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Executive Summary 
This document proposes an approach to integrate semantic discovery into the OGC open source 
catalogue. The resulting artifact, which we call Semantic Catalogue, provides search functionality 
enabling users to discover the relevant OGC resources and services in a more precise way than 
using standard OGC catalogues. This document revisits how service discovery is currently im-
plemented in standard OGC catalogues, identifies limitations of existing approaches and pro-
poses a novel approach that integrates semantic discovery with the OGC-based service discov-
ery. The integration is realized at various levels.  
 
At the level of query modeling, extensions of the OGC query language are defined by adding a 
new operator to support semantic constraints. At the architectural level, an integrated architecture 
is proposed that brings together OGC components (e.g. OGC open source catalogue) and se-
mantic components (e.g. IRIS reasoner). Finally, this document reports on the status of the im-
plementation and the future steps for integration of the open source catalogue with the semantic 
discovery. 
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1 Introduction 
The ENVISION project provides an ENVIronmental Services Infrastructure with ONtologies that 
aims to support non ICT-skilled users in the process of semantic discovery and adaptive chaining 
and composition of environmental services. Semantic discovery is a key component of the 
infrastructure enabling users to find relevant OGC resources and services. It provides an 
intelligent and precise discovery mechanism in ENVISION as part of what we call the Semantic 
Catalogue. The Semantic Catalogue integrates two blocks that provide different, but 
complementary solutions for service discovery. On the one hand, the standard OGC catalogue, 
that offers standard means to search for relevant services by spatial, temporal and keyword-
based queries, and on the other hand, the semantic discovery which uses semantic annotations 
and reasoning over service descriptions formalized by means of logics. Work performed in WP5 
so far has focused on the two building block components, namely the OGC catalogue, and the 
semantic discovery. In D5.1 [3], we have analyzed, deployed and tested, keeping in mind a 
broader set of requirements, available open source OGC catalogues that can be used in 
ENVISION. In D5.2 [11], we described the logical foundations for realizing semantic discovery 
using query containment.  

This deliverable reports on the integration of semantic discovery with a classical OGC catalogue. 
We revisit first how service discovery is currently implemented in OGC catalogues, and identify 
limitations of existing approaches. To overcome these limitations, we propose a novel approach 
that integrates semantic discovery with the OGC-based service discovery. The integration is done 
at various levels. At the level of query modeling, extensions of the OGC query language are 
proposed by adding a new operator to support semantic constraints. At the architecture level, an 
integrated architecture is proposed that brings together OGC components (e.g. OGC open source 
catalogue) and semantic components (e.g. IRIS reasoner). This deliverable also reports on the 
status of the integration. We describe the discovery module, which includes the graphical 
interface, as well as the discovery service that represent the gateway to uniformly access the 
OGC catalogue and semantic discovery that uses the IRIS1 reasoner.  

The remainder of this deliverable is structured as follows. Section 2 discusses the standard 
approach for service discovery as implemented in an OGC catalogue. Details are provided about 
the catalogue schema, the query language and the interface to access the discovery functionality. 
Additionally, we revisit the HTTP protocol binding and summarize the limitations of OGC 
catalogues. Section 3 provides details about the semantic discovery including how the services 
are modeled, and how semantic discovery is realized using query. Section 4 describes the 
architecture of the Semantic Catalogue, its components and how they interact. Section 5 provides 
details about the status of the implementation. Finally, section 6 describes our next steps towards 
an extended integration of the semantic discovery with the OGC catalogue. 

 
 

 

                                            
1 http://iris-reasoner.com 
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2 Service Discovery in OGC catalogues 
The OGC standards [1] define a comprehensive architecture for the definition and creation of 
geospatial resources. One important aspect in service oriented architectures is how to discover 
services and resources that match certain characteristics. According to the OGC infrastructure, 
this discovery functionality is provided by the OGC Catalogue Service [2]. 

This specification provides an abstract model that should be taken into account when 
implementing discovery mechanisms for different protocol bindings. The specification itself 
defines the bindings for three common protocols: Z39.50, CORBA and HTTP.  

In order to understand how semantic capabilities will be integrated and improve the already 
existing OGC catalogues, we summarize some of the most important aspects of the abstract 
model for discovery of OGC resources. The protocol binding for HTTP will also be discussed here, 
because, as it was shown in previous work in this project [3], it is the binding adopted by the 
entire open source OGC Catalogue implementations. The semantic discovery mechanism does 
not depend on a concrete binding but nevertheless we need to analyse the particularities of the 
HTTP binding, as the open sources alternatives rely on it for the OGC Catalogue Service 
interface. 

2.1 Catalogue Service abstract model 
The OGC Catalogue Service [2] enables different entities to publish information about resources 
(metadata) and then establishes the means to query or retrieve this information for different 
purposes.  

The discovery mechanism is formally defined by: 

1. The schema of the metadata (how to describe the resources). 

2. The query language (how to define the queries on that metadata).  

3. The interface to the discovery service (how to communicate with the catalogue and 
invoke the operations). 

In the following sections we analyse each one of these aspects inside the OGC Catalogue 
Service specification. 

2.1.1 Schema of the metadata: Core Catalogue Schema 
A shared metadata definition is a key point to ensure the interoperability among different 
catalogue services. Even though it is not required by the specification, the use of a common 
conceptual schema enables the interoperability among catalogues with the same protocol binding. 
For this purpose some standardization activities under ISO (e.g. ISO 19101, ISO 19103, ISO 
19109, ISO 19118) define schemas for geospatial information that should be used by the 
Catalogue Services. 

There is a pre-defined set of core queryable/returnable properties, whose purpose is once again 
to facilitate interoperability and cross-profile discovery (that means, to execute the same query in 
different catalogues without modification). These core properties include Subject, Title, Abstract, 
Format, Identifier, Modified, Type, Bounding Box, etc. A more detailed list of all the core 
properties can be found in [2] (page 20). 
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2.1.2 Query Language: CQL (Common Catalogue Query Language) 
The specification defines a common query language and provides a minimum set of data types 
and query operations that every OGC compliant catalogue should implement. This query 
language supports nested Boolean queries, text matching operations, temporal data types and 
geospatial operators. Its minimal syntax is based on the SQL WHERE clause. 

For this minimal language, the specification provides a BNF Grammar [2] (page 11) that can also 
be extended to add other predicates, operations or data types. 

Regardless the realization of the query language, the details and features supported should be 
specified in the Application Profile of the service (a document where the capabilities of the 
provided services are defined). 

This query language has two possible encodings, one in plain text and another one in XML, 
called OGC Filter encoding. 

2.1.3 Interface of the discovery service: General catalogue interface 
model 

The OGC Catalogue Service specification defines as well a set of abstract service interfaces to 
support discovery of geospatial information and resources in different distributed environments, 
such as the Internet.  

It is important to remark that this is just an abstract model; the realization of this model is 
dependent on the binding protocols used for the implementation of the catalogue and there might 
not be a direct translation of the operations, due to the limitations of the corresponding protocols.  

As a summary, some key aspects regarding the Catalogue Service characteristics and operations 
are detailed below: 

• The Catalogue Service is an OGC Service itself, so the metadata of the Catalogue 
Service describing its attributes can also be retrieved using the standard method 
(getCapabilities). 

• The functionality of the Catalogue Service is based on 4 conceptual operations: 

o describeRecordType: used to get information about the type of the resources. 

o getDomain: used to get the valid values of some property defined in the 
metadata. 

o present: selects certain metadata from all or some of the results of a previous 
query operation.  

o query: used to retrieve a set of resource descriptions matching the query 
provided to the catalogue. 

The description of the different operations can be found in the specification [2], the query 
operation is especially important because it is the one that should be considered when extending 
the catalogue with semantic capabilities. As a reference, the formal description of the query 
method is presented below: 
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Definition Allows clients to ask a catalogue to execute a query that searches the catalogued 
metadata and produces a result set containing (zero or more) references to all the 
registered resources that satisfy the query. The server may maintain the result set 
for subsequent retrieval requests. 

Receives Specifications of query constraints and of metadata to be returned 

Returns Number of items in the result set, and/or selected metadata for some or all of the 
result set. The client can specify the maximum number of records for which 
metadata is returned. When metadata return is requested, the service 
implementation shall first sort the result set as specified by the client. Most of the 
metadata returned depends on the metadata requested and on the types of data 
defined by the specific Application Profile. 

Exceptions Missing Parameter Value, Invalid Parameter Value, Nonexistent collection or type. 

Pre-
conditions 

The client knows the schema of the information model that the catalogue supports 
and can thus form valid query expressions. 

Post-
conditions 

Response returned to requesting client, containing number of items in result set 
and/or selected metadata for some or all of the result set. 

Table 1 - Definition of "query" operation 
In addition to this formal definition, the specification also presents a UML diagram with the model 
and some attributes to be considered when defining the query mechanism, such as the expected 
return format (XML, HTML,TXT), the maximum number of records to be returned, the scope of a 
query (local or distributed) or information about the session among others. 

 
Figure 1 - OGC Catalogue - query operation UML diagram 
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The model is based on a request/response schema, where QueryRequest objects are sent with 
specific parameters and QueryResponse objects are returned with the corresponding answers. 
The QueryExpression part defines the query language that is being used and the predicate which 
defines the expression for the discovery. 

2.2 HTTP Protocol binding 
The realization of the Catalogue Service for HTTP is called CSW (Catalogue Services for the 
Web). It highly relies on the capabilities of the HTTP protocol and takes advantage of its 
operations to carry out the functions defined in the abstract model. The HTTP protocol is a 
simple, yet powerful web protocol used mainly for the exchange of information. A broader 
description of the protocol can be found here [4]. 

The CSW protocol binding just maps the discovery operations using the HTTP commands GET 
and POST and defines the payload of the messages according to an XML realization of the core 
metadata properties from the abstract model. For the mapping of the different terms it uses the 
Dublin Core Ontology2.  

An example of an OGC record presenting the metadata of a resource is shown below: 

<?xml version="1.0" encoding="ISO-8859-1"?> 

<Record 

xmlns="http://www.opengis.net/cat/csw/2.0.2" 

xmlns:dc="http://purl.org/dc/elements/1.1/" 

xmlns:dct="http://purl.org/dc/terms/" 

xmlns:ows="http://www.opengis.net/ows" 

xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

xsi:schemaLocation="http://www.opengis.net/cat/csw/2.0.2 

../../../csw/2.0.2/record.xsd"> 

 

<dc:identifier>00180e67-b7cf-40a3-861d-b3a09337b195</dc:identifier> 

<dc:title>Image2000 Product 1 (at1) Multispectral</dc:title> 

<dct:modified>2004-10-04 00:00:00</dct:modified> 

<dct:abstract>IMAGE2000 product 1 individual orthorectified scenes. 

IMAGE2000 was produced from ETM+ Landsat 7 satellite data and provides 

a consistent European coverage of individual orthorectified scenes in 

national map projection systems.</dct:abstract> 

<dc:type>dataset</dc:type> 

<dc:subject>imagery</dc:subject> 

<dc:subject>baseMaps</dc:subject> 

<dc:subject>earthCover</dc:subject> 

<dc:format>BIL</dc:format> 

                                            
2 http://dublincore.org/ 
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<dc:creator>Vanda Lima</dc:creator> 

<dc:language>en</dc:language> 

<ows:WGS84BoundingBox> 

<ows:LowerCorner>14.05 46.46</ows:LowerCorner> 

<ows:UpperCorner>17.24 48.42</ows:UpperCorner> 

</ows:WGS84BoundingBox> 

</Record> 

Table 2 - Example of the OGC Record description 
 

The following figure shows the allowed requests defined by the CSW binding and their data 
encodings (if in brackets, the method is optional). Additionally, SOAP messages can also be used 
to exchange messages between the catalogue and the clients. 

 
Figure 2 - HTTP bindings for the OGC Catalogue requests 

 

Each one of these operations is then mapped to the correspondent HTTP protocol messages. 
The operation that relates to the resource discovery in the HTTP binding is mainly GetRecords, 
which maps to the query and the present operations from the general model. 

2.2.1 GetRecords 
The request for the GetRecords operation has up to 19 parameters [2] (page 142) which 
determine the properties of the operation. The constraint parameter is the one that defines the 
expression for the query. As it was shown before in section 2.1.2, to define the query a predicate 
language must be used. This binding defines two languages. One is a plain text realization of the 
CQL grammar and the other one is its XML encoding. 
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2.2.2 OGC Filter encoding 
The OGC Filter encoding implementation intends to be an XML encoding of the OGC Common 
Query Language, aimed at being easily parseable and translatable to the target predicate 
language (commonly a SQL WHERE clause or XQuery predicate). 

An example predicate specification in the XML encoding is shown below: 

<Constraint> 

<ogc:Filter> 

<ogc:Not> 

   <ogc:PropertyIsEqualTo> 

       <ogc:PropertyName>prop1</ogc:PropertyName> 

       <ogc:Literal>10</ogc:Literal> 

   </ogc:PropertyIsEqualTo> 

</ogc:Not> 

</ogc:Filter> 

</Constraint> 

Table 3 - Example of a query constraint in XML encoding. 
 

To understand the capabilities of the queries, a more in depth analysis of the constructs of the 
Filter encoding, derived from the OGC Common Query Language is summarized next: 

Type of operator Name Remarks 

Spatial Equals 

Disjoint 

Touches 

Within 

Overlaps 

Crosses 

Intersects 

Contains 

DWithin 

Beyond 

BBOX 

 

 

 

All these operators are used 
to test whether the value of a 
geometric property, 
referenced using the name of 
the property, and a literal 
geometric value satisfy the 
spatial relationship implied by 
the operator. 

Literal geometric values are 
expressed using GML3. 

                                            
3 http://www.opengeospatial.org/standards/gml 
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Comparison PropertyIsEqualTo 

PropertyIsNotEqualTo 

PropertyIsLessThan 

PropertyIsGreaterThan 

PropertyLessThanOrEqual 

PropertyIsGreaterThanOrEqual 

PropertyIsLike 

PropertyIsNull 

PropertyIsBetween 

These operators are used to 
form expressions that 
evaluate the mathematical 
comparison between two 
arguments. Wildcards might 
be used in the operators.  

Logical And 

Or 

Not 

These operators are used to 
combine logical expressions. 

Arithmetic Add 

Sub 

Mul 

Div 

These operators define the 
basic arithmetic operations 

Table 4 - Operators available in the Filter encoding. 
 

Besides these operators, functions can also be defined taking zero or more arguments and 
returning a single value. The set of supported operations has to be defined in the capabilities 
document of the service that uses this type of filters. 

One key point of the OGC Common Query Language is that it can be extended with new 
functionality without changing the schema. According to the specification, the XML schema 
definition of the functions is: 
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<xsd:element name="Function" type="ogc:FunctionType" 
substitutionGroup="ogc:expression"/> 

   <xsd:complexType name="FunctionType">  

      <xsd:complexContent> 

         <xsd:extension base="ogc:ExpressionType"> 

            <xsd:sequence> 

               <xsd:element ref="ogc:expression" minOccurs="0" 
maxOccurs="unbounded"/> 

            </xsd:sequence> 

            <xsd:attribute name="name" type="xsd:string" use="required"/>  

         </xsd:extension>  

     </xsd:complexContent>  

</xsd:complexType> 

Table 5 - XML schema definition of a function in the OGC Filter encoding. 

2.2.3 Distributed queries 
A query sent to the Catalogue Service can be marked as a distributed query. A distributed query 
is sent to a list of Catalogue Services that have previously been federated with any given 
catalogue. This set of catalogues are part of the capabilities document and defined in a constraint 
called FederatedCatalogues, which is just the list of URLs of the catalogues that are going to be 
used for distributed queries. If no additional catalogues are defined, the queries are only executed 
against the local catalogue. 

2.3 OGC Catalogue Service and support for semantics 
Following these mechanisms queries can be formulated containing properties (keywords) (any 
arbitrary text) or spatial filters (using the provided spatial operators). For a query to find a match 
in the registered services, the keywords must be exactly the same at a syntactic level. 
Regardless the keywords being the same, it might be the case that they do not really mean the 
same. Besides, we cannot use synonyms to search for similar things or even use a word with a 
broader meaning (for example “water”) and expect to discover related resources (like “rivers”). 
The use of semantic annotations using ontologies offers an alternative to define the needs as a 
semantic description, which is machine comparable. 

If OGC resources and services are appropriately annotated with ontologies, like WSMO in our 
case, special constructs called goals can be defined as part of the discovery process. Using then 
a reasoner for the matching process will assure that the capabilities of a service match the query. 
This leads to a more precise discovery mechanism, because the queries are more expressive 
and they relate to the real meaning of what the user needs. 

It is in this situation where matching algorithms, such as the Query Containment algorithm 
developed in deliverable 5.2, are applied. An OGC service will be a match if the answer to the 
query defined by its description is contained in the answer to the goal query. 

The formalization of these concepts is taken from the previous work on the SWING project [5]. 
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2.3.1 OWL Application Profile for CSW 
Our approach is not the only one that tries to create a link between the OGC standards and the 
Semantic Web. Regarding the support for semantics in the Catalogue Service we can find the 
definition of an OWL Application Profile for CSW [16].   

The purpose of this profile is “...to define a specification for how ontologies built using RDF and 
OWL may be included within an OGC CSW catalogue to semantically-enable the catalogue.” 

In this discussion paper proposal, an approach to use RDF/S and OWL to define the Catalogue 
operations is presented. Catalogues supporting this profile should have the descriptions of the 
resources in one of these semantic languages. The use of semantics is exploited by the addition 
of different options and capabilities to the profile, enabling new type of queries based on 
SPARQL. 

The approach for our integration is based on the semantic annotation of the already existing OGC 
Services [8] [17] and reusing the existing infrastructures and implementations to exploit those 
annotations for discovery. While the OWL Application Profile is tightly coupled with OWL and 
SPARQL we are following a different approach based on WSMO/WSML alternatives where the 
annotations can be exploited but essentially the CSW Catalogue Services specification does not 
have to be changed. 
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3 Semantic Discovery Service 
This section describes how semantic discovery is implemented and used in ENVISION. First we 
provide first details on how services are semantically modelled, and then we describe how the 
semantic discovery algorithms identify the relevant services given a user request by processing 
these descriptions. 

3.1 Semantic service descriptions 
In ENVISION, the approach used for enabling semantic annotation of services is based on 
WSMO-Lite [12], more precisely on POSM4. POSM is a lightweight approach to the structural 
description of procedure-oriented Web services, compatible with WSMO-Lite. POSM fills the 
SAWSDL5 annotations with semantic service descriptions. It contains generic statements of Web 
services, e.g. a service has an operation, which has input and output messages. POSM, similar 
to the WSDL description of a Web service, includes elements describing the operations, which 
are provided by the service. POSM descriptions are represented using web standards, i.e. 
Resource Description Framework (RDF)6, which is suitable for the growing Linked Open Data7 
(LOD) community. 

In ENVISION, the POSM model is adopted and extended for OGC services. A detailed 
description of the service modeling in ENVISION is available in [8]. In short, an OGC Web 
Service (OWS) is a subclass of wsl:FunctionalClassificationRoot and has the getCapabilities 
operation with its input and output messages. For example, an SOS service has a corresponding 
service class, i.e. sos:SensorObservationService which is a subclass of the OGCWebService 
class. Through the hasOperation relation we can attach to the service the operations this service 
can perform, as well as the description of inputs and outputs. In practical terms, the description 
and annotations of an OGC Web service are represented using multiple artifacts, including: the 
WSDL document, the Capabilities document, the POSM description and the RDF Data Model. 
References between these representations are provided using the sawsdl:modelReference, 
ows:codeSpace and rdfs:seeAlso constructs. The semantic representations are the POSM 
description and the RDF Data Model, part of the Application Ontology. In the following we use a 
simplified example of the groundwater level SOS service, for illustration purposes. For a complete 
description we refer the reader to [8]. The relevant descriptions for the semantic discovery engine 
are the functional classification information part of the POSM description and the service effect 
description part of the RDF Data Model. The reader should notice that while the functional 
classification and effect descriptions are encoded using RDF, the most relevant part of the effect 
description is encoded as string literal containing logical expressions modeling the effect. In 
ENVISION we use WSML-Flight logical expressions to model the effects as well as pre-
conditions of a service. WSML-Flight is thus used as the underlying logical formalism. WSML-
Flight is a WSML dialect based on Logic Programming paradigm [13]. More precisely, WSML-
Flight incorporates a rule language that corresponds to DATALOG [15] extended with inequality 
and (locally) stratified negation. WSML-Flight logical expressions are queries as in databases. 
The answer to these queries is a set of variable bindings that satisfy the query. 

 

                                            
4 http://www.wsmo.org/ns/posm/0.1/  
5 http://www.w3.org/2002/ws/sawsdl/ 
6 http://www.w3.org/TR/rdf-primer/ 
7 http://linkeddata.org/ 
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Using WSML-Flight logical expressions we can encode relations between the inputs and outputs 
of a service. 

Table 6 contains an extract from the POSM description containing the functional classification, 
while Table 7 contains the effect description of the groundwater level SOS service. 

 

sm:GroundWaterSOSServiceID a posm:Service ; 

 wsl:functionalClassification sos:SensorObservationService . 

Table 6 - POSM description of an SOS service – relevant part for semantic discovery 
 

<[path to JCR]/Depth.rdf#_effect> a wsl:Effect ; 

   rdf:value "?p memberOf swe#Phenomenon  

   and ?o[om#observedProperty hasValue ?p] memberOf om#Observation  

   and ?sensor memberOf wlo:WaterlevelSensor  

   and ?observable[obs#isObservedBy hasValue ?sensor] memberOf wlo:GroundWater 

   and ?observation[obs#isPerformedBy hasValue ?sensor] memberOf 
wlo:WaterlevelObservation  

   and annot#domainReference(?observation, ?observationOM) ."^^xsd:string . 

Table 7 - RDF Data Model of an SOS service – relevant part for semantic discovery 
 

The request of a user is specified as a query and specifies the desired output of the service i.e. 
the effect. Additionally the user can specify the desired functional classification that she/he 
expects the service to belong to. Please notice that the query we refer to in this section is a 
semantic query, which, as explained in section 4.1, is integrated in a standard OGC query. We 
will introduce the matchesGoal construct that allows the integration of the semantic query into the 
standard OGC query in section 4.1. The relevant parts of a query for the semantic discovery are 
listed in Table 8. We are looking for services that can perform observations of a given 
phenomenon. 

 

sm:Goal wsl:functionalClassification ex:ObservationService . 

requestedEffect a wsl:Effect ; 

    rdf:value "?p memberOf swe#Phenomenon and  

    ?o[om#observedProperty hasValue ?p] memberOf om#Observation."^^xsd:string . 

Table 8 - Semantic description of the query – relevant part for semantic discovery 

3.2 Semantic discovery algorithm using WSMO-Lite 
In this section we discuss the discovery algorithm that uses query containment for determining 
the match between a service and a query (see [11]). Query containment is a well established 
reasoning task that is implemented and available in the IRIS reasoning engine. More details 
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about the query containment and its implementation with FrozenFacts algorithm in IRIS can be 
found in [11].  

To determine whether there is a match between a service and a goal, the algorithm requires first 
that the logical expressions in WSML-Flight (see Section 3.1) describing the effect of the service 
and the requested effect of a goal, are translated into DATALOG conjunctive queries.  

This task is done using the WSML2Reasoner framework8. WSML2Reasoner is a highly modular 
framework that combines various validation, normalization and transformation algorithms and 
enables the transformation of descriptions from WSML syntax to the internal syntax of various 
reasoners, in our case IRIS. 

Once the DATALOG queries corresponding to the web service and the goal are available we 
simply apply the FrozenFacts query containment algorithm described in [11]. If the answer to the 
query that corresponds to the Web service is contained in the answer of the query corresponding 
to the goal we say we have a match i.e. the Web service matches the goal. Table 9 presents the 
algorithm. 

 

Algorithm: Discovery with query containments 

Input: a goal  and set of service  effects expressed as WSML-Flight formulae 

1. Transform  and  to DATALOG queries  and  

2. For each service query  and goal query  

3.     Construct an empty data base  

4.     Freeze  (replace the variables in  with constants) 

5.     Insert tuples  from  into  

6.     Query  for . The results are tuples   

7.     If  such that  then  and thus  matches  
otherwise  does not match  

Table 9 - Discovery algorithm with query containment. 
 

To exemplify semantic discovery let’s consider again the service and goal description introduced 
in Section 3.1. The goal description in WSML-Flight is available in Table 8 and can be expressed 
as a DATALOG query as illustrated in Table 10. 

 

 

Table 10 - DATALOG query corresponding to the goal description 
 

                                            
8 http://tools.sti-innsbruck.at/wsml2reasoner/ 
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Similarly, the Web service description in WSML-Flight available in Table 7 can be expressed as a 
DATALOG query as illustrated in Table 11.   

 

 

Table 11 - DATALOG query corresponding to the service description 
 
The run through the discovery algorithm with query containment requires first to build an empty 
database  and to freeze . By freezing , we replace  with constants 

 and we obtain: 

 

 

Table 12 - Frozen version of the query  
 
In  we insert the following facts: 

 

 
Running now the query

against the database 
 we obtain the following bindings  that appear also in the answers of  thus 

we can conclude that the  and furthermore that service  is a match for goal . 

 

 

 

 



 

 Copyright © ENVISION Consortium 2009-2012 Page 21 / 33 

 

4 Integration of Semantic Service Discovery in OGC 
Catalogue 

In previous sections we have described the basic query mechanism of OGC services and how 
the semantic description of the OGC services will enable a richer query environment for OGC 
resources in the ENVISION project. In this chapter we describe how this semantic discovery 
mechanism is going to be integrated, which components are needed and how they relate to each 
other and to the rest of the ENVISION platform. More details about the ENVISION platform 
architecture can be found here [6]. 

4.1 Semantic query integration 
In section 2 we have detailed how the discovery process is carried out in the OGC Catalogue 
Services specification. The queries are based on a common language that enables the clients to 
define temporal, spatial and keyword based queries, for which the implementations of the 
catalogues are already optimized. The use of semantic annotations will enable the clients to 
define more sophisticated queries using WSML goals.  

These goals define certain characteristics of the needed resources, such as preconditions or 
post-conditions of the services, mainly defining the kind of information provided by the resource. 

In previous work [7], several approaches for the integration of the semantic queries to the OGC 
protocol have been analysed: 

• Extend the OGC filter and include a new operator for expressing the semantic 
constraints. 

• Wrap the semantic query service as a WPS service with custom input and output 
parameters. 

• Use ad-hoc queries, defining our own way of expressing and sending the semantic 
queries. 

To maintain the compliance with the OGC Query Language, the strategy we are following is the 
definition of an additional operator, the purpose of which is to check if a resource matches the 
goal provided in the query. If we make create an additional operator for the semantic matching, 
we can combine this type of queries with the already existing query mechanism in OGC 
Catalogues. This way we can take advantage of the already optimized spatial and temporal query 
mechanisms but nevertheless adding support for complementary semantic queries. 

4.1.1 Definition of the operator matchesGoal 
We want to add a new operator to the OGC Common Query language that defines a condition 
where an OGC Resource (represented by a record) matches a certain WSML goal. 

First we need to provide the correspondent BNF extension for the operator. This extension has to 
be included as part of a protocol binding or an Application Profile definition. 
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... 

<matchesGoal argument list> ::= <left paren> <wsmlgoal> <right paren> 

<wsmlgoal> ::= <wsml-goal BNF grammar> 

<matchesGoal name> ::= MATCHES_GOAL 

... 

<routine invocation> ::= | <geoop name> <georoutine argument list> 

| <relgeoop name><relgeoop argument list> 

| <routine name><argument list> 

| <matchesGoal name><matchesGoal argument list> 

Table 13 - Fragment of the BNF grammar extension to support operator matchesGoal 
 
The <wsml-goal BNF grammar> is not included because it is part of the standard definition and 
can be found in the correspondent specification9.  

An example of the correspondent XML encoding is shown below: 

<ogc:Filter> 

   <ogc:And> 

       [...] 

       <ogc:Intersects> 

         <ogc:PropertyName> 

           /ExtrinsicObject/Slot[@name="FootPrint"] 

         </ogc:PropertyName> 

         <gml:Box srsName="EPSG:4326"> 

            <gml:coordinates>-4.,52. 8.,42.</gml:coordinates> 

         </gml:Box> 

       </ogc:Intersects> 

 

       <ogc:matchesGoal> 

        <ogc:Literal> 

                myGoal rdf:type wl:Goal. 

                myGoal wl:hasEffect myEffect. 

                myEffect rdf:Type wl:Effect 

                rdf:value " 

                      " ?x memberOf gml:FeatureType 

                        ?dom memberOf domain:River and 

                        annot:domainReference(?x,?dom)." 

                "wsml:AxiomLiteral 

        </ogc:Literal> 

      </ogc:matchesGoal> 

 

   </ogc:And> 

</ogc:Filter>  

Table 14 - XML encoding example of the matchesGoal operator 
 

                                            
9 http://www.wsmo.org/TR/d16/d16.1/v1.0/ 
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The definition of the goals has to comply with the semantic annotations, as defined in Deliverable 
4.2 [8]. 

 

4.2 Discovery architecture 
The ENVISION platform is based on the component framework defined by the JSR 286: Portlet 
Specification 2.0. Two types of components can be defined. If the portlet has a UI, it is called a 
module. If it does only provide services to other portlets it is called service. To be able to provide 
the discovery mechanism needed for the ENVISION platform, two main components are needed: 
a Discovery Module and a Discovery Service. 

 

 
Figure 3 - Discovery architecture inside ENVISION 

4.2.1 Discovery Module 
The discovery module is a portlet providing the necessary user interface to be able to search for 
OGC Services. This portlet has three different parts: 

• OGC standard parameters: enables the user to find services using the OGC defined 
standard queryable parameters, following the already existing OGC Catalogue Service 
query mechanism. This includes also the spatial and temporal aspects of the needed 
resources. 

• Semantic query: enables the user to define a WSML goal to be used in the resource 
discovery. The mechanism to define this goal is part of the Ontobridge Querying Portlet 
as defined in deliverable 4.2 [8]. 

• Results: shows the OGC services that match both the standard query and the semantic 
query. 
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4.2.2 Discovery Service 
This service is the facade for the discovery functionality. It provides the functions for querying and 
registering new semantically annotated OGC services in the ENVISION platform. The rest of the 
components can use this service to search, publish and unpublish semantically annotated OGC 
web services. 

The discovery service is going to be linked to a standard OGC Catalogue Service (in our case the 
GeoNetwork implementation [9]) and also to a reasoner. The reasoner implementing the Query 
Containment algorithm is the DATALOG reasoner IRIS [10]. 

4.2.2.1 ENVISION OGC Catalogue (GeoNetwork) 
This component includes a standard open source deployment of an OGC Catalogue Service. In 
Deliverable 5.1 [3] several alternatives were analysed and finally the open source OGC 
Catalogue Service GeoNetwork was selected. This implementation is based on the HTTP binding 
of the OGC Catalogue Service specification and includes the majority of the functions specified in 
the standard (only the Harvesting function remains to be implemented as stated in the standard, 
nevertheless an alternative method is provided). 

4.2.2.2 Reasoner (IRIS) 
Executing the semantic queries applying the query containment algorithms explained before 
requires the use of a reasoner, a component that can process those semantic queries and 
answer them appropriately. Based on the queries and service descriptions, defined using WSML, 
we need a reasoner capable of reasoning with these definitions. The selected reasoner is IRIS, a 
DATALOG reasoner which has been conveniently extended to support query containment. 

4.3 Catalogue functionality 
In Deliverable 5.1 [3] the requirements for the Discovery of OGC resources in the ENVISION 
platform were detailed. The following table summarizes the main requirements (the functions that 
need to be provided), the components involved in the process and some remarks if needed. 

Requirement Components Remarks 

SEARCH Discovery Module 
Discovery Service 

The search functionality is based on 
semantic queries defined using the 
Discovery Module and executed through 
the Discovery Service. 

BROWSE Discovery Module 
Discovery Service 

The browse operation is a search query 
where the results are displayed in a 
hierarchy by some attribute. 

(UN)PUBLISH Discovery Service The publish functionality is provided to 
the rest of the components to make 
composed or annotated services 
discoverable using standard OGC 
Catalogue.  
Additionally these services can be 
unpublished if they are not longer 
available. 

Table 15 - Requirements of the discovery mechanism 
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4.3.1 Query processing 
As it was explained in section 4.1, we have decided to include the semantic filter as an extra 
filtering option in the requests to the OGC Catalogue Service. We then rely on the already 
optimized OGC Catalogue filter engine for the spatial, temporal and keyword resolution. This 
implies that the query is going to be solved in a two step process, one obtaining the matching 
services for the standard OGC Filter constraints and another one that matches the semantic 
constraints (the WSML goal) using the reasoner. 

The step to be executed first depends on the expected results and the performance of both the 
standard filter engine and the semantic reasoner. Intuitively, the semantic reasoning is bound to 
take longer than the standard filtering so it is reasonable to reduce the matching operations to the 
services that previously have fulfilled the standard filter restrictions. 

Therefore the query processing steps would be the following:  

1. An OGC query is handed to the discovery service. This query has been composed using 
the Discovery Service Module, which has a User Interface that enables the selection of 
spatial and time constraints, as well as keywords. Besides a semantic WSML goal is 
included in the query. 

2. The Discovery service splits the query and first sends the Standard Query to the 
preinstalled OGC Catalogue Service, which has registered the services containing the 
semantic annotations. 

3. A set of service descriptions are returned. These service descriptions are semantically 
annotated, so the required ontologies needed for the reasoning can be retrieved and 
added to the reasoner if necessary. 

4. These service descriptions and the semantic goals are sent to the reasoner to calculate 
which services match the desired goal using the Query Containment algorithm. 

5. As a result the final list of matching services is calculated and returned to the Discovery 
Module in the corresponding format. 

6. The results are then presented to the user in the User Interface. 
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Figure 4 - Query processing diagram 

 
As the number of services increases, the corresponding databases might grow considerably large. 
This might lead to an inefficient processing of the service descriptions, because they are passed 
from the OGC Catalogue to the reasoner every time a query is sent. This problem can be solved 
by defining a shared database and establishing some shared identifiers in the OGC resources. 
This issue nevertheless is going to be addressed in the implementation phase of the discovery 
service. 
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5 Implementation 
In this phase of the project we have deployed an open source catalogue and are preparing the 
basic infrastructure for the semantic queries. The existing open source OGC Catalogues were 
analysed in Deliverable 5.1 [3] and GeoNetwork was selected as the deployment option for the 
ENVISION Catalogue. 
 
Regarding the software platform, ENVISION components are being developed against the Portlet 
specification JSR 28610, so that the components are deployable in many different application 
servers that support this specification. For the discovery mechanism the components defined in 
the Discovery architecture can be directly mapped to portlets. 
 
In the first phase of the implementation we will focus on the development of the discovery module 
(portlet with the interface for service discovery) and its integration with a standard OGC 
Catalogue deployment. 

5.1 Discovery Module 
The discovery module is a portlet that presents a simple user interface to the user where the 
queries for resources can be specified. This interface must have the following components: 

 

Visual Component Type Purpose Covered in 
this release 

Keywords box Input Introduction of keywords related to the 
services to be discovered 

YES 

Spatial constraints Input Select the geographical area to be 
covered by the discovery 

YES 

Semantic query Input Define a WSML goal to be fulfilled by 
the services 

NO 

Temporal constraints Input Select the time slot for the service 
discovery 

NO 

Search button Input Trigger the discovery process YES 

Add to User collection 
button 

Input Trigger the process of sending the 
selected resources to the user 
collection. 

YES 

Results area Output Display the discovery results PARTIAL 

Table 16 - Discovery module visual components 
 

 

 

                                            
10 http://www.jcp.org/en/jsr/detail?id=286 
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5.1.1 Discovery Module activity diagram 
The following figure shows the execution lifecycle of the current version of the discovery 
mechanism, focused on the interactions with the user interface. 

 

  
Figure 5 - Discovery Module activity diagram 
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5.1.2 Discovery Module UI 
The following figure shows the user interface of the discovery portlet, containing all the 
components covered in this version. 

 
Figure 6 - Discovery Module UI 

 

5.2 Discovery Service 
The discovery service is provided by the business logic components needed to connect the 
portlet interface with the OGC catalogue and the needed infrastructure for the semantic query. In 
this deliverable we do not cover the semantic query implementation yet, so this component will be 
completed in the next iteration. 

5.3 OGC GeoNetwork 
For the implementation of the discovery mechanism an already deployed OGC catalogue is 
needed. This server will be used as a connection point to the rest of the OGC compliant Web, 
both enabling the use of other OGC catalogues by the use of distributed queries but also making 
them publicly available. 

Details on how to deploy this system can be found in [3]. 
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Figure 7 - GeoNetwork OGC Catalogue administration interface. 

 

5.4 Integration in the ENVISION platform 
The discovery mechanism components are linked to the rest of the ENVISION platform as 
follows: 

5.4.1 Resource Module 
One of the main components of the ENVISION platform is the Resource Module. The Resource 
Module is responsible for providing the mechanisms for the semantic annotation of resources and 
also for keeping track of the user collection of services and resources that might be used in the 
composition capabilities of the platform [8]. 

The relation with the Resource Module is bidirectional. On the one hand the discovery 
mechanism might add resources that were discovered to the Resource Module (adding them to 
the user collection of resources) and on the other hand the Resource Module might need to 
publish annotated resources as OGC Services using the OGC Catalogue functionality of the 
discovery mechanism. 
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5.4.2 Ontology Querying Module 
The Ontology Querying Module will provide the needed components for the user to be able to 
define a semantic query in a simple and effective fashion. 

All these components are being developed in parallel by different partners, but the integration will 
be carried out using interportlet communication mechanisms. 

The integration of these components is an ongoing work and it will be detailed in future 
Deliverable 5.4. 
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6 Conclusions and Features for next version 
      
In this deliverable we proposed a first integration of the semantic discovery engine with an OGC 
open source catalogue. We propose a loose integration of the two components into a Discovery 
Service that can process combined queries specified using OGC query specification language 
and semantic language (e.g. WSML). The Discovery Service, which is the central part of the Se-
mantic Catalogue, can be accessed through a Discovery Module implemented using Portlet tech-
nology.  
 
The current implementation of the Semantic Catalogue will be extended in the next iteration as 
follows:  
 

• Discovery Module: the current interface will be further developed to support the specifica-
tion of temporal queries, not only spatial queries. Furthermore, the integration with the 
OntoBridge module will be implemented allowing the specification of semantic queries.  
 

• Discovery Service: next steps include the mechanism for splitting the non-semantic and 
the semantic part as well as the implementation of the integration of the semantic discov-
ery module into the Discovery Service internal flow. 
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