.H I J K L
Must becoveredbyM N O P Q R S R T N U V W X Y Z [ \ ] ^ _ ` a b
- Provincesmustbecoveredby AutonomousCommunitiesc d e f g
polygonmustnot overlapwith anotherpolygonh i j k l k m n o p q r i s t u v w x y z { | } ~ � � � �

, where � � � � � �� � � � � � �
- Lakesandlandparcelsfrom two differentfeatureclassesmustnot overlap.� � � � �
Must cover eachother� � � � � � � � � � � � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ © ª « ¬  ® ¯ °

,ß where ± ² ³ ´ µ ¶· ¸ ¹ º » ¼ ½
- Vegetationandsoilsmustcover eachother.

Where:Objectsare indicatedby upper-caseletters (e.g. ¾ ¿ À ),
Á

their boundariesare denoted
as Â Ã , andtheir interior areaas Ä Å (therefore

Æ Ç È É Ê Ë Ì Í
). The boundary’s point object is

consideredto bealwaysempty(hencethepoint is equivalentto its interior),andtheboundary’s
line is comprisedof its two endpoints.A functioncalled Î Ï Ð , is usedto returnthedimensionof
anobject,andreturns0 if theobjectis a point,1 if it isa line, or 2 if it isa polygon.



ÑÓÒÕÔ×ÖÕØÚÙÛÖÝÜÞÒÕßàÙâáãÒåäçæèÒÕßêéìëãÖíÙîéìÒíïñðóòôðèïõÙöÒíÜ÷ÒíïâøùßôúüûÝØýÜÿþÖíÙîð�� ï
� ß ð��ìÒ Øýïùð ÙÛÖíÙ��óû æ ð Ù þÒ�� ß ð�� ÖÞáãÒ	� ÖíÙöÖíæèëãß�
ìÖ

� ÒÕïîÒÕÖíØ����� ÒÕÔ û ØöÙöï����������

������� �"!$#%�'&(�")+*-,/.10�2%35460 798;:=<?>@<?AB460 792$>C2EDGFH2�IKJ$>@2%3L7�4�I$M�2-2(NLOP>RQS4%A'7�4$>@0 TVU�,WI XY<SZ[AB4%798G\�2$.Y>@]�4�0 7�2$>�T[^V)`_aRbdcegfhYidj�^
k=l�m�n apo m6q h�bd^�r l

������� �"!$#%�"s-�")t*vuw2$3/N14$A(7 T[2$>�2ED;xy<V0 z2-]$T{0�2�FwA|<(]$7�8V0~}w�-2$>@<�uw2$>�8'<?>@0 A|4�0 7�2$>�^R�;bE_6jd�d_R^�� l
������� �"!$#%�"�-�")�*���2$�w4$A|]$T=0 z<�]�<��G>R7�0 792%>�2ED;4C0�4$�$2$>@2%3LJ~Dd2$A�0 z<�8'260 T�NRA|2V]$.�8V0R��T�3C4$A(�S<-0�^��/� m$��m ^� ��m hYa�� m

��l
������� �"!$#%��#$�")�*�xp2-]�<VI IK7�>YX�uG2V4�IK7�0 792$>�\�2$A(3C4�0 7�2$>+2$QS<?Ap��7 3C</D[2$A�O'0�<?AB460 7�Q$<�uw2-4�IK790 7�2$>�:=4$3C<?T[^�� ciVbE�ga m �

� m�¡Cq _�¢V^�� lRm�n a¤£¥� �g��¡ _�¦|¦V^�� l
������� �"!$#%�"§-�")+*%O'I�Ig<¨X4�I-,wXY<d>�0 T©�u�A|<'4�0 7 >X�ª�z2�I IKJ;O|>@]�<BN1<?>@]�<?>@0�,/.�0�2$>@2%352%.T~«w>�0 790 7�<dT�7 >�}~>@IK7 >@<{ª¤2%A[Ig]$Td^

£¬� �g��¡ _�¦|¦-^R� l
������� �"!$#%�"-�")t*�,/>�,/>�4�IKJ$T'7 T�F~4�0�0�<dA(>®D[2%A;«HIg<'8-0 A|2$>R7�8;xy4$A'�$<V0KN@Ig4�8(<dTd^�¯;hYiVb m$� ¦V^�� l�m�n a�°�i n �gi n ¦|i�^ k=l
������� �"!$#%�"±-�")²*/«G�|N@Ig2$A(7�>YX�³;2(N14$3®7 >@<?´�xp<(]$7�4�0�<(]�µH<?�w4$A|]�FGAB2-8'<?T'T(7 >X�0 z6AB2%.SX6z¶0 zY<p,/>�4�IKJ$T'7 T�2EDy«w«/:~´

xp<(4$T'.YA|<']·:=4$3®354%´�¸=4$>@]·¸~AB4%7�>�}~T[8?79I Ig4�0 792%>RTd^¹�i �g� �ga�_R^�� lRm�n a k�� ��r;iVbEida���^�£ l
������� �"!$#%�"º-�")�*Y»�0 .1]$J$7 >X®«G3¼ZP<(]�]�<(];½/.3C4$>¤«G«�:�³/J$>@4$3®7�8dT�¾�T'7 >X¼:=<d>@<?A|4�0 7�Q$<L��2[N12|X6A|4(NRz�7�8/xp4(N6NR7�>YX^

¹�i ��� �ga�_R^�� lRm�n a kv� ��r;iVbBida���^R£ l�m�n ap�¿��¢(À�_ m ^ ��l � lÂÁCl
������� �"!$#%�"Ã-�")t*¿»R7 3L7�Ig4$A(790 J�4%>@]¼³�7 T'T(7 3L7�Ig4$A(790 J�uG2$>@8(<EN@0 T/7 >pxy4�8dz67�>�<;M�<'4%A'>�7�>YX^�;bB_�jd�d_R^�� l
������� �"!$#%�'&V!-�")�*,�\�A|4$3C<d�w2%A'��Dd2$A;0 z<;³;<��G>R7�0 792$>¤2ED/xp<-0 A'7�8dT�Dd2$A=,/8V0�2$A(´�³;<EN�<d>@]6<d>@8?J;xp2-]�<VIKTd^¯;hYiVbd^�� l

m�n a Á b m h�^ Á¼lRm�n a¤Ä�b m�n �dÅ�^�Æ l
������� �"!$#%�'&�&(�")Ç*~È~xÉU�,Ê��2V2�I$Dd2$A®¸~.7�Ig]$7 >XË»@2EDd0 �w4$A|<�È~.�4�IK7�0 J¤xp2V]6<VIKT[^�� m bBÌ m$�g� _R^�� lÂ��l�m�n ayÄ�b m�n �dÅ�^RÆ l

m�n a Á b m h�^ Á¼lRm�n a�¯;hYiVbd^�� l
������� �"!$#%�'&Vs-�")Í*�uÎ}~»Ï�;¾�x�«=U�,Ðxy<V0 z2-]CDd2$A¤¸~.Y79Ig]$7 >X¥È~.�4�IK790 J�xy2V]�<-IKT�Dd2$A�uw2$3/N�2$T'7�0�<�uÎ}{��»R´|Z|4$Td<(]

»@2EDd0 �w4$A|<�»RJ$T[0�<?3®T[^�� m bBÌ m$�g� _R^�� lK��l�m�n a¤Ä@b m6n �[Å�^�Æ lRm�n a Á b m h�^ ÁCl�m�n a�¯;hYiVbd^�� l
������� �"!$#%�'&V�-�")Ñ*�«G>@4Z?IK7�>YX�uw2�I Ig4Z|2%AB460 792$>�7 >ÓÒ�7�Ad0 .�4�I�µH<(4�IK790 J¤Ô;4$Q-7�XY4�0�2$A(T[^�°=ÅYid_Õ6¦|�g¢|¦|_R^�¹ l�m�n a�Ä m ��bci n ^

� l�m�n a�Ö m Ì m jd_�^R� l
������� �"!$#%�'&d#$�")�*Y³×<?TSuÎ}{��»¿UY,�»�2ED[0 �w4%AB</»�J$T[0�<?3+Dd2$A=»@<-Ig<'8-0 7�>YX�u=}{�Ï»puw2%3�N�2$>@<?>@0 Td^S� m bEÌ m%��� _R^Y� lK��lYm�n a

Ä@b m�n �dÅ�^YÆ l�m�n a Á b m h�^ ÁCl�m�n ay¯;hYiVbd^R� l
������� �"!$#%�'&V§-�")Ø*�«wQ$4�IK.14�0 7�2$>�4%>@]¼T'J$3®3C<V0 A(7�Td4�0 7�2$>�2ED®4�IK7�X6>R3C<d>�0 T×2Z?0�4$7 >@<(]C��7�0 z�0 z<¤:~7��V4ÚÙ;Ù�Td2ED[0 �w4%AB<-^

� m�¡ À�iVbE¦-^ ��lRm6n ap� m ¢P¦|i �g� ^�Ö l
������� �"!$#%�'&V-�")�*�,Ó>@2�0�<;2$>¤0 z</.YT[<;2BD�0�2(N126I�2PX�J®<d�S0�<?>RT(792%>RTRDd2$A�N�AB2%QS2$�-7�>YX®7�>�T[0�4Z[79IK7�0 J;7�>¤8(2$3®3L.Y>R7�8(4�0 792%>

>@<V0 �w2%A'�-T[^�Û � id¢ m ^�� l � l
������� �"!$#%�'&V±-�")Ñ*�,×>�O|»�}�ÜRO|«/u�´"8(2$3/N@IK794%>@0/È~.146IÂ7�0 J�xy2V]�<-IYD[2%AL«GµÇ³�7�4dX�A|4$3®Td^��~_6¢|¦ m$� ^�r l�m6n a�Ä@b m6n �[Å�^

Æ l
������� �"!$#%�'&Vº-�")Ç*�,Ðuw4$Td<®»�0 .1]$J�2%>�FwA(.>�7�>YX�:=<d>�<dA|4�IG}~>@0�2�Ig2PX�7�<dT�Dd2$AC0 z<C³;<dQ$<VIg2(NR3C<?>@0~2ED¤uw2$>�8'<BN@0 .146I

»@8dzY<d3C4$T;^R�~_ n id¢ m ^�� l
������� �"!$#%�'&VÃ-�")Ø*1,/]�]%7�>YX�«�Ý+8d7�<d>�0w4$>�]Cµ~<VIK794YZdIg<�,/8(8'<?T'T=F~4�0 z�T{0�2¤0 z<�Þ�u�\w^Y� m bE�d_R^Y� lRm6n a�Ä@b m�n �[Å�^YÆ l



ß�à�á�â ã"ä$å%ã"æ�ä-ã"ç	èVéGê|ë@ìgí$î�ï î ðñ/òRî ó/ë@ìgô�õGí$ö�ë�í$ö|÷�ï�ô~øyôdóCí$ö(ù�î ð®ú'ï�ôdö|÷�ï î ûSô/õwí-÷�ìKî9ï î�í$ð¤ü=÷$óCôdýdþVÿ���������
	-ã��	��������Vþ
����	����������������� ! VþRá"�

ß�à�á�â ã"ä$å%ã"æ�#(ã"çÐè%$~ð+ï'&ô¤ò�ôdóC÷$ð@ï î)(dý�í�*+$�ë�ôdö|÷�ï î�í$ð�õwí$ð�ï ö|÷�(Vï ýCî ð õGí$ð,((ôEë@ï'-�÷�ìvøpí�.6ôVìKî�ðYñpþ0/�1����!	2�� Vþ435�
	�����67���������8 !��þ"9�

ß�à�á�â ã"ä$å%ã"æ�æ-ã"çÑèÎõwí$ó/ë@ìgôdê-î9ï ùËî�ý(ý:-1ô?ýLí$ð<;Pí2-Yð,.�ô:.¤ö|ôdýdï ö(î=(-ï î�û$ô�>@?�((í�ìgí$ö(î�ðYñþ7A��BC	2D�þFE
�G	8����á����!��	�þ�ÿH�7	����
6I����J�CK2�8�Vþ
A�� ÿL�

ß�à�á�â ã"ä$å%ã"æ�M-ã"ç è�õ4&�ö|í$óC÷�ï î)({ðN-óO;Pôdö/î�ðËö|÷$ð,.�í%óÑýP((÷�ìgô:.{ýdô:(Vï�í$ö~ñ�ö|÷(ë
&6ý[þ�A��BC	2D�þ�E
��	����¤á�	���Q	2�C	�����þ�R5��	����
á����!��	�þ�ÿH��	�����á����C�!	�K8���Vþ,ST�

ß�à�á�â ã"ä$å%ã"æ$å$ã"ç�èNU`íV-ð".$ý×í%ðpï'&ô5;(î ý[ô:(Vï î�í$ðXW�î).�ï'&Y*dí$ö/ö|÷$ð,.�í%óZ.2?�ö|ô¨ñ�-�ìg÷$öHñ6ö|÷(ë
&�ýdþ�A��B�	VD�þ[EN�\	8����á����!��	ÚþÿH�
	����X�]�[�!�^	2����þ
_`�a���

ß�à�á�â ã"ä$å%ã"æ�b-ã"ç�è7$�ë�ôdð�ò@í2-Yö!('ô;ô?ðRûVî ö|í$ðRóCô?ð@ï�ï�í�.�ô)cGð@ô@('í%ðRýdï öB÷%î�ð�ï ýHî ð¤ö|í2-�ï�ô~ë@ìg÷$ð�ðRî ðñ0*[í$ö®ü~ú|òN?Pd�þ�S5������eD�þ
à4�
	�����á�����f��e�C�!	�þ"35���
	CÿH�

ß�à�á�â ã"ä$å%ã"æ�g-ã"çØè,hi;P÷$ý(î=(�ö|ôEë�í$ý'î�ï�í$ö(ù�íj*Lí(ë�ôdö|÷�ï î�í$ðRý4*dí$öLï'&Yô®ö|ô)cwð�ôdóCôdð�ïwí�*/ñô?ð@ôdö|÷�ì�í$ð�ï�í�ìgí|ñ6î9ô?ý[þ����5S4	2������þ
k �

ß�à�á�â ã"ä$å%ã"æ�l-ã"çÇèmd�ô-ï öB÷V&ôn.%öB÷6ì�óCôdý:&¤ýn-
;!.%î�û-î�ý(î9í%ðo;P÷$ýdôn.�í$ð]-Yð,.6ôdödìÂù$î ðñ�ûSí6ìp-YóCôO.6÷�ï�÷�þ�çq�[�
�r�BJs�1��eD�þ�à4�"	����
_Y	tfu	VDe�Rþ�â!�
	����vRY�C��	2w�1�	Úþ�3x�

ß�à�á�â ã"ä$å%ã"æ�y-ã"ç�èYdT&Yô�zGö'î)('ô¤íj*�õwí$ð�ð@ô:(Vï�ô:.$ð@ô?ý'ý;î ð�éwêPë1÷$ð�ý'î�í$ðRýdþ"{
���5�C��þG{�|Rx�7	����o{,�!	2��s[���C	�1���þ0SG�T	����
6I����J�CK2�8�Vþ
A�� ÿL�

ß�à�á�â ã"ä$å%ã"æ�}-ã"ç¥è6òRóC÷�ì ì�ô?öq~Sôdö(ð@ô-ìKý
*dí$öq&�î9ï�ï î ðñ�ýdôVïYëRö|í[;?ìgôdó®ýHí�*((í$ðRýdï�÷$ð�ï@÷%ö'î�ï ù�þ[_%�J�:I����51��!	Úþ[_��u	����Cç	Vs�����þ
SG�N	�����6I�������KV���VþNA�� ÿH�

ß�à�á�â ã"ä$å%ã�M�ä-ã"çÊèÎò@ô(÷$ö!(e&�î ðñ�ò�ë�÷�ï î�÷�ì~ò@ô?ðRýdôËî�ð�ï'&ôH$~ð�ï�í�ìgí|ñ6î=((÷�ì��¤í$ödì�.[����î ýe('í$û$ôdö(î�ðYñ�ò�ë1÷6ï î9÷�ì�$Y;'�dôn(-ï ý[þ
ÿ+�����[weI��Rþ�R�	�����S5������eD�þ�à4�
	����yá�	2�� !�[�dþ�{�

� 	�����we�[�����e�@�2���j�����[�� ��w�	��X�����[���������e�������[�·è

_��1����C	Cá�	���weI��eD
A�����	��� :	��5���8 ����{à��J����s�1�	2 !s��e�@��á����! !���5�e�;â��8�)�[�!�v�	2 !��we�

� ����f������!�� n	V �ST������ ���ew����Jw�	^���`�	2 :	2�C1����[	
�%	�����1��Y_%�[����þ�ÿ�����
1��7�g
E��[�����T���C���[��	Cá�	V�Js�	2���Rþ7#(ã�M

ä�M6ä�M$å��q	���we�e���[��	�þÂá���	V���
��1����C	2�n�@���!�)�p1���w��|�e�

á��e�x	V�J���� nI���A�����	��� :	��5���8 ������ ��	2s��e�Vþ�I8 ! n��èp�8�2QQQ`�|�J���=�a1���w����e�n�


