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Abstract. Progress on data integration has come 1o the point that we must deal
with the need of semantic integration. In this work we present a prototype of
an integration tool of information sources (Semantic Integration Tool for Spatial
Data). It focuses on schema integration of spatial databases. This tool is able 1o
recognize the similarities and the differences between entities to be integrated. It
is based on a Federated Architecture and, therefore. it is a leveled architecture.
We obtain the XMI models from metadata of spatial sources that will be inte-
grated. A parser takes the entities and attributes from XMI models by means of
a semantic match process and we assess the similarities and differences between
the objects. A domain-dependent ontology is created from the FGDC standard
(Federal Geographic Data Committee) and domain-independent ontologies (Cyc
and Wordnet). This ontology is represented in OWL. We make use of a ratio
model (ontology nodes distance) for the assessment of the similarities and differ-
ences between terms. The prototype takes advantage of standardization in spatial
data tools. For instance. ESRI or others that incorporate a lot of standards into
their applications. We also make use for this work of the latest technology: XML,
XMI. GML, OWL, and others.

1 Introduction

Geographic applications are an example of the need to bring data integration to a big
scale. This is the case for the studies of weather. environment, sustained development.
terrain use (ground use). mobile applications and more. When we attempt to integrate
this kind of data we find that there are some advantages (many developed and applied
standards) and some disadvantages (various types of geographic data). Semantic under-
standing is necessary to discover and extract the essential information into a structure
suitable for integration from the sources of data. Researchers show the need to focus on
a specific domain to achieve the main goal of semantic understanding [21]. In this work
we focus on the domain of Geographic Information Systems and Spatial Databases. We
first begin to work with shape data and thus we can narrow the domain even further.
Due to the large quantity and broad range of types of Geographic data it would be
impossible to integrate on an application without losing some information. In the search
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for the best solution for this integration we have taken advantage of the standards that
have been actually accepted by the main spatial software companies. As an example we
take the case of the OpenGIS Consortium standard for representation of geographic fea-
tures. ESRI follows this standard for their representation of features. On the other hand.
the FGDC (Federal Geographic Data Committee) has approved many content standards
for geographic applications. An example is their standard for representing metadata.
With the above hypothesis, we have developed a prototype to integrate heterogeneous
spatial data sources. This first phase in the prototype tries to integrate simple features.
This term is taken from OGC (OpenGIS Consortium) which geometric properties are
restricted to simple geometries. For these simple geometries coordinates are defined in
two dimensions and the delineation of a curve is subject to linear interpolation [18].
This work is the continuation of [16] which presented a framework that was based on a
federated architecture for schema integration.

The evolution of federated database systems has identified two approaches to man-
aging distributed data: installing a distributed DBMS and adding a software layer above
existing DBMSs to create an FDBS. This evolution process is divided into three phases
[20] : (1) preintegration, (2) developing a federated database system. and (3) federated
database operation. Section 3 refers to the development of a federated database system
where we define the mappings between various schemas. In this work we focus only in
the second phase where we achieve a federated schema from two heterogeneous spatial
sources. SIT-SD is a prototype capable of implementing the above theory developed
in our work group. We take spatial data worked in ArcGIS ' and from these files we
extract the model in XMI. A parser identifies the main objects as entities and attributes
and subsequently submits them to the process for assessment of similarities. By means
of a Java program and Cyc. we take names of entities and attributes from the FGDC
standard for generation on OWL from one part of the ontology that will be used in the
assessment process.

The organization of the remaining sections is as follows. Section 2 presents related
work. Section 3 follows with the proposed architecture which we use technology XML
based and OpenGIS and FGDC standards. Section 3.1 introduces the similarity-based
strategy for schema integration. Conclusions and future research directions are given in
the last section.

2 Related work

Ontologies provide significant benetfits for the design and use of geographic informa-
tion. Ontologies define semantics independently of data representation and reflect the
relevance of data without accessing them [9]. Such a high-level description of the se-
mantics of geographic information provides more and new means for comparing and
integrating spatial data. In addition. ontologies enable knowledge reuse by semantically
describing data that were derived from consensus reached by different GIS communities
[24].

In the database community. the ontologies has been used in an attempt to reconcile
the semantic and schematic perspectives. Kashyap and Sheth in [ 11] present a semantic

' All commercial marks are registered trademarks by owners
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taxonomy to demonstrate semantic similarities between two objects and related this to
a structural taxonomy. At present days, intelligent integration has been applied to het-
erogeneous database integration. From artificial intelligence world often it is achieve by
means agents [5] or mediators [24] that provide intermediary services by linking data
resources and application programs. Otherwise. from databases world has been pur-
posed an architecture named information-brokering ([ 12].[10]) that adapts and extends
the concepts of federated environments and mediator architecture, in the present work
we follow this trend. In the domain of spatial information. there are research approaches
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Fig. 1. Federated Architecture combined with mediators. Ontologies for solving semantic hetero-
geneity

for semantic integration [19], [8]. [7]. [19] is based on a similarity analysis of concepts
described in independent ontologies. Unlike OBSERVER [14], the solution does not
create new ontologies, but creates links between similar entities across ontologies. Fon-
seca in [8] takes a top-down approach by starting from ontologies and using the con-
cept of role to handle different conceptual views of geospatial information communities
(GIC). In our research. we first construct a framework with a federated architecture. and
in the construction process of schema federated we take a domain-dependent ontology
for finding similarities among entities and attributes to be integrated.
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3 The SIT-SD Architecture

Here we present the Semantic Integration Tool for Spatial Data S/7-5D. We assume that
the preintegration process exists before and it has decided what are the sources to be
integrated. Fig.| describes the architecture based on [1]. It is divided in seven different
levels from the sources to be integrated until user application. The architecture is a
bottom-up process because we consider that the data sources exist before. This work is
focused only on the process of schema integration on this architecture (dashed line part
in Fig. 1).

From the view point of Federated Information Systems it is necessary to find a
“Canonical Data Model™ CDM, capable of representing all schemas with a minimum
loss of information from the Native Data Model(bottom level). In [16], we studied the
possibility of using OMT-G (3] and OpenGIS models as CDM. We use the model from
OpenGIS Consortium OGC [17] as CDM. ESRI with ArcGIS follows the OpenGIS
specifications, and this reason we use ArcMap in this prototype.

3.1 Constructing the federated schema

Ontologies provide significant benefits in semantically describing data. Many re-
searches. where ontologies are the main element to derive semantic sense from data,
have been reported in the literature. The creation and maintenance of a global and
domain-independent ontology capable of supporting all knowledge is very complex.
WordNet [15] and Cyc [13] are some of them. In contrast, the construction of domain-
dependent ontologies [25,4] may be the solution for the best result in integration. In
our case we construct a domain-dependent ontology taking entities from a very known
standard like SDTS [23] (Spatial Data Transfer Standard) and applying functions from a
domain-independent ontology as Cyc and WordNet. We chose this standard because we
believe that it is the most used. This ontology is represented with OWL specification.

In [19] there is an approach for the use of ontologies to assess the similarities among
entities. In this work we apply this foundation presented and extrapolate 1o apply over
database schemas.

From an XML representation of data structure and database structure we extract the
elements and relations for constructing the schemas on XMI (see example). The objects
are extracted from the XMI model by means of a parser.

Later the matching process is applied which is divided into three phases (see Fig.2):
Consider two schemas to be integrated: schemaA and schemaB from two different spa-
tial databases.

— Stage zero: Translation to English. In this first version it makes a simple syntactic
translation from different languages (we choose the English language as a standard
for translation because we believe the translation process is easier). The metadata
markup is taken because it indicates what language is used in the application. In
the next version we will improve the translation process by maybe using a semantic
search over a dictionary or thesaurus.

— Stage one: Search of elements on the SIT-SD ontology of two database schemas to
be integrated.
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Fig. 2. Flowchart of schema integration between two export schemas in a Spatial FDB

e A syntactic search of entity name.

e A syntactic search of entity parts and attribute names. The ontology elements
have parts like in WordNet. [15].

e A semantic search of entity metadata by means of keywords.

e A semantic search of attributes metadata by means of keywords.

This result is stored as a first matching reference. It is possible 10 give a weight for
each search and decide if the entity has a corresponding element in the ontology.

— Stage mwo: Each object from schemaA will search the corresponding object in
schemaB.

o Assessment of semantic similarity. This is carried out with a similarity func-
tion like the computational model for semantic similarity used in [19]. Taking
each entity name from schemaA and comparing against all entity names from
schemaB.

o With elements whose similarity is accepted. we make the syntactic and seman-
tic comparison against the parts of schemaA entity and the parts of schemaB
entity. Afterwards. the similarity assessment is applied between entities and
attributes metadata. The assessment delivers a set of possible pairs. Only the
highest assessment will be accepted.

e Complete mapping information is stored in Data/Dictionary/Directory [20]

The mapping is carried out with a similarity function that uses string matching of

object names and object interrelations. Once this mapping has been done. an integrated
schema should contain both original objects in local schemas as subclasses of a more

607



Actas de las VIII Jornadas de Ingenieria del Software y Bases de Datos

general common class. This common super class is determined by searching through
semantic relationships in the SIT-SD ontology.

To show our approach, we introduce an example of integration of spatial data
from different spatial databases and GIS. Our scenario is a compound of two different
schemas from spatial databases with geographic information. In both schemas there is a
class in the Export Schema that represents a “green zone™. In schemaA there is a fondo
class and in SchemaB there is a background class. Both classes have fondo.codigo,
fondo.area, and background.code background.surface as properties respectively. fondo
has a relationship with ciudad and background with city. All classes inherit geometry
(Geometry Feature) from the feature class. In our example we try to obtain a federated
schema schemac. like that in Fig. 3.

.t

Fig. 3. Federated Schema schemaC from Export Schema schemaA. schemaB

‘On the architecture. in the construction level of federated schema, we extract the
entities and attributes form XML files on ArcGIS.

<spdoinfo>
<direct Sync="TRUE">Vector</direct>
<ptvetinf>
<gsriterm Name="fondo">
<efeatyp Sync="TRJE">Simplec</efeatyp>
<z=feagean Sync="TRUE">Poclygon</sfeageom>
<ssritopo Sync="TRUE">FALSE</esritopo>
<efeacnt Sync="TRJE">754</efeacnt>
<spindex Syncs="TRUE'>TRUE</spindex>
<linrefer Sync="TRUE">FALSE</linrefers
</esritetm>
<sdtgterm Name="fondo"»>
<sdtstype Sync="TRUE">G-polygonc</sdtstype>
<ptvctent Sync="TRUE">754</ptvctents>
</sdtsterm>
</prtvecrinf>
</spdoinios
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Above there is the code part of SDTS description for the fondo feature. The descrip-
tion for the background feature is the same way. 3.1 Below we display the description
of the fondo attributes.

<ceainfo>
cdetailed Nams
<enttyp>

ypl Sync="TRUE">fondoe</

typt Sync="TRUE">Feature

<enttypc Sync="TRUE"“>754</en

</enttyp>

<attr>

<attrlabl
<attalias
<attrtype
<attwidth

<atnumdec

</attrs>

<attrs>

<attrlabl TE">CODIGO</attrlabl>
<attalias UE">CODIGO</actalias>
<attrtype Sy "TRUE" >Number</attrtypes

<attwidth Sync="TRUE">18</attwidth>

<fattr>

By using this data and applying a Java script we can construct a simple XMI model
taking the entities and attributes names. Then we can apply the stage zero depicted
above. In this case it translates to English with a simple dictionary and saves this transla-
tion for application of the next stages. Before obtaining the XMI model we constructed
adomain-specific ontology derived from SDTS entities and applying the Cyc and Word-
net ontology functions. SDTS was adopted by the American National Standard Insti-
tute to provide a common classification and definition of spatial features used in the
process of spatial data transfer. It contains a set of entity types and their corresponding
attributes. The specific-domain Ontology takes synonym sets as well as hyponymy and
meronymy relations from WordNet's and Cyc’s definitions to complement definitions
of entity types in SDTS. For this example we will consider that all the models belong
to the same GIC. therefore the ontology is created over one specific domain.

We apply the stage one depicted above in order to search the objects inside of the
ontology. Then. we can apply a matching-distance model [19]. stage two, to compare
components of entity classes in terms of a matching process. To obtain the objects for
schemaC we assess the semantic similarity between two objects to integrate. In this
case between backdrop and code. fondo was translated 1o its corresponding English
word backdrop. and codigo was translated to code. For this assessment we use specific-
domain ontology, Fig.4. and apply the Equation 1.

The global similarity function S{¢y, ¢2) is a weighted sum of the similarity values
for parts, functions, and attributes: where w,,. w,, and w, are weights of the similarity
values for parts, functions, and attributes, respectively. For each type of distinguishing
feature it uses a similarity function S} (¢y. e2) (Equation 2). It is based on the ratio model
of a feature-matching process [22]. In S, (¢1,¢2), ¢; and ¢4 are two entity classes. !
symbolizes the type of features. and ('y and (', are the respective sets of features of
type ¢ for ¢; and ¢;. The matching process determines the cardinality (||) of the set
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intersection (Cy N ('2) and the set difference (C'; — (). defined as the set of all elements
that belong to €y but not to (. The function «a is determined in terms of the distance
between the entity classes ¢ and ¢2 and the immediate superclass that subsumes both
classes (or minimum common node m.c.n.). The minimum common node corresponds
to the least upper bound between two entity classes in partially ordered sets [2]. When
one of the concepts is the superclass of the other. the former is also considered the
m.c.n. The distance of each entity class to the m.c.n. is normalized by the total distance
between the two classes. such that it obtains values in the range between 0 and 1. The
final value of a is defined by a svmmetric function (Equation 3). For the complete
description of equations refer to [19].

Sler.ez) =wp - Spler.ea)+wr-Siley.ea) +wa - Salcr.ez) (1)
pp §9f

_ [ Ny
N Co +alerea) - [Cy = Co| + (1 — aley.ea)) - [C2 = C1|

Siler.ea) (2)

‘ dicy,m-c..) dicy.m.c.n) < d(ea, m.c.n.)
aley.ez) = (e }(f."',,, ein) = (3)
1 — ﬁ d(ey.m.en.) > d{cy, m.c.n.)

Socution Tezion

= hewse

aness it | ctommmmeraon

Fig.4. Domain-specific ontology (geographic) derived from WordNet and SDTS

We put a limit to accept the similarity. If the similarity is acceptable then we can
search the mintmum common node in the ontology hierarchy. In the case of our example
the m.c.n is background: this is then the object in schemaC. Likewise, it is possible to
compare each attribute from both classes. A data dictionary/directory [20] stores map-
pings among schemas and another essential information. The additional information
from Context and Metadata will help us to determine what is the sense of each object in
the process of assessing. In a FGDC site (Federal Geographic Data Committee) there is
large information about how metadata should be represented in geographic systems. We
assume that the sources to be integrated keep this line as i.e. ESRI with ArcCatalog [6].
Thereby, it is possible to extract this information to be used in the entities and attributes
metadata. A hierarchical structure is necessary for the attribute types and the geometry
types. Fig. 5.
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4  Future Work and Conclusions

This paper has presented a SIT-SD (Semantic Integration Tool for Spatial Data). This is
a prototype work that continues in progress. This prototype is a result of research and
development in the research group where we are working on semantic integration for
spatial data. We take advantage of the latest technology such as XML, XML, OWL, and
standards like OpenGIS and FGDC. These standards have allowed this first approach on
semantic integration. This will be agreed upon by many companies and government of-
fices on spatial data able to support standardization. Progress in the main tool (ArcGIS)
used in this prototype for the access to GIS information should change the next version.
The generation of the XMI model from the next ESRI application version will be able
to represent the geodatabase on XML directly. This change will make the XMI model
easier 1o generate. This simple prototype has a principal goal to demonstrate the theory
developed above. The next version should work with more complex data because this
present prototype only works with simple features. In the next version we will improve
the translation process by using a semantic search over a dictionary or thesaurus.
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