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Abstract
To query XML data over the Web, query engines
need to be able to resolve semantic differences
between heterogeneous attributes that are
conceptually similar. This demo presents a
mapping tool and method to resolve semantic
heterogeneity at the schema and value levels for
data sets that are part of a Web-based information
system. The mapping tool automatically produces
agreement files. We enhanced a base prototype
XML Web query system to include an ontology
subsystem that generates subqueries using the
agreement information. Other contributions
include the use of minimal metadata to locate
data sets, a formal language construct to support
query re-write called a GeoSpace, and post-query
aggregate statistics and spatial display.

1. Introduction
Semantic interoperability is necessary for
querying distributed data over the Web. Our work
is motivated by a proposed Wisconsin statewide
land information system that will be a Web-based
resource for local, regional, and state data
(WLIS) [14]. We extend the clearinghouse vision
of the original WLIS working group by
incorporating DBMS-type querying over the
distributed and highly heterogeneous data sets.
We illustrate our work by integrating and
querying data containing land use codes. Land
use data is an important component of WLIS
because of its value for comprehensive planning
decisions. However, land use codes are extremely
heterogeneous because there is no standard code
system and jurisdictions adapt code systems to
emphasize their predominant types of land use.

Although we use land use data in this demo, our
method is not limited to that theme. Our
framework of semantic mapping and query
rewrite can resolve any schema and value level
differences. We particularly address the problem
of values from heterogeneous domains that
cannot be resolved in a straightforward manner.
For example, although values in different units of
measure can be easily converted, land use values
cannot be resolved using a formula.
Related work has resolved heterogeneous
schemas at the attribute level, e.g., [1] but has not
addressed more complex value level differences.
In our work, we demonstrate a method that
captures mapping cardinalities and nuances of
meaning at the value level.

2. The Semantic Problem
As stated, in addition to schema level mapping,
we focus on a type of semantic problem in which
formulas or algorithms cannot be used to resolve
value level differences between conceptually
related attributes in different data sets. We use
land use coding systems as an example value
domain [11, 13]. Land use coding systems vary
by almost every jurisdiction that produces land
use data. Example differences in levels of detail
and semantics for residential codes between two
counties are illustrated in Table 1. As can be
seen, categories do not match between code
systems.

Table 1. Example Coding Systems
Dane County
111 Single Family
113 Two Family
115 Multiple Family
129 Group Quarters
140 Mobile Home
142 Mobile Home Park

Node

Racine County
111 Single-Family
120 Two-Family
141 Multi-Family Low Rise
(1-3 stories)
142 Multi-Family High Rise
(4 or more stories)
150 Mobile Homes
199 Residential Land Under
Development

Node

Node

Crawler

XML
Data Indices

116 Farm Unit
190 Seasonal Residence

Ontology
Mappings
(Agreements)

MetaData
Indices

3. Method
The following subsections explain our ontologyenhanced XML query system shown in Figure 1.
3.1 Internet XML DBMS
To provide DBMS-type querying over distributed
WLIS data, we use the Niagara Internet XML
DBMS [9] as a base for our system. Niagara
satisfies the need for general purpose querying
over distributed XML data on the Web. However,
Niagara does not have semantic integration
facilities. To incorporate semantic integration, we
modified the Niagara Java source code by adding
an ontology subsystem to intercept queries
(Figure 1). The ontology subsystem consults
metadata indexes and ontology mappings to
produce subqueries in local terms.
Our application has a type of query not found in
conventional database usage. That is, to
accommodate comprehensive or regional
decision-making, a typical type of query has a
common predicate applied over multiple
geographic areas or jurisdictions. An example
query for comprehensive land use planning is
“Find all the agricultural lands in Dane and
Racine counties.” We call this type of query a
GeoQuery because it covers a geographic area.
Niagara’s “IN *” capability to range over all
elements satisfying a predicate cannot be used
here, even if the entire geographic area were
specified, because of the heterogeneity of land
use data created by independent agencies.
Instead, this type of query must be intercepted by
our subsystem which generates subqueries for
each appropriate data set using semantic
mappings.
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Figure 1. System Architecture
3.2 Ontology Mapping
To solve the heterogeneity problem, we
developed an ontology of attributes in the land
use theme and a subontology of values for the
land use attribute, in particular. The ontologies
can be considered to be master sets of terms from
which a user can pose a land use query. We
developed a tool in which a domain expert
indicates schema and value level mappings
between the master ontologies and each local data
set (Figure 2). At the value level, our method
captures the cardinality of the mapping between
the ontology value and the local code. The
domain expert can specify one to one, one to
many, many to one, or one to null mappings. An
example of each type of mapping is shown in
Table 2.

3.3 GeoSpace
To formally represent a GeoQuery, we developed
a GeoSpace statement [12] for the XML-QL [4]
query language (Figure 4). The GeoSpace
statement has a variable that holds the list of
URLs needed in the query. The variable also
serves as a qualifier for the generic ontology
terms in the formal expression of the query.
GEOSPACE Area = “www.co.wi.us/EauClaire.xml,

www.co.wi.us/Racine.xml”
WHERE <$*>

Figure 2. Tool to Create an Agreement File
The mapping tool automatically generates an
XML agreement file (Figure 3). As can be seen,
semantic information describing the mapping is
expressed using the extensibility provided in
XML tags. Furthermore, as an option, one to null
mappings can be resolved. For example, Table 2
and Figure 3 show a detailed ontology code
(multi-family) being resolved to a code at the next
level up (residential) for a particular local code
set. A complete description of agreement files is
given in [2, 3].
Table 2. Value Level Semantic Mappings from
the Ontology Codes to Local Codes
Mapping
Cardinality
1:1
1:N
N:1

Ontology
Cropland
Agriculture

1 : Null (up a level)

Plastics
Rubber
Multi-family

1 : Null (broader
code at same level)

Commercial
Forest

<Area:LandUseCode> “agriculture” </>
</> ELEMENT_AS $a
CONSTRUCT $a

Figure 4. GeoSpace Added to XML-QL
To send this query into the XML query engine,
the ontology subsystem consults the agreement
files to rewrite the formal query into multiple
subqueries expressed in native terms. For
example, the subquery pertaining to Eau Claire
County is shown in Figure 5.
WHERE <$*>
<Lu1> “AA” </Lu1>
</> ELEMENT_AS $a
IN www.co.wi.us/EauClaire.xml
CONSTRUCT $a

Local Code
Cropland
Cropland, Pasture,
etc.
Plastics & Rubber
Residential
(resolved)
Forest-Other
(resolved)

<Ontology_to_localcode value = “Agriculture”>
<mapping> one-to-many </mapping>
<part> cropland </part>
<part> pasture </part>
…
</ Ontology_to_localcode >
<Ontology_to_localcode value = “Multi-Family”>
<mapping> one-to-null </mapping>
<level_up> Residential </level_up>
</ Ontology_to_localcode >

Figure 3. Part of an XML Agreement File

Figure 5. A Generated Subquery

3.4 Other Enhancements
We made further changes to the base XML query
system to accommodate heterogeneous geospatial
data.
3.4.1 Metadata Indexes
In an information system such as WLIS, users
tend to select data sets for queries based on theme
and either jurisdiction or spatial extent. To
identify data sources, we created metadata files
for each data set. Our minimal criteria include
theme (e.g., land use), jurisdiction type (e.g.,
city), and jurisdiction name. This information is
indexed in separate metadata indexes (Figure 1).
3.4.2 User Interface
Our user interface, shown in Figure 6, is
designed to capture the minimal metadata needed

to locate data sources. We also include a spatial
ability such that the user can click on a county on
a map.

Figure 7. Spatial Display
Figure 6. User Interface
3.4.2 User Output--Maps and Messages
Our test data is derived from ArcView [5] files
which contain spatial coordinates in addition to
nonspatial attribute tables. For each ArcView
data set, we combined the spatial and nonspatial
information into the same XML file using a
feature-based approach. From the spatial data in
the query results, MapObjects [5] was used to
create spatial displays (Figure 7).
For each data set, we also output semantic
information between the ontology code selected
in the query and the mapped local code(s) so the
user is informed of superset, subset, or resolved
null mappings being returned.
Finally, because our potential users almost always
asked for displays involving various summary
statistics, we processed the client-side results to
produce summary information, including sorted
results, averages, and counts. For example, the
total and average areas coded as agriculture
within each jurisdiction are displayed.

4. Related Work
Ontologies are now being used as a solution for
semantic integration [6]. However, most work on
ontologies has focused on the schema level and
not the value level. Automatically creating
ontologies is being explored, for example, in [7].
A use of ontologies in query processing can be
found in [10] in which semantic similarities are
obtained from a WordNet graph. They also
introduced a similarity operator into an XML
language. In our application, however, the land
use code mappings cannot be found in a
collection such as WordNet. Also, we need to
hold precise semantic nuance information instead
of retrieval relevance rankings. As a result, we
needed to develop an automatic or semiautomatic ontology mapping method. Clio [8]
represents related work in mapping but is a tool
for mapping at the schema level.

5. Demo Description Summary
We are demonstrating a semantic integration
query system for heterogeneous data that is built
by enhancing an XML Internet DBMS. Our demo
has two parts. One part is a tool used to create
mappings between ontologies and local data sets
(Figure 2). This tool also automatically creates
XML agreement files.
The other part of the demo is the overall
enhanced XML query system that uses Niagara
[9] as a base. Our enhanced interface allows a
user to select minimal metadata to determine
relevant data sets and themes. The user then uses
the appropriate ontology values to pose a query.

The type of query we address is one with a
common predicate ranging over multiple data
sets. This is typical for a comprehensive planning
query that covers a geographic area. Our
automated ontology subsystem resolves this type
of query (GeoQuery) by generating specific local
subqueries using lookups on the agreement
mappings and metadata indexes. We formalized a
representation of a GeoQuery by introducing a
GeoSpace statement into an XML query
language. Finally, we process client-side results
to create aggregate statistics and spatial displays.
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