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Abstract. The discovery of services that are appropriate for answering a given 
question is a crucial task in the open and distributed environment of web ser-
vices for geographic information. In order to find these services the concepts 
underlying their implementation have to be matched against the requirements 
resulting from the question. It is in this matchmaking process where semantic 
heterogeneity has to be tackled. Whether semantic interoperability can be 
achieved depends on the quality of the information available to the matchmaker 
on the semantics of requirements and resources. The explicitness, structuring 
and formality of this information can differ considerably leading to different 
types of matchmaking. In this paper a framework is presented for classifying 
the approaches that are currently employed or proposed for achieving semantic 
interoperability according to these criteria. The application of the framework is 
illustrated by analyzing possible solutions to three examples of semantic inter-
operability problems. 

1 Introduction 

Geographic information science is currently characterized by a paradigm shift – from 
providing theories for monolithic systems to theories for open and distributed GIS and 
their use processes. With this comes a move from standardized data formats to speci-
fications of geographic information (GI) service interfaces [1, 2]. In practice, the 
number of GI services available on the web is rapidly and continually increasing. 
Semantic interoperability is a core problem in such an open and distributed environ-
ment [3]. 

In the description of the OpenGIS service architecture [4] the syntactic and seman-
tic aspects of interoperability are defined as follows: “Syntactical interoperability 
assures that there is a technical connection, i.e., that the data can be transferred be-
tween systems. Semantic interoperability assures that the content is understood in the 
same way in both systems, including by those humans interacting with the systems in 
a given context.”  

In the open and distributed environment of GI web services, the components that 
are to interoperate are not previously known. The starting point is a requester’s spe-
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cific question rather than a given system. Discovering the services1 that are appropri-
ate for answering this question from among a large number of available services is a 
central task within the GI web services domain [5]. Service discovery will therefore 
be the focus of this paper. 

In order to find an appropriate service the requirements resulting from the re-
quester’s question have to be matched against descriptions of the the available service 
implementations. It is in this matchmaking process that semantic interoperability is 
ensured, making it a crucial part of service discovery (Fig. 1). 
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Fig. 1. Semantic interoperability in a GI web services scenario 

A large number of languages and technologies have been proposed for service dis-
covery, e.g. for web services in general [6-8], for services and data in the geospatial 
domain [5, 9, 10], or for software agents and the Semantic Web [11-13]2. Whether 
semantic interoperability during service discovery can be achieved in any of these 
approaches depends on the quality of the information available to the matchmaker on 
the semantics of requirements and resources. The explicitness, structuring and formal-
ity of this information can differ considerably leading to different forms of match-
making. We are not aware of any framework for classifying the plethora of existing 
approaches for service discovery with respect to achieving semantic interoperability. 
Therefore, we propose such a framework in this paper. 

The remainder of the paper is structured as follows. In the next section we present 
several examples of practical problems caused by semantic heterogeneity. The 
framework for classifying approaches for overcoming semantic heterogeneity is de-
veloped in section 0 and applied to the practical problems in section 0. We conclude 

                                                           
1 The notion of service in this paper includes both services that can be used to operate on multi-

ple, unspecified datasets (loosely-coupled services) and services that are associated with a 
specific dataset (tightly-coupled services) [27]. 

2 We assume that the reader is familiar with these approaches. Their strengths and weaknesses 
are outside the scope of this paper and will therefore not be discussed. 
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the paper by discussing how the results can be applied in the more complex task of 
(automatic) service composition and by pointing out the next steps for semantic inter-
operability research along these lines. 

2 Examples of Semantic Interoperability Problems 

This section presents three examples for problems caused by semantic heterogeneity 
that we have encountered in our research. They occur in monolithic, at most partially 
component-based, GIS environments. Nevertheless, they are equally valid for a web 
service environment. 

2.1 Classification of Semantic Heterogeneity 

Semantic heterogeneity, the source of semantic interoperability problems, is defined 
in [14] as the consequence of different conceptualizations and database representa-
tions of a real world fact. Two types can be distinguished. Cognitive heterogeneity 
arises when two disciplines have different conceptualizations of real world facts. This 
becomes a semantic problem when the same names are used for different concepts in 
both disciplines. Such word pairs are referred to as homonyms. Naming heterogeneity 
refers to different names for identical concepts of real world facts, also called syno-
nyms. The examples subsequently described are classified according to this distinc-
tion in order to make sure that both types of heterogeneity are covered. 

2.2 Using Topographic Data for Noise Abatement Planning 

Situation. To determine which roads could have a considerable noise effect on resi-
dential areas those roads touching or crossing residential areas must be identified. 
German topographic data (Amtliches Topographisch-Kartographisches Informa-
tionssystem, ATKIS) contain residential areas and roads as feature classes [15]. Some 
roads are modeled as lines as shown in Fig. 2 (b). 
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Fig. 2. Different models of roads crossing residential areas 

Problem. A user might have the mental concepts of roads and residential areas as 
depicted in Fig. 2 (a). The system model instead uses representations of roads and 
residential areas as depicted in Fig. 2 (b). If the user is not aware of the system model 
(that the terms “residential area” and “road” do not reveal) he might assume that roads 
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overlap residential areas as indicated in Fig. 2 (a) and consequently use the dataset as 
input for an intersect operation in order to find roads crossing residential areas. How-
ever, based on a system model as depicted in Fig. 2 (b) he will not find any roads by 
doing so, which is correct for the data model of the dataset, but does not meet the 
user’s expectations. 

Heterogeneity Type. This example depicts  cognitive heterogeneity concerning resi-
dential areas; the concepts of user and system regarding the geometric representation 
are different. The difference is hidden by the homonym “residential area”. 

2.3 Calculating the Area of Greenland in a Mercator Projection 

Situation. In the Mercator map projection features on the reference ellipsoid are pro-
jected onto a cylinder touching the equator. This leads to increasing distortion towards 
the poles and does not preserve areas (see Fig. 3 (b)). For all tasks requiring real 
world area values, it is not appropriate to calculate the area of features in polar re-
gions, like Greenland, directly from the Mercator projection cylinder (see Fig. 3 (a)). 

 

(a) (b) 

 

Fig. 3. Greenland and Africa in (a) equal-area Mollweide projection and (b) non-equal-area 
Mercator projection (images taken from [16]) 

Problem. Most GIS do not inform users during execution how areas of features are 
calculated and whether the results reflect the real world area of that feature. The user 
may expect an area calculation to return the real world area. Such an area calculation 
would be based on the feature’s geometry on the reference ellipsoid. However, if the 
system’s concept of area calculation is based on the feature’s geometry on the projec-
tion cylinder, the operation will return a completely different result. If the user is not 
aware of the different concepts of area calculation he will misinterpret the results. 

Heterogeneity Type. This example depicts cognitive heterogeneity within the con-
cept of area calculation.  

2.4 Topological Operators in GeoMedia and Oracle 

This example consists of two parts. First, it describes two operators with the same 
name and different behavior. Then it describes two operators with different names and 
equivalent behavior. 
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Situation. GeoMedia3 provides a set of topological operators. In addition, it integrates 
topological operators of the Oracle4 database system. We look at two GeoMedia op-
erators, called “touch” and “meet”, and compare them to an Oracle operator called 
“touch”. 

 

 

Fig. 4. Regions found (each marked with a thick line) by (a) GeoMedia “touch” operator and by 
(b) Oracle “touch” operator 

 

Fig. 5. Region found (marked with a thick line) by GeoMedia “meet” operator as well as by 
Oracle “touch” operator 

Problem. We have identified two problems in this example: 
1. Although the names are identical, the two “touch” operators of GeoMedia and 

Oracle return different results (Fig. 4). 
2. The GeoMedia “meet” operator and the Oracle “touch” operator, however, find the 

same regions (Fig. 5 (2)) although they are named differently. 
Thus, the names are confusing and misleading, and consequently not useful to the 
user for deciding if an operation does what he expects. 

                                                           
3 GeoMedia Professional (Intergraph Corp.) V5.0 
4 Oracle 9i Release 2 Spatial (Oracle Corp.) 
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Heterogeneity Type. The first problem is caused by cognitive heterogeneity with the 
homonym “touch”. The second problem demonstrates naming heterogeneity with the 
synonyms “meet” and “touch”. 

3 Analysis Framework 

There are many approaches to ensuring semantic interoperability in the examples 
presented in the previous section, e.g. [13, 17, 18]. In this section we present a 
framework for classifying and analyzing such approaches. We define the term 
matchmaking and present different types of matchmaking. We proceed to differentiate 
several levels of explicitness, structuring and formality for the information required 
by the matchmaker. 

3.1 Matchmaking 

In the literature on agent systems matchmaking is defined as mediating among re-
questers and providers of services for some mutually beneficial cooperation [13]. The 
process of finding an appropriate service for a certain task can be regarded as match-
making, too. During matchmaking it is assessed whether (or how well) an available 
service fits the requirements of the requester. 

We distinguish different roles that are played by human actors or system compo-
nents that exist in the domain of GI web services: 
− the requester role, which is (ultimately) always played by a human (end user or 

web service provider), 
− the provider role, which is also played by a human (web service provider), and  
− the matchmaker role, which can be played by either a human (one of the above or 

an independent broker) or a matchmaking service.  
Note that the same person can take different roles. For example, the person in the 
requester or provider role can also be responsible for the matchmaking process. As 
either human or computer can do the matchmaking, two kinds of matchmaking can be 
distinguished, which represent two endpoints of a continuum: 
− Purely manual matchmaking. Manual matchmaking is done by a human actor and 

occurs in the mind of the matchmaker. The matchmaker decides whether or not 
some service fits the requester’s requirements based on information that is avail-
able to him about the service. Manual matchmaking is prone to misunderstandings 
caused by synonyms and homonyms (section 2.1). In order to mitigate this prob-
lem, additional information is collected to reduce ambiguity. 

− Fully automatic matchmaking. In contrast to manual matchmaking fully automatic 
matchmaking is always done by a service. This requires formal descriptions of re-
quirements and service capabilities. These are matched automatically using an al-
gorithm such as described in [13, 19]. 

In cases where some of the required formal descriptions are missing, the existing 
informal descriptions have to be formalized for automatic matchmaking to be applied. 
Alternatively, the formal descriptions can be made informal and manual matchmaking 
can be applied. Informalization becomes necessary because formal descriptions are 
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usually difficult to read for non-experts. It should be noted that automatic matchmak-
ing, too, could lead to results unexpected by the requester. This can either be due to 
explication or formalization errors (i.e. inappropriate capabilities or requirements 
descriptions) or inappropriate parameterization of the matchmaking algorithms.  

3.2 Levels of Explicitness, Structuring and Formality 

The quality of the information (metadata) on requirements and service capabilities 
that is available to the matchmaker is crucial for the matchmaking task. Which infor-
mation on requirements and on the service has to be made explicit to the matchmaker 
depends on who does the matchmaking: 
− If the requester does the matchmaking the requirements are already available in the 

matchmaker’s mind. Therefore, they do not have to be formalized or even made 
explicit. However, making the requirements explicit and thus reducing ambiguity 
can help avoiding misinterpretation. 

− If the provider does the matchmaking the service capabilities are already available 
in the matchmaker’s mind. Therefore, they do not have to be formalized or even 
made explicit. However, making the capabilities explicit can help to clarify them 
and discover inconsistencies. 

− If an independent broker does the matchmaking both requirements and service 
capabilities have to be made explicit to the matchmaker. A (possibly standardized) 
structure and formalization might help the broker to do the matchmaking. 

The quality of the metadata can vary along three dimensions: 
− Explicitness of information. The information can be implicit, i.e. only in someone’s 

mind, or explicit, i.e. written down in some language. It is also important to note 
how complete the available information is, i.e. whether all the information that is 
required by the matchmaker is available. 

− Structuring of information. The structure of the information can be implicit and 
thus unobservable or explicit or even standardized. We refer to the former as un-
structured and to the latter as structured information. There are, of course, different 
levels of structuring [20]. 

− Formality of semantics. The semantics of the concepts used to describe the service 
can be expressed in ontologies, which are defined as explicit specifications of con-
ceptualizations [21]. A conceptualization is a set of concepts, their definitions and 
interrelationships [22]. Ontologies can be expressed both informally and formally, 
i.e using natural or formal languages. There are also intermediate levels of formal-
ity [20]. 

The classification framework could simply consist of these dimensions. However, 
they are not independent of each other, e.g. the structuring or formality dimensions do 
not matter if this information is not explicit. Therefore, we propose five levels of 
explicitness, structuring and formality. 
A. Completely implicit semantics. The information exists only in the mind of the pro-

vider, requester or matchmaker. 
B. Implicit semantics. Only names (e.g. „forest data“, „web mapping service“) but no 

metadata are made explicit to refer to services or requirements. 
C. Explicit, unstructured, informal semantics. Metadata are made explicitly available, 

but in an unstructured form using natural language text. 
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D. Explicit, structured, informal semantics. Metadata are made explicitly available in 
a structured form, e.g. referring to metadata standards such as ISO 19115 [23] that 
– usually informally – specify metadata fields and their semantics. However, with 
the exception of value lists being specified for some fields, the content of the 
metadata fields is to be given in the form of free natural language text. 

E. Explicit, formal semantics. The information is made explicitly available referring 
to formal ontologies. 

These categories are somewhat arbitrary as all three dimensions are continuous. How-
ever, we think they represent typical examples for approaches to achieve semantic 
interoperability. This is illustrated by the scenarios presented in the following section.  

3.3 Matchmaking Scenarios 

In order to illustrate the levels of explicitness, structuring and formality described in 
the previous section, three scenarios are depicted. In all of them the requester wants to 
know the location of forest parcels in the German federal state Northrhine-Westfalia 
(NRW). 

The scenarios represent typical approaches to achieving semantic interoperability 
at three stages of development. The first scenario shows what is possible and widely 
practiced by users of the World Wide Web today (levels B and C5). The second sce-
nario describes the research and industry attempts made in the GI community (level 
D), most notably in the OpenGIS Consortium (http://www.opengis.org) and the ISO 
Technical Committee 211 (http://www.isotc211.org). The last scenario presents ideas 
that are currently discussed in the Semantic Web and agent systems communities 
(level E). 

Note that the role labeled requester in the following figures could either represent 
an end user who wants an appropriate service to answer his question, or a service 
provider who wants to find appropriate services to build a complex service that per-
forms a specific task. The actor or component responsible for the matchmaking is 
highlighted in gray. 

Scenario 1 – Manual Matchmaking Based on Names or Unstructured and 
Informal Information. In the first scenario (Fig. 6) the capabilities of the services are 
not made explicit by their providers. The only clues for the requester to what the 
services are doing or which data they provide are their names. One means for finding 
appropriate services by their name is through a keyword search in an Internet search 
engine like Google. In such a search the requester can encounter the following 
problems: 
− No match. Services that fit the requester’s requirements are not found at all, be-

cause their names do not match the keywords included in the requester’s query. 
The simplest reason for this are spelling differences or mistakes. Leaving these 
aside, the problem can be classified as a case of naming heterogeneity (section 
2.1): The conceptualizations of requester and provider are sufficiently similar for 
the task at hand but concepts are given different names (synonyms). This can have 

                                                           
5 Level A is not considered because service discovery becomes extremely difficult or even 

impossible when the semantics of requirements or capabilities are completely implicit. 
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several reasons. Either the name of the service or the keywords used in the query 
are not appropriate, i.e. they do not well reflect the service capabilities or the re-
quester requirements, respectively. Or both keywords and names are appropriate 
(within their respective domain), but requester and providers belong to different in-
formation communities. 

− Unsuitable match. Services that are found because their name matches the key-
words included in the requester’s query do not fit the requester’s requirements. The 
conceptualizations of requester and provider are different but are given the same 
names (homonyms). This case can be classified as cognitive heterogeneity leading 
to naming conflicts (section 2.1). The possible reasons for this can again be 
inappropriate names or differing information communities. 
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Fig. 6. Manual matchmaking based on names (level B) or unstructured and informal informa-
tion (level C) 

An explicit requirements specification can help the requester to do the matchmaking, 
because the process of explication often helps to clarify and disambiguate ideas on 
requirements. Also explicitly describing the service’s capabilities rather than only 
giving a name can improve the matchmaking by reducing guesswork. This is the case 
of explicit, but unstructured and informal description of semantics. However, misin-
terpretation is still possible if the descriptions are ambiguous or incomplete. These 
two cases are currently the most common ones as service descriptions are either in-
formal or missing completely. 
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Scenario 2 – Manual Matchmaking with Standardized Metadata. In the second 
scenario (Fig. 7) the providers’ conceptualizations are made explicit and are recorded 
in metadata documents whose structure is well known and which are made available 
through one (or several) registries. The requester can search a registry using keywords 
for all of the fields provided by its query interface. He can then use the returned meta-
data documents to assess whether or not the services fit his requirements. He might 
need to access other documents that the metadata documents refer to, e.g. a feature 
type catalog providing definitions for feature classes or ISO standards defining units 
of measurement. 
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Fig. 7. Manual matchmaking with standardized metadata, e.g. ISO 19115/19119 (level D) 

As the matchmaking in this scenario is still based on keywords, the problems de-
scribed for the first scenario can still occur. There can be ambiguity in either the 
metadata entries themselves or in the referenced documents (e.g. the feature cata-
logue). However, this can be considerably reduced by using standardized documents, 
by providing a controlled vocabulary (e.g. lists of keywords), and by referring to other 
standardized or at least widely known and agreed-upon documents. 

Scenario 3 – Automatic Matchmaking with Formal Metadata. In the last scenario 
(Fig. 8) the conceptualizations of requester and providers are not only explicit but also 
formalized. They use concepts from existing domain ontologies [24] to formulate 
their requirements or advertisements, respectively. A service automatically matches 
the requester’s requirements against advertisements stored in its registry using a 
matchmaking algorithm such as described in [13]. 
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It is assumed that by using formal descriptions of semantics and automatic match-
making algorithms problems such as those described in the previous scenarios can be 
avoided [12, 25]. However, in this scenario, too, problems similar as those identified 
in the previous scenarios, albeit for different reasons, can occur. 
− No match. Services that fit the requester’s requirements are not found at all because 

the matchmaking algorithm is too rigorous. In [13] a threshold value has to be 
specified by the requester indicating which degree of similarity between adver-
tisements and requirements is still acceptable. 

− Unsuitable match. Services that are found do not fit the requester’s requirements. 
This, too, can be caused by the calibration of the matchmaking algorithm. Here, the 
matchmaking algorithm is too tolerant because the threshold value is too low. An-
other possible reason is that the requirements document does not correctly reflect 
the requester’s requirements or the capabilities documents do not correctly reflect 
the providers’ conceptualization of the service. We refer to these kinds of errors as 
explication or formalization errors, respectively. 
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Fig. 8. Automatic matchmaking with formal metadata (level E) 
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3.4 Likelihood of Misunderstanding 

Misunderstandings can occur in all matchmaking scenarios described in the previous 
sections. Summarizing the arguments from the previous section, Table 1 gives an 
estimate of the likelihood of misunderstandings for all possible combinations of ex-
plicitness, structuring and formality levels described above. It is assumed that the 
requester does the matchmaking. 

Table 1. Likelihood of misunderstandings for different levels of requirements and capabilities 
descriptions if the requester does the matchmaking. Shading: white – manual matchmaking 
possible, light gray – manual matchmaking possible but difficult for non-experts, dark gray – 
automatic matchmaking possible. The scenarios described in the previous section are framed 

requirements 

service 
capabilities 

(completely) 
implicit 

explicit,  
unstructured, 

informal 
semantics 

explicit, 
structured, 
informal 

semantics 

explicit, 
formal 

semantics 

completely implicit matchmaking impossible 
implicit I highly likely highly likely highly likely highly likely 

explicit, unstruc-
tured, informal 
semantics 

highly likely likely likely likely 

II possible possible 
explicit, structured, 
informal semantics likely possible possible 

(automatic matchmaking limited) 
possible unlikely 

explicit, formal 
semantics 

likely possible possible (autom. 
matchm. limited) 

III unlikely 

4 Analysis of Examples 

After having presented the framework for classifying matchmaking approaches we 
show in this section how it can be applied to the examples presented in section 0. In 
the following tables the first row lists the information required by the matchmaker in 
order to find resources appropriate for answering the requester’s question. The names 
of the concepts appear in italics. The remaining rows contain an analysis of the avail-
ability, quality and source of the information in each of the three scenarios presented 
in section 0. 

4.1 Using Topographic Data for Noise Abatement Planning 

This example depicts the requester’s attempt to intersect residential areas with roads. 
This involves a matchmaking process for which information about the requester’s 
conceptualization of road, residential area and the operators touch and cross as well 
as information about the ATKIS geometry model are needed (Table 2). 
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Table 2. Application of the classification framework to example 1 – Using topographic data for 
noise abatement planning. (The table is split into two for enhanced readability) 

information required by the matchmaker  
requester conceptualization of road 
and residential area 

requester conceptualization of touch 
and cross 

available � � 
level implicit implicit 

sc
en

ar
io

 
1 

source requester’s mind requester’s mind 

available � � 
level implicit implicit 

sc
en

ar
io

 
2 source requester’s mind requester’s mind 

available � � 
level explicit, formal explicit, formal 

sc
en

ar
io

 
3 

source domain ontology chosen by the 
requester to describe his task 

domain ontology chosen by the 
requester to describe his task 

 
information required by the matchmaker  

ATKIS geometry model for road 
and residential area 

process model for geoprocessing 
operations, e.g. intersect or buffer 

available – � � 
level n.a. implicit implicit 

sc
en

ar
io

 1
 

source n.a. requester’s mind (if he is an 
ATKIS expert) or dataset 
(accessible via visualization of 
data, requires GIS expertise) 

requester’s mind (if he is an expert 
of the specific GIS) or trial and error 
(requires GIS expertise) 

available � � 
level explicit, structured, informal explicit, structured, informal 

sc
en

ar
io

 2
 

source The ISO metadata standard supports 
references to external feature type 
catalogs like that of ATKIS as well 
as graphic overviews [23]. 

The ISO services standard provides 
a template for describing services 
[4]. Alternatives are UDDI [7], 
WSDL [8], Capabilities XML [26]. 
They focus on operation signatures; 
descriptions are available only on 
service level and appear as free text. 
ISO in addition provides free text 
descriptions on the operation level. 
The ISO spatial schema standard 
provides information for filling such 
a template [27]. They consist of free 
text descriptions and formalized 
operation signatures. 

available � � 
level explicit, formal explicit, formal 

sc
en

ar
io

 3
 

source domain ontology based on ATKIS 
feature type catalog [15] 

(geo)processing domain ontology, 
e.g. based on ISO spatial schema 
standard [27] 



A Classification Framework for Approaches to Achieving Semantic Interoperability      199 

In scenario 1 the intersection attempt will only be successful if the requester is an 
expert who is aware of how the ATKIS geometry model will fit his requirements. In 
scenario 2 the intersection attempt will be successful if the requester is willing to 
spend the time to access and understand the available metadata and perform the 
matchmaking manually. In scenario 3 the intersection attempt will be valid even if the 
requester is no ATKIS expert, because the information needed for the matchmaking is 
available in formal and explicit form, making automatic matchmaking possible. The 
result of the matchmaking process may be that the intersection is not possible because 
the mapping from system to requester concepts would require additional services that 
are not available. Nevertheless, even in this case the requester is saved from misinter-
preting the results of the intersection. 

4.2 Calculating the Area of Greenland in a Mercator Projection 

This example depicts the requester’s attempt to calculate the real world area of 
Greenland displayed with a GIS using the Mercator projection. This involves a 
matchmaking process for which information about the requester’s conceptualization 
of area calculation, the system model of area calculation and indirectly information 
about the attributes of Mercator projections is needed (Table 3). 

In scenario 1 the area calculation attempt is likely to lead to misinterpretation as 
long as the requester is no GI expert. In scenario 2 the area calculation attempt is 
likely to be canceled. If the requester is willing to spend the time to access and under-
stand the available metadata, he becomes aware of that the calculated area will not 
meet his requirements of representing the real world area. However, in scenario 2 no 
further solution is offered. In contrast, in scenario 3 the area calculation attempt may 
be successful, because all information needed for the matchmaking process is avail-
able in formal and explicit form. The requester is made aware of that his requirements 
differ from the system’s abilities. It might be possible to search for a service that is 
able to calculate the area according to the requester’s requirements. In this scenario 
the requester does not need any knowledge about projections and area calculation 
operations. 

4.3 Topological Operators in GeoMedia and Oracle 

This example depicts the requester’s attempt to find operations that return geometry 
features whose boundaries intersect but whose interiors do not. To find the appropri-
ate operations the requester’s requirements have to be matched with the systems’ 
capabilities. For the matchmaking process information about the requester’s concep-
tualization of touch is needed as well as the process models of the available opera-
tions of the systems, in this case GeoMedia and Oracle (Table 4). 
In scenario1 the attempt to find the appropriate operation is likely to lead to misinter-
pretations if the requester is no system expert. In scenario 2 the attempt may be suc-
cessful if the requester is willing to spend the time to access and understand the avail-
able metadata. He then will learn about the meaning of the different operations and 
will be able to perform a manual matchmaking. In scenario 3 the matchmaking will be 
successful. Using terms from a domain ontology the requester can specify his re-
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quirements formally and explicitly. Based on this formal and explicit specification the 
appropriate operations can be chosen automatically from among the available opera-
tions. 

Table 3. Application of the classification framework to example 2 – Calculating the area of 
Greenland in a Mercator projection 

 information required by the matchmaker 
 requester con-

ceptualization of 
area calculation 

system model of area calculation 
(possibly including attributes of 
the projection, see next row) 

attributes of Merca-
tor projection 

available � – � – � 
level implicit n.a. implicit n.a. implicit 

sc
en

ar
io

 1
 

source requester’s mind n.a. requester’s mind (if he is a 
GI expert) 

n.a. requester’s 
mind (if he is a 
GI expert) 

available � � � 
level implicit explicit, structured, informal explicit, structured, 

informal 

sc
en

ar
io

 2
 

source requester’s mind The operation signatures can be 
described in the same way as for 
the intersect and buffer operations 
in Table 2. 
The ISO metadata standard [23] 
provides attributes for operations 
which can be applied to the data-
set. However, the requester has to 
judge whether the results (e.g. 
area calculation) fit his expecta-
tions. (see same column next 
row). 

The ISO standard for 
spatial referencing 
by coordinates pro-
vides a free text 
description indicat-
ing for which appli-
cation a coordinate 
reference system is 
valid [28]. 

available � � � 
level explicit, formal explicit, formal explicit, formal 

sc
en

ar
io

 3
 

source domain ontology 
chosen by the 
requester to 
describe his task 

(geo)processing domain ontology, 
e.g. based on ISO spatial schema 
standard [27] 

domain ontology for 
projections, e.g. 
based on ISO stan-
dard for spatial 
referencing by coor-
dinates [28] 

5 Conclusions and Future Work 

We have presented a framework for classifying approaches to achieving semantic 
interoperability in the domain of GI web services. The framework focuses on the 
process of matchmaking as this is where semantic interoperability is ensured. There-
fore approaches to achieving semantic interoperability are classified according to the 
quality of the information that is available to the matchmaker. 

The application of the framework has been illustrated by analyzing existing ap-
proaches to solving examples of semantic interoperability problems. In scenario 1 
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misinterpretations are likely to occur unless the requester is an expert for the compo-
nents employed. In scenario 2 misinterpretations are less likely if the requester is 
willing to spend the time to access and understand the available metadata. In scenario 
3 misinterpretations are unlikely, even for non-experts, as automatic matchmaking is 
applied. However, there is still the possibility that the services required for the re-
quester’s query are not available. 

Table 4. Application of the classification framework to example 3 – Topological operators in 
GeoMedia and Oracle 

 information required by the matchmaker 
 requester conceptuali-

zation of touch 
process models for touch operations (GeoMedia and 
Oracle) and meet operation (GeoMedia) 

available � – � 
level implicit n.a. implicit 

sc
en

ar
io

 1
 

source requester’s mind n.a. requester’s mind (if he is an expert of the 
specific GIS) or trial and error (requires GIS 
expertise) 

available � � 
level implicit explicit, structured, informal 

sc
en

ar
io

 2
 

source requester’s mind The ISO services standard provides a template for 
describing services [4]. The ISO spatial schema 
standard provides information for filling such a 
template [27]. See also intersect and buffer opera-
tions in Table 2. 

available � � 
level explicit, formal explicit, formal 

sc
en

ar
io

 3
 

source domain ontology 
chosen by the re-
quester to describe his 
task 

(geo)processing domain ontology, e.g. based on 
ISO spatial schema standard [27] 

 
The analysis of practical problems only presents a first application of the frame-

work. We believe the framework to be valuable to the GI research community for 
structuring the domain of semantic interoperability research, because it supports the 
following tasks: 
− The information required for the matchmaking process can be identified. 
− The required information can be classified according to the qualities explicitness, 

structuring and formality. 
− It can be assessed which quality level of the required information is appropriate for 

the task at hand. 
− The different levels of explicitness, structuring and formality can easily be associ-

ated to predefined scenarios that indicate possible implementation methods . 
− In the combination of the above reasons, researchera can classify their approach 

and judge whether the applied methods are appropriate for the task at hand.  
Future work must look at the role that service discovery plays within the larger task of 
service composition. It will also be examined whether other sub-tasks play a role in 
ensuring semantic interoperability in (especially ad-hoc) service composition. For this 
an abstract model of service composition should be developed. Such a model could be 
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valuable for the standardization efforts in OGC and ISO TC 211, where the task of 
service composition has not yet been thoroughly explored. 

It also remains an open question whether examples like those presented in this pa-
per represent a specific (i.e. spatial) kind of semantic heterogeneity or whether they 
can be treated in the same way as other (non-spatial) semantic problems. If the latter 
turns out to be possible the framework should be adjusted accordingly. 
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