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Abstract The concept of a service-oriented architecture provides a technical foundation for
delivering, using, and integrating software. It can serve as an approach to integrate GIS with
other, non-GIS applications. This paper presents and discusses a service-oriented
architecture that embraces a GIS and an enterprise resource planning system. The two
information systems make mutually required functionalities available as services. This
defines the showcase for making GI and non-GI services syntactically and semantically
interoperable. The services-based integration leverages open-standard interfacing and, thus,
removes syntactic heterogeneity. The integration is discussed in terms of an emergency
management scenario. This scenario also helps to outline challenging semantic interoper-
ability issues. When services provided by GIS and non-GIS applications interact, the
problem arises how their different conceptualizations should be mapped. This paper
analyzes essential ontological distinctions for mapping conceptual schemes in GI locator
services and non-GI services. It proposes a hybrid decentralized approach of concept
mapping, based on a common top-level ontology.
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1 Introduction

A service-oriented architecture (SOA) is an abstract concept of a software architecture that
is concerned with the provision, search, and consumption of services over a network [1].
For this type of architecture it is negligible which hardware, software, programming
language, or operating system is used; this is referred to as technology-agnostic. Therefore,
service-oriented architectures are capable to overcome the difficulties in implementing
distributed systems and application integration. Data and services in heterogeneous system
landscapes can be integrated via standardized interfaces. The Organization for the
Advancement of Structured Information Standards (OASIS) suggests a detailed reference
model for a service-oriented architecture [2].

Geographic information systems (GISs) have been defined as digital computer
applications to capture, store, manipulate, analyse, and display geographic information
[3]. Thus, GIS users exploit geographic information for business, administration, scientific,
or private reasons. The integration of GIS with other information systems potentially leads
to enriched (geographic) information content: Combining the analytical capabilities of two
systems helps to better transform data into useful information.

This paper gives an example how a GIS and an enterprise resource planning system are
integrated in terms of a service-oriented architecture. Enterprise resource planning (ERP)
systems are information systems which capture, schedule, and control business processes in
different functional areas of an enterprise (e.g. human resource management, controlling, or
logistics). Their origin, however, is in manufacturing; early systems used to be called
material requirements planning systems [4].

Throughout this paper it is made clear that service-oriented architectures have the
potential to open GIS to other non-GIS applications. This is one motivation for the concept
of service-oriented architectures to be a subject of research in geographic information (GI)
science. GIS is not always a stand-alone tool in decision support. The application of GIS in
emergency and disaster management drives the scenario in this paper: GIS is used for
vehicle dispatching and routing, environmental monitoring (in case of natural disasters),
and for providing a steadily updated cartographic synopsis. GIS is not designed, however,
to assign and manage appropriate units (human resources, equipment, vehicles).
Functionalities from an enterprise resource planning system are necessary to do that. The
requirements of the scenario thus indicate an integrated use of a GIS and an enterprise
resource planning system. The approach taken here dissolves application integration
difficulties in emergency management.

On the one hand, the paper screens references that elaborate the concept of service-
oriented architectures. A service-oriented architecture refers to a system architecture model.
The notion of software as a service refers to a business model which is not discussed in this
article (see [5, 6] for a discussion). On the other hand, the paper considers references from
the field of geographic information science (e.g. on GIS applications in emergency
management). Early papers [7, 8] that envision service-orientation for GIS propose
architectures for distributing geographic information services. In some aspects these papers
at least conceptually anticipate what is now referred to as service-oriented architecture.
More recent papers [9, 10] push the discussion to service-oriented spatial data infra-
structures; they take on the suggestion to shape spatial data infrastructures towards service-
oriented architectures [11]. Thus, the concept of service-oriented architectures has found its
way into the GI science community.

The paper discusses main challenges of service interoperability, especially semantic
heterogeneity [12], from the practical viewpoint of GI service integration into legacy
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systems. This is still one of the major burdens to successful integration of services and data
in general [13]. Data models of and services for geographic information, like the ones
proposed by the Open Geospatial Consortium (OGC), have underlying ontological
constraints about what constitutes a geographic object and its functionality [14]. Legacy
applications like enterprise resource planning systems come with their own, domain
specific conceptualization of resources. When services from both worlds interact, the
problem arises how their different conceptualizations should be mapped [15], and in
general, how they can be compared. This article proposes a hybrid decentralized approach
[16] of concept mapping based on a common top-level ontology or on few primitives for
semantic referencing [17]. While most authors in this field focus on technical approaches to
ontology-based integration [16], this article also discusses essential ontological distinctions
(in the sense [18]) for mapping conceptual schemes in GI locator services and non-GI
services.

The paper is structured as follows. Section 2 provides some background about service-
oriented architectures. Section 3 discusses the integration of geographic information
services and enterprise resource planning services for covering typical business processes in
emergency management. The same use case is resumed in Section 4: It illustrates semantic
interoperability challenges and ontological engineering approaches to service-oriented
architectures for integrating GIS and non-GIS applications. Section 5 concludes the paper.

2 Service-oriented architectures for facilitating GIS integration

The three-tier architecture of traditional information systems consists of a resource
management layer (server), an application logic layer (middleware), and a presentation
layer (client). This architectural principle has also been applied to GIS. However, GIS also
interacts with other (enterprise) information systems in many (business) applications. And
the three-tier architecture faces problems with the increasing number of systems to be
integrated, also beyond boundaries of companies. While applications are distributed, the
middleware remains centralized. It is hard to put standardized middleware protocols and
infrastructures into practice throughout a supply chain of companies. The alternative of
point-to-point integration between each and every information system leads to many
heterogeneous middleware systems that have to be supported.

Alonso et al. [19] argue that these limitations led to the efforts around web services as
well as to the shift to a service-oriented paradigm in application development. Liu and
Deters [20] argue that the technology of web services is one technology to put the concept
of service-oriented architectures into practice. Broadly, a web service is an application
accessible to other applications over the Internet. Thus, a web service is a form of a
distributed information system. Alonso et al. [19, p 132] define a web service as “a software
application with a published, stable programming interface”. The OASIS [21, p 1] defines
web services as “self-contained, modular business applications that have open, Internet-
oriented, standards-based interfaces”. These definitions emphasize that a web service has to
be open, i.e. requires a published interface that can be invoked over the Internet.

Web services expose the functionality of an information system and make it available
through open-standard interfaces. They communicate using standards such as the hypertext
transfer protocol (HTTP) and the simple object access protocol (SOAP). Interfaces are
specified by the web service description language (WSDL) which is based on the extensible
markup language (XML). Finally, a platform is required for integrating web services. This
platform maps the messages that the services exchange based on SOAP. The use of open-
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standard technologies removes syntactic heterogeneity. Syntactic heterogeneity occurs when
different information systems use incompatible encoding or formats for information [22].

The use of web services also promotes reusability as application components are offered as
services. Application components could be reused by calling the corresponding services. In
addition, service-oriented architectures allow interacting software components to be loosely
coupled and to communicate dynamically at runtime as opposed to a static compile-time binding.

For years, academia and industry have argued that GIS has spatial data models that are
distinct from those of other software environments (e.g. [22, 23]). This makes GIS
compatibility difficult. The OGC has focused on interoperability of GIS since its existence.
It has proposed among other services a standardized web map service and a web feature
service. These services are approaches to provide geographic information through a service.
Further, the web processing service defines a standardized interface that allows geospatial
processes to be published and discovered [24]. Thus, a web processing service can offer any
sort of GIS functionality to service consumers across a network. It should be added
critically though, that these OGC services are not necessarily aligned with the mentioned
standards SOAP or WSDL. This could also be seen as one of the reasons why many of the
discussions about service-orientation in GIS, or particularly spatial data infrastructures,
focus on the interoperability within the geospatial domain itself. This discussion is justified
because further integration of geographic data, information, and services is desirable.
However, the advantage of a service-oriented architecture goes beyond accessibility to data
and information within the geospatial domain. Service-oriented architectures enable the
exchange of services beyond the boundaries of GIS.

3 Integrating GI services with enterprise resource planning services for an emergency
management use case

This section introduces a services-based integration of a GIS and an enterprise resource
planning system for an emergency management use case. Typical emergency management
processes are described in terms of functionalities as services of service-oriented
architectures. The coupling of these GI and non-GI services is especially interesting from
a semantic perspective that is adopted in Section 4.

3.1 An integrated architecture for covering emergency management processes

Emergency management requirements suggest an integration of GIS and enterprise resource
planning systems. Location information about an incident is critical to emergency
management organizations. The application of GIS in emergency situations has been
discussed in literature [e.g. 25, 26]. To allocate personnel, vehicles, and equipment
efficiently, emergency organizations deploy enterprise resource planning systems; these
systems are not designed to solve inherently spatial problems, though. Thus, the interplay
between enterprise resource planning systems and GIS is reasonable to assign units to an
incident: Units as they are maintained in the enterprise resource planning system can get
visualized on a map and spatially analyzed by the aid of a GIS.

As a result of a corporate research project that the authors were involved with, ESRI1

and SAP2 have built a joint solution for emergency management organizations (endorsed

1 ESRI Inc., a GIS company, http://www.esri.com
2 SAPAG, a provider of enterprise resource planning systems, http://www.sap.com
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business solution “Geospatial Enablement for Public Security”, abbreviated “GEPS”).
Needed parts of the software are provided as services. Services exchange messages
synchronously based on the hypertext transfer protocol (HTTP) and the simple access
object protocol (SOAP). The web service description language (WSDL) is used to describe
SAP interfaces.

The ESRI-SAP-solution integrates functionalities from a GIS and an enterprise resource
planning system, based on a service-oriented architecture. This architecture can be referred
to as a service-oriented architecture by evolution as existing software is modularized and
delivered as a service. Figure 1 provides a structural view of this architecture. The
illustration has been adapted from original architecture design work that the authors
contributed to. Dashed lines in Fig. 1 indicate not yet implemented parts of the architecture.

SAP provides services from its enterprise resource planning solution for defense forces
and public security (SAP ERP-DFPS); these services are referred to as enterprise services.
Business add-ins (BADIs) are interfaces to other possible services to be implemented.
ESRI’s ArcGIS Server runs the necessary GIS services (map services, locator services,
route services, geoprocess services, geodata services). SAP’s NetWeaver Java Enterprise
Edition (NW JEE) serves as the platform in the proposed service-oriented architecture.

One service often reflects a single business process. In a “standard” emergency situation,
one of the first processes is to determine the location of the incident. An agent enters a
reported postal address into his information system. A service is called in the background to
geo-reference this address and to generate a map. The agent does not necessarily handle the
graphical user interface of a GIS to do that. After the incident is located, appropriate units
have to be allocated to the incident. This is a typical task that is carried out by the aid of an
enterprise resource planning system.

The SAP ERP-DFPS solution enables units to be displayed in so called “force
elements”—organizational entities that link personnel, material, infrastructure and accounting

Fig. 1 Structural view of the service-oriented architecture integrating a GIS and an enterprise resource
planning system (dashed lines indicate not yet implemented parts)
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information. In addition, this solution allows to re-arrange operational teams. The
corresponding functionalities (e.g. set a force element from “operational” to “mission” mode)
are available as services. A service provides the units as they are recorded in the enterprise
resource planning system to the GIS (WSDL is used for service description). This service is
discussed again in Section 4 of the paper to illustrate semantic heterogeneity problems.

The service that provides the unit information is not specifically shaped for GIS
requirements. It contains pairs of coordinates attached to the units. The GIS backend receives
the message and with matching it against its own datasets it can display the units on the map
of the incident. Unit information is accessed by selecting the units on the map. Classic GIS
analysis (e.g. buffer zoning) can be carried out. As a result, units can be assigned taking into
consideration geographic information. The enterprise resource planning system and the GIS
both contribute to data analysis and, thus, enhance the information content.

3.2 Data storage

Particularly in emergency management many organizations have used enterprise resource
planning systems and GIS—separately—for a long time. Organizational structures and asset
data (e.g. on critical infrastructures) are stored in the corresponding databases of the GIS
and the enterprise resource planning system.

This leads to large attribute datasets in GIS. GIS usually stores both geometric and
attribute data in a single integrated database. These integrated relational databases often
face performance problems [22]. Therefore it is desirable to stronger separate geometric and
attribute data. A service-oriented architecture can help to minimize attribute datasets in GIS.
Attribute data can reside close to the source of production, however, stay available to the
GIS. This also avoids inconsistency in local copies. In the solution proposed, unit
information can stay with the backend of the enterprise resource planning system. With
decentralized datasets being realized, one of the proposed research items identified in [9]
has been tackled.

4 Heading for semantic interoperability in service-oriented architectures with GIS
and non-GIS applications

This section discusses the problem of semantic heterogeneity that appears in service-
oriented architectures that integrate GIS with other applications. Engineering approaches
and basic ontological distinctions for this problem are outlined, which can be used to
compare and map service descriptions.

4.1 Semantic heterogeneity of GI and non-GI services

With the current trend to service-oriented computing it is overseen that a service-oriented
architecture itself does not dissolve the problem of semantic heterogeneity. Bishr [12]
defines semantic heterogeneity as the consequence of different conceptualizations of a real
world fact described in a database. The authors of this article have argued that in order to
successfully match user expectations in information requests, semantic interpretations of
services by providers and requesters need to be effectively coordinated [27]. Only if this
coordination is achieved, further manual or automatic processing of the information can
lead to meaningful results. Providers and requesters of GI and enterprise resource planning
services use data models and underlying conceptualizations that evolved in different
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application domains. Therefore the data models and the underlying conceptualizations can
be expected to be different.

Consider a simple localization service on the part of GIS, that is, a service that delivers
spatial footprints for units delivered by another system. The service-oriented architecture
introduced in this paper includes a service that exports unit information (including
geographic coordinates) from an enterprise resource planning system to a GIS. The term
“unit” may imply a single entity that is unambiguously located at one position on the Earth,
e.g. a certain fire station. However, the term “unit” may also refer to an organization that is
scattered in space, and, thus, comprises several locations, e.g. a city’s fire brigade. It may
also be a moving object without a fixed location, like a certain ambulance vehicle. A
semantic interoperability problem occurs when the GIS expects the unit to have one fixed
location, however receives a message from the enterprise resource planning system
including several pairs of coordinates, or a trajectory with a temporal component.

The term “unit” is used in an enterprise resource planning system. It clearly does not
refer to a geographic feature. Once the boundaries of the enterprise resource planning
system are crossed to the GIS, though, the term obtains spatial implications. It is a matter of
semantics whether a unit should consist of one or several locations. But by making a certain
syntactic a-priori choice on the GIS side, one risks losing either recall (some units cannot be
served with locations) or precision (some units get inappropriate locations).

4.2 Engineering approaches to semantic heterogeneity of GI in service-oriented
architectures

Approaches to semantic interoperability in service-oriented architectures have been
discussed by Vetere and Lenzerini [28]: In addition to syntactic service descriptions, a
semantic layer for semantic service interoperability is needed. This layer assures consistent
interpretations and mappings of the description messages sent to and received from
services. Vetere and Lenzerini [28] also distinguish approaches of having a centralized vs. a
decentralized (peer-to-peer) integration logic, and employing any-to-one (single ontology
hub) vs. any-to-any mappings of service descriptions.

The any-to-one approach would make a semantic framework necessary to ensure a
common conceptualization of reality. It would constitute, for instance, whether a unit
comprises one or several locations. This semantic framework would have to be tailored for
services of the GIS and the enterprise resource planning system. Such a framework,
however, makes it difficult to reuse services in environments that are not linked to this
particular framework: The integration of the GIS and the enterprise resource planning
system may be extended by a third information system. Furthermore, current service
interoperability proposals mainly rest on the idea of annotating services with centralized
domain ontologies, while it is improbable that GI and non-GI services share one underlying
conceptualization. In the any-to-any approach, the service exchange and the corresponding
semantic mapping of descriptions would work in a peer-to-peer fashion. Ambiguities of
interpretation in this approach have to be avoided by making service descriptions as
rigorous as possible without forcing commitment to a central conceptual framework.

Kuhn [29] has argued that semantic engineering consists in effectively constraining the
use and interpretation of the language vocabulary used. This goal can be achieved by
different means: By ontologies as top-down networks of constraints among terms; or
bottom-up, by observation procedures into which abstract terms can be grounded. Another
alternative would be the use of folksonomies, which constrain the use of a term by
documenting its actual use in a community. Kuhn [17] has proposed semantic reference
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systems to overcome semantic heterogeneity in the GIS domain: Instead of trying to
dissolve conceptual heterogeneity in a centralized framework of knowledge, one grounds
the concepts actually needed in reproducible observation procedures, and makes them
comparable this way.

The approaches mentioned are not mutually exclusive. They come in shades involving
either more or fewer assumptions about a-priori agreements. For example, a centralized
domain ontology has to encompass all the application concepts employed by GI and non-GI
services, whereas a grounding approach only requires entertaining a universally shared subset
of observation concepts [30]. These concepts can be used to make essential ontological
distinctions across domains without formalizing these domains in their entirety. Similarly, top-
level ontologies, like the descriptive ontology for linguistic and cognitive engineering
(DOLCE) [31], provide a sound basis for distinguishing and comparing application concepts
on a fundamental level, even if these concepts are not shared among applications. Hence,
comprehensive domain ontologies, which are unlikely to be stable, must not be maintained.
This is sometimes called a hybrid approach [16]: The concepts of each application are not
shared, but are described based on primitive concepts from a common shared vocabulary.

For the purpose of integrating GI and non-GI services, a hybrid, decentralized approach
is reasonable. This approach can be put into practice either by employing suitable top-level
ontological distinctions, or by describing service concepts in terms of semantic reference
systems. The idea is sketched in Subsection 4.3 using examples.

Services can be described and compared based on their input and output concepts or on
their functionality. Lemmens et al. [10] enumerate five characteristics for semantic service
descriptions:

& Description of each operation’s input and output parameter.
& Description of spatial data that is coupled to each operation (for example, the road

network computed in a route optimization operation).
& Classification of each operation’s functionality.
& Description of the control flow in composite operations.

Lemmens et al. [10] draft a use case by means of the web ontology language for web
services (OWL-S), however, they do not formalize the functional aspect. Lutz [15] formalizes
two facets of a semantic service description: (i) the semantics of the operation (functionality)
formalized by pre- and post-conditions in first order logic (FOL), and (ii) the semantics of the
interfaces of adjacent services in OWL. The first ensures that a service does what the user
expects it to do. The latter ensures that a service correctly interprets the data it receives as
input from other, preceding services. Service matching can be computed using subsumption
reasoners and function subtyping [15]. EU funded projects like SWING [14] employ the web
service modeling ontology (WSMO) approach to service discovery, which is similar but more
focused on discovering data instances than operation functionalities.

In any case, service descriptions need to be compared and mapped based on the underlying
concepts. So, apart from the technical aspects of the mapping, one has to decide on some useful
ontological distinctions to draw among the conceptual schemes used in services, such that over-
simplistic or inappropriate mappings are prevented. This can be done by annotating the data
schemes of services with appropriate top-level concepts discussed in the next section.

4.3 Basic ontological distinctions for integrating GI and non-GI services

Some essential ontological distinctions that can be used to describe and compare GI and
non-GI services are outlined in the following. Examples are drawn from different kinds of
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units in emergency management. The focus is on interpreting these units in a GI locator
service. The proposed distinctions are valid for many other GI applications, though, too.

Top level ontologies like DOLCE [31] fundamentally distinguish between physical
endurants and perdurants. Physical endurants, e.g. physical objects, have a spatial
extension (a region in a spatial reference system) and are (spatially) present in every time
instant. An example would be an ambulance vehicle. Perdurants, i.e. events or processes,
are temporally extended over intervals and not wholly present at one time instant. An
example would be the ambulance’s trip from the depot to the accident’s location.
Consequently, ambulances have spatial extensions only for a given time instant, while
they give rise to spatio-temporal trajectories by participating in trips (DOLCE terminology
is adopted here)3:

TripðyÞ ! PerdurantðyÞ; AmbulanceðxÞ ! PhysicalObjectðxÞ; Participates x; y; tð Þ
qlT t; yð Þ; qlS si; x; tið Þ

where si is the spatial region (a spatial quale, denoted by the predicate qlS) of object x at
time instant ti, and t is the time interval of trip y, with ti ∈ t. Fundamental distinctions are
drawn here between logical entities and their spatio-temporal reference. Only the spatial
reference is localized in the GIS, and the referencing logically depends on the kind of entity
to be referenced.

For example, since a trip is an accomplishment, that is, a non-atomic event perdurant
with definite boundaries, there is a definite starting location and an end location, and there
are other locations in between. Therefore trips have associated trajectories, temporal
sequences of distinguishable locations of their participating objects.

Physical objects are physical endurants that have a unity criterion with respect to their
(spatial) parts [31]. This means they are wholes with respect to some unifying relation R
among parts [18]: Parts of an ambulance vehicle (e.g. wheels) or sets of ambulances (fleets)
are not ambulances themselves, and physical objects can change their parts, as long as these
parts are functionally related by R [30, 32].

PhysicalObjectðxÞ ! PhysicalEndurantðxÞ ^WholeRðxÞ
Fleets are different entities from an ontological viewpoint. They are pluralities [18], or,

more specifically, non-empty collections of physical objects. The difference is that a fleet is
defined by its car elements, similar to sets, whereas cars can change wheels and still remain
the same. Therefore, physical objects are on a more basic level. Collections can be defined
extensionally from this level (the expression ΣM(y) asserts that y is a mereological sum of
entities from the domain of predicate M, compare [18]):

FleetðyÞ !
X

Ambulance
ðyÞ ^ 9 x; t:P x; y; tð Þ ^ AmbulanceðxÞ

Since fleets are collections of objects, their spatial extension is defined by the set of
spatial regions of its object parts x for a given time instant t. These parts are denoted by the
“temporal part-of” predicate P [31]. Thus, each spatial object region of a fleet can be
properly distinguished from one another.

Organizations, e.g. fire brigades, are social objects. Social objects are generically
dependent on a community of agents (agentive physical objects) [31]. Their spatial
extension will exist even though they are not equal to the set of people which they depend

3 Alternatively, in a 4-dimensionalist approach, one can model spatial regions of objects as spatial projections
of spatio-temporal worms.
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on (i.e. they are not pluralities or groups of people): The spatial extension of an organization
could be seen as the set of regions of those people forming the community at a certain time
instant. An easy way to locate agents is to anchor agents in physical objects like buildings
or cars. Therefore further distinctions among physical objects are reasonable.

The concept of semantic reference systems has been applied to the notion of physical
objects as wholes [31] (as used in DOLCE). Physical objects can be conceived as either
bodies or media grounded in affordances [30, 32]. In this case, the unifying relation R could
be a perceivable affordance, and the physical object is conceived either as a medium or
body affording some action. Affordances are action potentials directly perceivable in the
human environment [33]. For example, a medium like a river affords swimming, and a road
affords supported locomotion [32]. Furthermore, a place, a central category of GIS, can also
be seen as a spatial container, a special medium affording, among others, to be “in”
(compare [34, 35]). It is especially useful to ground different kinds of physical objects
relevant in GIS as media or bodies in perceivable affordances because these distinctions are
directly and universally observable, and are therefore not application dependent.

Fire brigades have fire stations, associated places that afford abidance for their
community of agents during shift hours. A building, in turn, may not only be perceived
as a place, but also a body. A fire rescue plan of a building, for instance, captures a building
in both senses. It differentiates between rigid bodies (walls) and free media of locomotion
(ways out). Places can have static spatial extents, but could also be moving, e.g. on a
fireboat. An ambulance is such a moving place, because it is a container for patients and
rescue personnel. The close association of spatial regions of places and the personnel inside
allows drawing inferences for a locator service, which is expected to deliver locations of
personnel resources.

A synopsis of all these distinctions is depicted in Fig. 2. Arrows indicate subsumption
relations among concepts. Dotted arrows are relations proposed by the authors [30, 32],
top-level concepts are adopted from DOLCE [31].

5 Conclusions

This paper illustrates the challenges and the possibilities of a service-oriented architecture
in integrating a GIS with a non-GIS application. Emergency management requirements
suggest an integration of GIS with enterprise resource planning systems (see Section 3): An
enterprise resource planning system is used to efficiently allocate units (personnel,
equipment, vehicles) to incidents. Location information is critical during this allocation.
However, enterprise resource planning systems are not designed to solve inherently spatial
problems. Thus, the integration of a GIS and an enterprise resource planning system is
reasonable. Units as they are maintained in the enterprise resource planning system can get
visualized on a map and spatially analyzed by the aid of a GIS.

A service-oriented architecture technically enables an integration between a GIS and an
enterprise resource planning system. Services can expose the functionality of one
information system to the counter-application and make it available through open-
standard interfaces. As service-oriented architectures are scalable, the proposed solution
could be extended by any other miscellaneous services, though. This, in turn, would
facilitate the addition of a third services-based information system to the solution, for
instance a customer relationship management system.

In the solution proposed, services exchange messages synchronously based on the
hypertext transfer protocol (HTTP) and the simple access object protocol (SOAP). The web
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service description language (WSDL) is used to describe interfaces of the enterprise
resource planning system. This approach follows the recommendation in [9] to henceforth
streamline service-oriented architectures in the geospatial domain with standards such as
SOAP and WSDL. These standard technologies help to remove syntactic heterogeneity.
This includes opening GIS to non-GIS applications in a service-oriented architecture, as the
proposed solution demonstrates.

A service-oriented architecture itself does not dissolve semantic heterogeneity (see
Section 4.1). Semantic service descriptions and decentralized mappings based on a
hybrid approach can put semantic interoperability into practice. This involves few
ontological distinctions or a top-level ontology shared by GI and non-GI services
(Sections 4.2 and 4.3). So far, the discussion about ontology based integration of GI
focuses on technical requirements, rather than on the basic ontological distinctions that
would allow GI and non-GI services to interoperate. This paper proposes such
distinctions and illustrates their usefulness with examples from a locator service for an
enterprise resource planning system in emergency management. By using these
distinctions for mappings among conceptual service schemes, services provided by
non-GIS applications are enabled to handle spatial implications, too. Thus, systems can
be provided unambiguously (i) with (geographic) information queried by services, and
(ii) with operations offered as services (in the sense of web processing services). This has
been demonstrated on the basis of generating spatial references for different kinds of units

Physical endurant

Physical object

Non-physical endurant

Social object

Endurant Perdurant

Event

Accomplishment

Particular

Body Medium

Top-level concepts
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Place

Application Concepts
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Fig. 2 Useful ontological distinctions (top-level and grounding concepts) for comparing service descriptions
on the application level (application concepts)
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as they are maintained in an enterprise resource planning system for emergency
management purposes.
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