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SUMMARY

The missing possibility of exchanging cadastral information between different countries in an
efficient way leads to rather complicated procedures of collecting and analyzing cadastral
data in land transactions with multinational parties. In this paper, we propose an approach to
query translation based on the core cadastral model (Lemmen et a., 2003) which serves as
connecting piece between various national cadastral systems. We will show by demonstrating
a guery trandation from one national cadastra model into another that interoperability
between cadastral systems conforming to a core model can be achieved. A prototype Query
Translator demonstrates the practical use of our approach.
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1. INTRODUCTION

To facilitate cross-border exchange of cadastral information, a number of initiatives have
been taken. As it is not feasible to install one single cadastral system in all European
countries, other approaches are required. Lemmen et al. (2003) proposed a core model for the
cadastral domain representing basic concepts of most cadastral systems. National domain
models adapted to the particular requirements in the respective countries can be modeled as
extensions of this core model. In this work, we show by demonstrating a query translation
from one national cadastral model into another via the core cadastral model that
interoperability between cadastral systems conforming to a core model can be achieved.

Until now, the exchange of cadastral data between different countries — even in the European
Union — is not possible in a completely automated way. For example, it is not easily feasible
for a bank to verify the cadastral information indicated by a customer asking for a loan when
the property is situated in another country. Cadastral information must be collected with the
help of local experts or alocal branch in this country (Ollén, 2002). Our approach to query
trandation between national cadastral systems would be helpful in this context. In the above
example, it would be possible for the bank to check the cadastral information of the customer
by sending the corresponding queries directly to the supplier of cadastral data in the foreign
country in consideration. Our approach is characterized by the fact that the employee of the
bank does not need to know the concepts and the processes of each foreign country in detail
but only those of its own country. The query trandation permits to formulate the query with
the concepts of the cadastral system of the home country, familiar to the bank employee, and
to present the results again in the terms of the cadastral system of the home country. This
facilitates the cross-border exchange of cadastral information because it is not required that
users are familiar in detail with all connected cadastral systems. It is guaranteed by the
transformation viathe core model that semantically equivalent concepts are retrieved.

The prototype which we developed in order to show the feasibility of applying our theoretical
approach could be integrated into a service-oriented architecture for the cadastral domain
which might be accessible via the Web. Services as described above could be offered to the
various users of cadastral information. Cross-border exchange of cadastral information is not
only interesting in the real property financial market, but also for authorities, for example in
land management and infrastructure development, and for international companies, e.g. in
their property management.

This paper is structured in the following way. In section 2, we discuss different approaches to
guery translation and compare them with our approach. Section 3 describes how the mapping
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works in our query trandation. The next section presents use cases characteristic for the
gueries that can be handled by our prototype Query Trandlator. The use cases are based on
actual cadastral models and test databases. Section 5 evaluates the results of our tests.
Recommendations on the basis of our experiences are discussed in section 6. The last part,
section 7, summarizes our work and discusses restrictions of our current implementation
which could be addressed in future work.

2. RELATED WORK

In the following, we set our approach to query trandation in the context of research in data
integration. Then, we will discuss how the exchange of cadastral data is realized in other
projects from the cadastral domain.

2.1 Approachesto Data I ntegration

Integration of information from different heterogeneous data sources is an ‘old’ subject in
computer science and database research. Before the advent of Internet, integration of
heterogeneous data sources was already an issue in situations where data from severa
databases had to be combined to get the requested information. Halevy (2003) gives a useful
overview of the research questions in data integration that are still not solved. With the
Internet, there is now an extra dimension: the technology to access, retrieve and query
information on remote servers exists. But because of the loose coupling of all this
information, the fact that the user group is not known and the unpredictable nature of the
queries that will be posed, the information integration issue has only become more imminent.

Many research disciplines are involved in data integration: from computer science and
database research to artificial intelligence, the Semantic Web and Description Logics (see e.g.
Borgidaet al, 2003; Wache, 2003; Stuckenschmidt, 2003).

Our Query Trandlator approach uses concepts and techniques from the Semantic Web, in the
form of using an ontology language to specify the correspondences and relations between the
data models of the cadastral systems of different countries and the core model. However we
do not use a semantic reasoner that computes semantic relations ‘on-the-fly’. In the Query
Trandator prototype the semantic relations between the models are established beforehand,
during the conformance verification process (Hess, 2004).

From the database research there is an interesting distinction between the GAV (Global as
View), LAV (Loca as View) and GLAV (sometimes caled BAV, i.e. Both as View)
approaches to data integration (Halevy, 2003). If we would position the Query Translator in
this spectrum, it is close to the GLAV/BAV approach: a ‘global’ query model is used to pose
the selection queries to several heterogeneous data sources with the structure and terminology
of that query model. Viathe ontological mapping the query is then reformulated into the right
classes and attributes of the ‘local’ data sources. Attributes of the local data sources that are
not in the global model are still presented to the user, because these should also be available
for narrowing down the search conditions in the query. So the approach is a mix of GAV and
LAV.
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Finally, there is no direct mapping between the national models in the Query Trandator: the
core model always acts as ‘intermediary’ or central model. This is also how eg. FME
(Feature Manipulation Engine) works, a software product for conversion between various
technical file or data formats. The advantage that is mentioned by the designers of FME s,
that changes in afile or data format only lead to a change in the mapping between that format
and the internal intermediary model that FME uses. With pair-wise conversion al mappings
between the changed file format and all other formats would have to be changed (Murray,
2002). For the same reason we also chose a two-step trandation for the Query Trandator. In
section 5 we will see, that this choice aso has some disadvantages.

In contrast to this approach to integration via an intermediary model or format, there is
currently also much research into another strategy for data integration, such as peer-to-peer
data integration (see Halevy, 2003).

2.2 Exchange of Cadastral Information

Cross-border exchange of cadastral information is also part of the project European Land
Information Service (EULIS)". The goal is to provide a single entrance to land and property
registers across several countries. Just like our approach to query trandation is embedded in
the overall context of the COST Action G9 “Modelling Real Property Transactions’, the
guery trandation in EULIS is only one part of the project. With our query translation we also
aim at improving the exchange of cadastral information between national cadastral systems,
but there are many differences from the technical point of view.

In contrast to EULIS, in which national cadastral information can be accessed via one portal
but with separate connections to every national cadastral system, our approach to query
trandation provides one single query interface for al national cadastral systems.
Furthermore, our query interface permits to formulate queries in the terms of the user's
cadastral system, i.e. in alanguage familiar to the user. Thus, it is not necessary to provide an
explanation of the retrieved concepts as in EULIS. An important difference is also that the
tranglation is realized in our approach on the basis of a common core model connecting the
national cadastral systems. This is not the case in the EULIS project. This different approach
in the EULIS project results in the fact that there is no mapping required between the
different national cadastral systems as each of them is queried individually. But the mapping
between the national cadastral models and the core cadastral model is central to our approach.

3. QUERY TRANSLATOR

We present an approach for a prototype Query Trandator that uses the formalized relations
between two models as input for a ‘mediator’ component to query and retrieve information
from actual, 'real life' cadastral data sets Goal of the Query Trandator prototype is to
function as a proof of concept:
Demonstrate the possibilities to exchange cadastral data arising from core and
conforming national models.

1 http://www.eulis.org
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Investigate the possibilities and limitations of a ‘semantic mediator’ based on the
Web ontology language OWL for data integration in the cadastral domain (W3C,
2004).

3.1 The Core Cadastral Model

The core cadastral model plays a central role in the architecture of our query transation. The
core cadastral model was proposed by Lemmen et a. (2003). This core model reflects
features found in most or even every cadastra systems and models them according to
international standards from I1SO and OGC (OpenGIS). The main advantages of the core
model are in two different areas. One the one hand, it represents the core software component
of cadastral systems. On the other hand, it facilitates the exchange of cadastral data between
the cadastral systems of different countries. (Lemmen et al., 2003)

In the following, we concentrate on the second point and show how the core model can be
used as basis for data exchange. The core cadastral model serves as connecting piece between
the national cadastral systems. Mappings need not be formalized between every pair of
national models but only between each national model and the core cadastral model. The
guery trangdlation is established on the basis of the mappings that can be defined for each of
the national models and the core cadastral model.

3.2 The Mapping Ontologies

In this paper, we built on the results of the conformity verification research. Conformity
verification analyzes — in the case of the cadastral models — the relationship between a
national cadastral model and the core cadastral model. An approach to ontology-based
conformity verification between core and national models was proposed by Hess (2004). This
approach captures domain experts modeling intentions, i.e. the relations they intend to hold
between national models and the core model. Inference services compute the type of these
identified relations that is equivalence, subsumption or overlapping. Furthermore, conformity
constraints are defined. They formalize a set of concepts in the core cadastral model for
which a corresponding concept must be available in the national cadastral model. The type of
the correspondence has to be the type required by the conformity constraint.

Thus, conformity means in this approach that all conformity constraints are satisfied by the
identified correspondences. Conforming national cadastral models are therefore extensions of
the core cadastral model. The conformity verification guarantees a minimum of exchangeable
information between all European cadastral systems because the conformity constraints
define a base model as part of the core model that is reflected by every national model
conforming to the core model.

The mediator component uses the formalized correspondences that have been discovered in
the conformity verification process and their computed types as translation rules between data
sources. This is possible because the relations are described in an ontology language, in this
case OWL (Web Ontology Language) (2004), the successor of DAML+OIL. But in order to
use the output of the conformity verification demonstrated by Hess (2004) as input for the
query trandation, the verification results must be changed into the form required by the
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Query Trandator prototype. The cadastral models used in the conformity verification are
represented as one ontology model that contains the core and the national cadastral model as
well as the relations identified between both. This model does not include the results of the
computations made by the reasoner. This was not necessary for the conformity verification as
the results can be reproduced by sending the ontology model again to a reasoner. Results
were analyzed and their interpretation given to the user. In the query trandlation, we maintain
core and national in separate files because cadastral systems are stored in a distributed way.
The architecture for the exchange of cadastral data is based on the fact that the cadastral
systems with their databases are maintained in each country individually. Furthermore,
suppliers of cadastral data offer an ontology model of their national cadastral system
including the mapping relations between their national model and the core cadastral model.
Thus, we have one ontology model of the core cadastral model and one ontology model for
each national cadastral system with all its mapping relations to the core cadastral model.
Figure 1 shows a part of an ontology model with the mappings between the Greek cadastral
model and the core cadastral model.

- <owl:Class rdf:about="greek_cad.owl #STATE_RESTRICTION">
<owl:equivalentClass rdf:resource="core_cad.owl #PublicRestriction" />
<fowl:Class>
- <owl:DatatypeProperty rdf:about="greek_cad.owl#BENEFICIARY_BEN_ID" >
<owl:equivalentProperty rdf:resource="core_cad.owl#Person_SubjID" />
< fowl:DatatypeProperty >

Figure 1. Example of OWL mappings

In this architecture, modifications in a national cadastral system will not influence any other
national cadastral system. Having modified a national cadastra model, the experts that are
responsible for this model renew the conformity verification and use its output directly for the
query trandation. It will be helpful if future versions of the conformity verification are able to
generate the results in the format required by the query trand ator.

Our approach to query trandation permits a formulation of queries and the presentation of
their results in the terms of the query model, i.e. the terms used in the cadastral system of the
user's own country. The conformity verification ensures that the results of the query
trandation from the data source, i.e. the model from which the user wants to select cadastral
information, correspond semantically to the concepts of the query model which were used for
the query formulation. This semantic equivalence is guaranteed as the mapping models are
based on the correspondences identified by the domain experts during the conformity
verification. The user of the query trandation system therefore does not need to know the
terms of the data source model but only those of the “own” national cadastral system.

3.3 TheQuery Trandator

The Query Trandator prototype is set up as a Web application that accesses an Oracle Spatial
database. The user selects a ‘data source’ and a ‘query model’. This ‘query model’ can be the
model of the data source itself, but can aso be another model (the core model or another
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national model). For our tests at this moment we have the choice of three query models: the
core, the Greek (Tzani, 2003) and the Dutch model (van Oosterom and Lemmen, 2001). For
the data sources two test data sets are available: a data set with Greek cadastral data and a
data set with Dutch cadastral data.

The ‘Advanced’ button gives access to a Selection form that helps the user to specify the
query. The Selection window is a dynamic HTML page that is generated ‘on-the-fly’ using
the OWL ontology for the model as input. Presented to the user are the classes and subclasses
of the query model that was chosen, with their attributes.

The user enters selection criteria and submits. The Query Translator software searches in the
ontology document(s) and retrieves the trandation rules that map concepts from one model to
concepts in the other model. The Query Tranglator then rewrites the query into the terms and
structure of the model of the data source. The query results are either presented in terms of
the data source, or in terms of the chosen query model.

The prototype is based on very standard Web technology: (dynamic) HTML, JavaScript, and
XML and XSLT. With XSLT (eXtensible Stylesheet Language for Transformations) it is
possible to read an XML document, retrieve its content and transform it into other XML or
HTML. Because the OWL ontologies are coded in XML, XSLT is a practical solution for
handling the mediation and query tranglation in the prototype.

The Dutch and Greek test data sets are stored in Oracle Spatial. We can access the data itself
via a Web service, but to make ‘offline’ tests possible we stored the output of the Web
service (in GML, or Geography Markup Language) in local GML files, so we were more
flexible.

The prototype is at present built solely for testing, thus the user interface itself is very
straightforward. With it however we can test several scenarios (selection queries) and
evaluate the success and also the limitations of our query trandation approach.

Queries can be formulated on two different levels of complexity. In the lower complexity
level, equivalence is defined in a weaker way. Equivalence means only that there is an
extensionally equivalent concept in the query model and the data source. It can be used for
rather genera queries, e.g. sel ect * from core: Person with the Greek model as data
source. This query would retrieve all beneficiaries form the Greek cadastra system. The
results describe the same extensions, i.e. the owners of a piece of land. For more specific
queries — which will be the normal case in the query trandation, equivalence is defined in a
stronger way, i.e. by requiring structura equivalence. For example, the query sel ect from
core: Natural Person where name="...’ Wwith the Greek model as data source assumes
that the data entries in the Greek database implementing the concept NATURAL have an
attribute that corresponds to the attribute name of the concept NaturalPerson in the core
cadastral model. The name of the attribute may be different but there must be a mapping
between the attributes encoded in the mapping model. This correspondence was established
during the conformity verification and can be used later on in the query translation.

Test queries will be formulated both against the administrative part of the cadastral data
source, and against the spatial part, i.e. the actual parcels with parcel-boundaries, survey
points, etc.
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4. USE CASES

We describe a number of test cases, from simple queries to more complicated ones.

An example of a'simple' scenario is the following case: a class in the data source has another
name and maybe other names for attributes as a class in the core model, but is intended as the
same concept: core:NaturalPerson versus greek:NATURAL.

Core model:
sel ect * from natural person where name? = '

Greek model:

select * fromnatural where nanme = '

An example of a more complicated scenario is a query that involves an association between
two or more classes. This would mean — in relational database terms — a join between two
tables:

Core mode!:

sel ect nanme, address, type_of _right from natural person, right
where person.id = right.person_id

and nunicipality ="' '

Here the complicating factor is not the different names for classes and/or attributes, but
different (names for) associations between classes plus knowledge about the join attributes
(foreign keys) that must be used.

In this second case it might not be trivial to rewrite the query based on the semantic relations
formalized in the merged ontology models. One of the research questions is therefore whether
not only the basic query statements but also the more complicated ones like joins between
tables can be correctly generated from the formal definitions in the ontology documents.

5. EVALUATION

The first tests with the Query Trandator prototype lead to the following observations and
preliminary conclusions:

System boundaries of the models

The system boundaries of the core model are stricter than those of the national cadastral
models. Classes from ‘outside’ the cadastral domain, e.g. (Postal) Address, are not
incorporated in the core model. On the other hand, such classes and attributes exist in the
national models and are very important for selection purposes.

Conceptual versus technical models
Both the Greek model and the Dutch model that we used for testing our Prototype Query
Trandator are close to the data as stored in the database. They are based on the implemented

2 We obtained the attribute name by splitting the attribute PersonExtID of the class Natural Person which refers
to the externa Person-Registry into the attributes name, lastname, etc. as being available in the Person-Registry.
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(technical) data models. The core model however is a mix of conceptual and technical data
modeling. It reflects the conceptual level of a cadastral system and is therefore abstracter than
a national cadastral model that is based on the concrete implementation of the cadastral
system. As we work in the query transation on the databases of the respective cadastral
system, we prefer models that reflect directly the structure of the database. In order to map
concepts of the national, implementation-level model to concepts of the core model, we must
modify in some parts the core model in order to be more “implementation-like”. A match
between concepts in the models as they are is often not found and structural equivalence can
not be established while on an intentional level (see section 3.3), a correspondence does exist.

Examples are:
a. In conceptua models, many-to-many (n : m) association between classes are
frequently used. This can be expressed with the help of one association class as it is
modeled in the core model. In the national models this is not the case. Because the
national domain models we tested are closer to the database, a many-to-many
association will be modeled as two 1:n associations.

b. The core model has a Person class with two subclasses NaturalPerson and
NonNaturalPerson. In the Dutch test data source there is only one table, hence class in
the model, called ‘Subject’ that contains both natural and non-natural persons, but there
is an attribute called ‘subjectType’ that holds a value to distinguish between the two
categories. So there is (conceptually) a correspondence here, but it will not be found (in
the present prototype).

Tranglation via the core model

One of the basic principles of the Query Translator prototype design is to use the core model
as intermediary between national models instead of a direct mapping between al national
models. As the core moddl is less detailed than the two national domain models, a number of
possible matches between the two national models are ‘lost’, especially between properties.

6. RECOMMENDATIONS

Based on our experiences with the query translation by our prototype Query Translator we
make some recommendations for future modificationsin core and national cadastral models.

6.1 Extent of the Core Cadastral M odel

For harmonized access to the different national cadastral data sources, it is necessary to
recognize and define the most important search criteria. The core cadastral model should
contain al classes and attributes that are known to be used by end-users in selection queries.
These classes and attributes could be selected on the basis of a use case analysis of actual
search queries in the national context, or in the context of EULIS. Attributes that will most
likely be used for selection purposes are for example:

address

name (of a person or an organization)

cadastral parcel number

Claudia Hess, Marian de Vries 9/9
From Modelsto Data: a Prototype Query Translator for the Cadastral Domain

Joint ‘FIG Commission 7 and ‘ COST Action G9' Workshop on Standardization in the Cadastral Domain
Bamberg, Germany, 9 and 10 December 2004



type of right

It is very probable that in many queries the geometry and topology aspects will be ‘shielded’
from the end-user. He or she will e.g. zoom in or zoom out on a map, or click on an object,
but will not directly specify coordinates. It is rather the ‘administrative’ selection criteria
(address, name, parcel-number) that will be used. The core model should therefore contain
these concepts as abstract classes that function as ‘ placeholders’ for the localized classes, for
example dutch: Postal Address, greek: Postal Address.

This does not mean that it is recommended to model al the components of for example
Address (‘street’, ‘house-number’, ‘town’, ‘district’), but just the (abstract) class ‘Address’,
maybe with two subtypes ‘PostalAddress and ‘ LocationAddress . A Greek addressis, also in
the real world, different from a Dutch address, so the core model can never offer the right
‘structure’ for both situations. Thus, the core model should offer more classes that are strictly
conceptual and that do not have a ‘structure’ in the sense of a list of attributes. Only in the
national cadastral models these classes will get a data structure by extending the core model
classes.

It is important to find the appropriate level of detail. The core model should contain all
essential selection properties, but also less technical detail such as the attributes tmin and
tmax for the temporal aspects, but an abstract class e.g. ‘Versioninfo' or ‘ Temporal’.

6.2 Modeling Issuesin Core and National Cadastral Models

The following recommendations are only small changes in the modeling of core and national
cadastral models, but would make the translation between models much more successful. The
chance to find matches between the national models, especialy in atwo-step process with the
core model asintermediary, will increase.

First of al, we recommend providing more classes for groups of attributes in core and
national cadastral models. These complex data types group as ‘attribute classes' the attributes
that belong together. Candidates are for example: Address, PersonName, OrganizationName,
Postal Address, LocationAddress, ParcelNumber etc.

Secondly, a harmonization of attribute values would improve the query translation. For
selection queries with conditional statements, it can be necessary to have knowledge of the
list of attribute values that can occur. In the following example there would be the problem
that the user does not know what to fill in as selection criteria for ‘typeOfRight’ if it is not
clear what can be chosen. These can be implemented as 'drop down' lists in the user interface
supposed that the list of permitted values is finite. Precondition for such harmonization is that
the permitted values are defined in the UML models of core and national cadastral models.

6.3 Architecture of the Query Translator

Another approach to solve the problem that the national models are closer to implementation
then the core model would be to make the national domain models used in the Query
Translator more conceptua and therefore to have e.g. one n:m association, instead of two 1:n
associations. So this means that the Query Tranglator has to map from one conceptual model
to the other (if the user wants this) and from the conceptual model to its technical data model.
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This can be handled by the Query Trandlator, but could also be part of the Web service
application software that accesses the cadastral data source. This last architecture set-up
would move the responsibility for correct mapping/transating between the conceptual and
the technical model to the Web service provider, and leave it out of the ‘middle layer’ to
which the Query Translator belongs in the overall architecture. This is of course a more
fundamental change in the Query Translator design.

7. CONCLUSIONSAND FUTURE RESEARCH

In this work, we presented the trandation of queries between two national cadastral systems
viaa common core model, the core cadastral model. By reformulating queries from the Dutch
into the Greek cadastral system via the core cadastra model, we demonstrated that data can
be exchanged between different information systems which have no direct links and no
common historical background but which are only extensions of a common core model. Both
systems were not adapted to each other but modeled to reflect the basic concepts of European
cadastral systems as defined by the core cadastral model as well as the particularities, e.g. in
legislation or administration, of their countries. Concepts in the core model which are present
as equivalent or specialized concepts in every national cadastral system can therefore be
exchanged between these cadastral systems. The relations between national models and the
core cadastral model were identified by domain experts during the conformity verification
which is used as basis for the query trandation. The benefit of a query trandation via the core
cadastral modéd is that even without complete correspondences between all national cadastral
systems, meaningful data exchange can take place. The use of mapping documents that are
based on the conformity verification ensure that only semantically corresponding information
is retrieved. Also a partly conforming model can be included in this way into a cadastral
information exchange infrastructure.

In the current version of the Query Trandator, we transated queries on the basis of matching
concepts in the Dutch and Greek cadastral models. We tested trandlation based on
equivalency between classes in two models, between attributes and between (simple)
associations. Our results with the first version of the prototype Query Trandator are
encouraging, but it was difficult and with the current version ailmost impossible to deal with
the following heterogeneity issues.

Firstly, national models can extend the core model in very different ways. Thus, it might be
the case that data is not available on the same level of detail in both cadastral systems. This
means that there are differences in the generalization-specialization hierarchies of both
models. Approximate queries based on the hierarchical structure defined in core and national
models and supported by ontological reasoning on this hierarchy would offer a solution to
this problem.

Secondly, the differences in the abstraction level, i.e. the core model is more conceptual and
the national domain models are closer to the technical implementation, lead to problems
during the identification of mapping relations and the rewriting of queries. Recommendations
were discussed in previous sections.

Thirdly, the Query Translator offers no trandation for those parts of the national model which
have no corresponding part identified in the core cadastra model. It is clear that there are
aspects, e.g. in the legal context, which are very difficult to represent in the core model in
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such way that correspondences can be identified between all — or at least most — national
cadastral systems and the core model. In the query trandation, we could therefore benefit
from improved relations between the core cadastral model and the national models.

Future work on the query translation should address the above mentioned problems and be
used as feedback for further development of core and national cadastral models.

In genera, the benefits of using OWL ontology files in the Query Translator were clear.
OWL can not only easily be used in Internet applications due to the fact that OWL is
serialized in XML but its constructs ‘equivalentClass , ‘equivalentProperty’ and ‘sameAs
provide agood basis for the definition of mapping relations.

In the present Query Trandlator prototype, the query is only sent to one single data source. It
presupposes that the end-user knows in which country’s cadastral database to look. The
current design of the user-interface reflects this. now, when the data source has more
attributes than the query model or attributes that cannot be translated to the query model these
are also presented to the user as extra selection criteria and in the query results. If, however,
we want to answer a query like ‘Select al real estate property of this firm in Southern-
Europe’, it must be sent to a number of national data sources at the same time. In a distributed
setting, such service would be based on a number of separate national Web services, similar
to EULIS, but which can be reached by one single query formulated in the terms of the
chosen query model. Such a cross-border selection query needs a different user-interface, one
that is truly ‘pan-European’. The role of the core model will become even more important in
such a completely connected system. If the core model would be extended with classes that
are relevant for selection queries and when also lists or taxonomies of possible selection
values would be incorporated, this would greatly improve its potential to act as mediator
model between European cadastral systems.
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