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Executive Summary

NETMAR aims to develop a pilot European Marine Information System (EUMIS) for
searching, downloading and integrating satellite, in situ and model data from ocean and
coastal areas. EUMIS will use a semantic framework coupled with ontologies for identifying
and accessing distributed data, such as near-real time, forecast and historical data.

The NETMAR semantic framework aims to provide the tools (APIs and services) required to
handle semantics in various EUMIS components, and external applications. It will be
responsible for reasoning over the NETMAR semantic knowledge and for providing high-
level and easy-to-use semantic operations through a standardised interface, called the
semantic web service (SWS).

In EUMIS, the semantic web service will be used by the following components:

e The data and service discovery components, to facilitate “smart search”, i.e. enabling
search through the meaning of terms, as opposed to free (simple) text search. This
allows users to search for products using the terms they are familiar with, say
“rainfall”, while the semantic framework will also find products tagged with related
terms such as “moisture” or “precipitation”. The semantic framework will also support
multi-lingual search, enabling users to give search terms in their native language, e.g.
“wasser”, and translate this to other languages, say “water” in English and “eau” in
French, to find relevant products described in other languages.

e The service chaining editor, to determine whether two services are “compatible”, i.e. if
the output of the first service is semantically equivalent to the expected input of the
subsequent service in the chain. Likewise, a processing service can use the semantic
framework to ascertain that the input given to it is semantically equivalent to its
expectations.

e The vocabulary (ontology) browser, to allow users to explore and understand the
NETMAR terminology and to identify topics and datasets or services of interest.

This report specifies the NETMAR semantic framework (version 2) by formulating a set of
recommendations for designing and implementing the semantic framework. The main
recommendations related to the semantic framework are summarised below.

1. The NETMAR SWS SHALL support requests in both key value pair (KVP) and XML
encodings.

2. The NETMAR SWS SHALL provide a RESTful interface.

3. The SWS response encoding SHOULD be RDF/XML using the SKOS model.

4. The NETMAR SWS SHALL deliver vocabularies that comply with the SKOS
specification.

5. The NETMAR SWS SHALL provide a SOAP interface, as tests have shown that for
requests returning large payloads, the performance is significantly increased. This
SOAP interface SHALL conform to the W3C standard

6. Upon encountering an exception, the service SHALL generate an XML document
stating that an exception has occurred and providing a traceback report of the error
for debugging purposes. An XML schema and a specification for error codes are
proposed in this document.

7. The NETMAR SWS (version 2.0) SHOULD support the following operations:

a. GetCapabilities: Retrieves service metadata, including supported operations,
response formats, available concept schemes, and their supported languages.

b. GetConceptSchemes: Lists available concept schemes with their annotations
(labels, definitions, etc.).

c. GetConceptScheme: Returns a concept scheme definition given its URI. The
response includes the concept scheme’s annotations.

© 2011 NETMAR Consortium EC FP7 Project No. 249024
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SearchConceptScheme: Returns the definition(s) of one or more concept
scheme(s) matching a specified free-text keyword.
GetConceptSchemeContent: Returns the content of a given concept
scheme (identified by its URI), including its collections and concepts.
GetCollections: Lists available concept collections with their annotations.
Collections may be filtered by one or more concept schemes.

GetCollection: Returns a collection definition identified by its URI. The
response includes the collection’s annotations.

SearchCollection: Returns the definition(s) of one or more collection(s)
matching a specified free-text keyword.

GetCollectionContent: Returns the content of a given collection (identified by
its URI), including member collections and concepts.

GetConcepts: Returns the definitions of the concepts belonging to a specified
concept scheme and/or collection.

GetConcept: Returns a concept definition given its URI. The response
includes the concept’s annotations.

SearchConcept: A smart search operation that returns the concepts matching
a given keyword.

. GetRelatedConcepts: Returns the concepts related to one or many given

concept(s) using one or many given SKOS relationship(s) (e.g., narrower,
broader, related, etc.), both from direct assertions and by entailment.
GetExplicitTopConcepts: Returns the concepts that have explicitly been
asserted as top concepts of a specified concept scheme.
GetlmplicitTopConcepts: Returns the concepts of one concept scheme that
have no broader concepts within the latter.

GetConceptHierarchy: This operation is suitable for small thesauri, and is
useful for ontology browsers. It returns the hierarchy of the concepts within a
given concept scheme and/or collection.

CheckRelation: Checks whether two specified concepts are related via a
specified SKOS relationship.

The report also proposes an uncertainty propagation model for service chaining. In addition
to the mathematical models for uncertainty and uncertainty propagation, we make
recommendations regarding the encoding and communication of uncertainty. The main
recommendations are:

1.
2.

Uncertainty SHALL be encoded in the UncertML XML grammar

Uncertainty information SHALL be made available as part of NetCDF, GML and O&M
data, or as part of ISO-19115 data quality information metadata, conforming to the
recommendations of UncertWeb. The data option being the preferred one.

© 2011 NETMAR Consortium EC FP7 Project No. 249024
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1 Introduction

1.1 Background

NETMAR! aims to develop a pilot European Marine Information System (EUMIS) for
searching, downloading and integrating satellite, in situ and model data from ocean and
coastal areas. It will be a user-configurable system offering flexible service discovery, access
and chaining facilities using OGC, OPeNDAP and W3C standards. It will use a semantic
framework (SF) coupled with ontologies for identifying and accessing distributed data, such
as near-real time, forecast and historical data. EUMIS will also enable further processing of
such data to generate composite products and statistics suitable for decision-making in
diverse marine application domains. Figure 1.1 illustrates how observations, derived
parameters and predictions are retrieved from a distributed service network through standard
protocols, and delivered through the EUMIS portal using ontologies and semantic
frameworks to select suitable products and where new products can be generated
dynamically using chained processing services.

Search
Ontologies & Execute

Semantic Frameworks SOMpOsa

Wisualise

— .\" Analyse
! . g i OGC, OPeNDAP, W3C protocaols

Service Chaining - -~

m European Marine Information System
G £ ‘\“\ L.
— i

Figure 1.1. The NETMAR Service Network

1.2 Objective of this Report

This report provides a formal specification for version 2.0 of the NETMAR semantic
framework for discovering, accessing and chaining marine environmental web services. It
defines the interfaces for semantic resources access using HTTP as the distributed
computing platform. Via these interfaces, a web user or service can use and combine
semantic knowledge.

The report also defines a model for uncertainty propagation in NETMAR service chains.

1.3 Terminology
This document uses several keywords that are defined as follows.

1.3.1 Semantic Framework

The key concept in this report is “semantic framework”. In reality, there is no common
definition for such a concept. Therefore it is important that we define what we mean by
“semantic framework”.

! http://www.netmar-project.eu/
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The term “semantic framework” (SF) as used in this report means: a collection of classes,
libraries, application programming interfaces (APIs), or applications that can be used to build
semantics-aware information systems that integrate, manage, handle or deliver semantic
knowledge related to the information system’s data and services.

1.3.2 Operation

Specification of a transformation or query that an object may be called to execute [Pe02]

1.3.3 Interface

A named set of operations that characterise the behaviour of an entity [Pe02]

1.3.4 Service
A distinct part of the functionality that is provided by an entity through interfaces [Pe02]

1.3.5 Service Instance

An actual implementation of a service; service instance is often interchangeable with server

1.3.6 Client

A software component that can invoke an operation from a server

1.3.7 Request

An invocation by a client of an operation

1.3.8 Response

The result of an operation returned from a server to a client

1.3.9 Capabilities XML

Service-level metadata describing the operations and content available at a service instance

1.3.10 Recommendations

For recommendations, the following terms are used.

Rule

Rules SHALL be followed to ensure compatibility and/or conformance with standards,
directives or the project objectives. A rule is characterised by the use of the words SHALL
and SHALL NOT.

Rules related to the NETMAR semantic framework are identified using keys in the format:
RUL.SF.X (where X is a number).

Recommendation

Recommendations consist of advice to implementers that will affect the usability of the final
module (here the NETMAR semantic framework). A recommendation is characterised by the
use of the words SHOULD and SHOULD NOT.
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Recommendations related to the NETMAR semantic framework are identified using keys in
the format: REC.SF.X (where X is a number).

Permission

Permissions clarify areas of the specification that are not specifically prohibited. Permissions
reassure the reader that a certain approach is acceptable and will cause no problem.
Permissions are characterised by the use of the word MAY.

Permissions related to the NETMAR semantic framework are identified using keys in the
format: PER.SF.X (where X is a number).

SHALL

“SHALL” is a keyword indicating a mandatory requirement. Designers SHALL implement
such mandatory requirements in order to ensure conformance with the project objectives.
This word is usually associated with a rule.

SHOULD

“SHOULD” is a keyword indicating flexibility of choice with a strongly preferred
implementation. This word is usually associated with a recommendation.

MAY

“MAY” is a keyword indicating flexibility of choice with no implied preference. This word is
usually associated with permissions.

IF — THEN — [ELSE]

Conditional rules, recommendations or Permissions MAY be used in the case where different
scenarios are possible. In such a case we use an expression IF — THEN — [ELSE] (ELSE
being optional).

1.4 Organisation of this Report

This report is organised as follows. Chapter 2 provides an overall description of the NETMAR
semantic framework. Next, chapter 3 specifies the basic server requirements such as
versioning, HTTP request and response rules, and request encoding. Chapter 4 specifies the
functional requirements for the NETMAR semantic framework. That is basically the
operations supported by the semantic framework. Chapter 5 specifies non-functional
requirements such as those related to performance and security. Finally, chapter 6 specifies
a model for uncertainty propagation in the NETMAR service chains.
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2 Overview of the NETMAR Semantic Framework

The proposed high-level architecture for the NETMAR semantic framework is illustrated in
Figure 2.1. The semantic framework components are represented with dark-blue boxes.
Light-blue boxes represent internal EUMIS components, such as the graphical user interface
(GUI), the service chaining engine and the Catalogue Service for the Web (CSW) mediator
[LLW10]. Black boxes represent external applications or resources.

The NETMAR semantic framework SHALL deliver semantic knowledge required by the
EUMIS components or external applications through a web interface, called Semantic Web
Service (SWS).

GUI
(Ontology Browser,

Service Chaining
T CSWMediator
1
rntoman
Services
Uncertainty Engine

MMI
Ontologies

g
-
:
b
3
3
g
:
=

Figure 2.1. NETMAR High-Level Semantic Framework Architecture

Rather than re-inventing the wheel and building a semantic knowledge base from scratch,
the NETMAR semantic framework will build on the existing operational NERC Vocabulary
Server (NVS). The NVS already contains a very large number of terms and mappings
between them, including BODC and SeaDataNet vocabularies and mappings to external
resources. The NVS consists of three main layers:

© 2011 NETMAR Consortium EC FP7 Project No. 249024



NETMAR Deliverable D4.3.2: NETMAR Semantic Framework Specification — Final version 5

1. At the very bottom of the NVS, a data base management system (Oracle) is used to
store and query semantic resources (lists, terms and mappings between terms). The
use of a database management system (instead of a simple RDF or OWL files) is
intended to improve performance and scalability.

2. An ontology framework with reasoning capabilities (such as the Jena semantic web
framework?) MAY be used as a low-level API to query the semantic knowledge and
perform reasoning.

3. On top of the ontology framework (if any) or alternatively on top of the semantic
knowledge stands the NERC vocabulary web service (NVS web interface).

The NVS supports numerous semantic operations such as those that retrieve lists, terms,
related terms, etc. However more effort still needs to be made to:

1. Standardise the operations’ request, response, and exception formats; and comply
with the SKOS terminology (e.g., the use of concepts and concept schemes vs. terms
and lists)

2. Extend the list of supported operations in order to cope with the various NETMAR
EUMIS use cases.

As the NVS is operational and is currently being used by many external projects and
applications, no fundamental changes SHOULD be introduced in its interface. Rather, a
standardised web interface, called the Semantic Web Service (SWS), SHOULD be built on
top the NVS. Such an interface will provide high-level operations supporting query services
that correspond to the NETMAR use of the SKOS model.

The design and implementation choices for the NETMAR ontology framework, which are
internal to the NVS, are left to the developer (BODC). However, the specification of the SWS
constitutes the objective of this document. Therefore, this report focuses on specifying the
basic service requirements, functional requirements, and non-functional requirements for the
SWS version 2.0.

This chapter defines basic notions related to the SWS and to outline, in general terms, the
way to process semantic web service requests and the main operations to be supported by
the NETMAR semantic framework (version 2.0).

2.1 Semantic Web Service

The NETMAR semantic web service is primarily intended to respond to common/recurring
queries over a SKOS-based knowledge base (ontologies). An initial set of common query
types (operations) has been identified as part of the NETMAR report entitled “Semantic
Framework Strategy” [LLW10]. The decision was made based on the common operations
requested by the various EUMIS components (GUI, mediators, service chaining engine,
etc.).

In this section, we introduce SKOS constructs. As SKOS is available as an OWL ontology,
we firstly define a few useful OWL constructs, such as classes and properties.

2.1.1 Resources

A resource is an abstract term that refers to any of the concepts defined in the subsequent
subsections. We refer to resources using the notation <namespaces>:<resourceName>,
where <namespace> refers to the namespace of the vocabulary or XML schema in which
the resource is defined, and <resourceName> refers to the local name of the resource For

2 http://jena.sourceforge.net/
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instance, owl : Class refers to the construct “Class” defined in the OWL language. Below is
the list of namespaces used in this chapter.

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#

owl: http://www.w3.o0rg/2002/07/owl#

skos: http://www.w3.o0rg/2004/02/skos/core#

2.1.2 Classes & Instances (Individuals)

The term “class”, as used in this document, is interchangeable with “OWL class”
(owl:Class) [DS04]. In OWL, classes provide an abstraction mechanism for grouping
resources that share similar characteristics. For instance, Instrument or Parameter can be
regarded as classes. A resource belonging to a given class is called instance of that class or
also individual. For example, Thermometer is an instance of Instrument.

A class may be a subclass of another, in which case the latter would be called super-class of
the former. Inheritance relationships (sub-class and super-class) are transitive. In OWL, all
classes are direct or indirect sub-classes of the OWL Thing class (owl : Thing).

2.1.3 Properties

RDF properties (rdf : Property) provide a mechanism for creating relationships amongst
resources or between resources and data values. OWL refines RDF properties into four
types of properties:

e Object properties (owl :0bjectProperty), which link individuals to individuals; for
instance an Instrument measures a Parameter; therefore measures may be
considered as an object property;

e Data type properties (owl:DatatypeProperty), which link individuals to data
values (also called atomic values or literals); for instance: a Place may have a
northernmost latitude which can be defined as a data type property;

e Annotation properties (owl : annotationProperty), which link resources (classes,
individuals, properties, etc.) to data values or resources; for instance the RDFS label
property (skos:label) and the SKOS preferred label property (skos:prefLabel)
are annotation properties;

e Ontology properties (owl :OntologyProperty), which link ontologies to resources
or data values; for instance owl : backwardCompatibleWith (backward compatible
with) is an ontology property.

According to RDFS, a property may be a sub-property of another (see examples below from
SKOS). OWL provides constructs for specifying mathematical properties of properties, such
as transitivity, symmetry, inverse property, etc.

2.1.4 SKOS Concept Schemes

In SKOS, vocabularies MAY be organised into concept schemes (skos:ConceptScheme).
A concept scheme can be regarded as a knowledge organisation system, a thesaurus or a
classification scheme. For instance, in the current NERC vocabulary server (NVS), a list at a
given version SHOULD be indentified with a concept scheme.
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In SKOS, concept schemes SHALL be implemented as instances of the SKOS
ConceptScheme class (skos: ConceptScheme). Below is an example of a concept scheme
definition.

<skos:ConceptScheme rdf:ID="http://vocab.ndg.nerc.ac.uk/list/P081/3">
<skos:definition xml:lang="en">
Terms used to classify SeaDataNet Agreed Parameter Groups to provide
topic/theme level terms in a hierarchical parameter discovery interface
</skos:definition>
<skos:preflabel xml:lang="en">
SeaDataNet Parameter Disciplines
</skos:prefLabel >
<l--L..-->
</skos:ConceptScheme>

2.1.5 SKOS Concepts

A concept is defined in the SKOS reference [MB09] as “an idea or notion; a unit of thought.”
In the current version of NVS, a term SHALL be identified with a concept. In SKOS, concepts
are instances of the SKOS Concept class (skos: Concept). As we are only supporting OWL
DL (and consequently OWL Lite) [MHO4], concepts SHALL NOT be classes. Nevertheless
they MAY be organised internally in OWL classes. For instance, one MAY define a class
Place for containing place concepts, and a sub-class of that named ICESDivision (i.e., ICES
division).

Concepts SHALL be linked to concept schemes using the skos:inScheme object property as
shown in the example below.

<skos:Concept rdf:ID="http://vocab.ndg.nerc.ac.uk/list/P081/3/DS10">
<skos:inScheme rdf:resource="http://vocab.ndg.nerc.ac.uk/list/P081/3"/>
<skos:preflLabel xml:lang="en">Environment</skos:prefLabel>
<skos:definition xml:lang="en">
The domain documenting the activities of man that have an effect on the
Earth System
</skos:definition>
</skos:Concept>

IF a concept is a top-level concept of a given concept scheme THEN it SHOULD be defined
as such using the skos:topConceptOf object property (the inverse of which is
skos:hasTopConcept). A concept is a top concept of a concept scheme if it has no
broader concept within the concept scheme in question.

<skos:ConceptScheme rdf:ID="http://vocab.ndg.nerc.ac.uk/list/P081/3">
<!—Concept scheme definition...-->
<skos:hasTopConcept>
<skos:Concept rdf:ID="http://vocab.ndg.nerc.ac.uk/list/P081/3/DS10">
e S
</skos:Concept>
</skos:hasTopConcept >
</skos:ConceptScheme>

Please note that skos : topConceptOf is a sub-property of skos:inScheme (c.f. Figure 2.2).
Therefore, if a concept is defined as a top concept of a given concept scheme then there is
no need to define it as belonging to it.
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skos:inScheme

+- skos:topConceptOf <--> (inverse of skos:hasTopConcept)

Figure 2.2. Concept-Concept Scheme Relationships
2.1.6 SKOS Collections

Another useful notion in SKOS is that of collections (skos:Collection). SKOS collections
are groups of concepts that share something in common and which can be labelled
(skos:Collection) or ordered (skos:OrderedCollection); c.f., Figure 2.7.

skos:Collection [A meaningful collection of concepts]

+- skos:0OrderedCollection [An ordered collection of concepts, where both the grouping and the
ordering are meaningful]

Figure 2.3. SKOS Collections

SKOS collections are useful in general as a way to define simple classification schemes
within a thesaurus (concept scheme) or as a way to order concepts. For instance, concepts
representing remote sensing instruments may be grouped into one collection. A collection
may contain concepts and/or other collections.

Collection memberships are expressed using the skos:member and skos:memberList
properties. The former is used to ascertain that a collection contains a concept or another
collection. The latter is used to list the elements of an ordered collection in an rdf:1ist
[MMO4].

Below is an example that defines two collections: RemoteSensinginstruments and
ActiveRemoteSensinginstruments. The latter contains two concepts, MultibeamEchosounder
and SingleBeamEchosounder, and is a member of the former. For the same of readability,
we do not use URIs as identifiers in the subsequent examples.

<skos:Collection rdf:ID="RemoteSensingInstruments"s>
<skos:preflLabel xml:lang="en”>Remote Sensing Instruments</skos:preflabel>
<!--Collection definition here: labels, definition, etc.-->
<skos:member>
<skos:Collection rdf:ID="ActiveRemoteSensingInstruments">
<!--Collection definition here: labels, definition, etc.-->
<skos:member>
<skos:Concept rdf:ID="MultieamEchosounder">
<!--Concept definition here: labels, definition, etc.-->
</skos:Concept>
</skos :member>
<skos:member>
<skos:Concept rdf:ID="SingleBeamEchosounder">
<!--Concept definition here: labels, definition, etc.-->
</skos:Concept>
</skos :member>
</skos:Collection>
</skos :member>
</skos:Collection>
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The example below defines an ordered collection, called MarineStrata, which consists of four
concepts: SubSeabed, Seabed, WaterColumn, and WaterSurface, ordered vertically from the
lowest to the highest.

<skos:0rderedCollection rdf:ID="MarineStrata">
<skos:preflLabel xml:lang="en”>Marine Strata</skos:prefLabels>
<!--Collection definition here: labels, definition, etc.-->
<skos:memberList>
<rdf:List>
<rdf:first>
<skos:Concept rdf:ID="SubSeabed"/>
</rdf:firsts>
<rdf:rest>
<rdf:List>
<rdf:first>
<skos:Concept rdf:ID="Seabed"/>
</rdf:firsts>
<rdf :rest>
<rdf:List>
<rdf:first>
<skos:Concept rdf:ID="WaterColumn"/>
</rdf:firsts>
<rdf :rest>
<rdf:List>
<rdf:first>
<skos:Concept rdf:ID="WaterColumn"/>
</rdf:firsts>
</rdf:List>
</rdf:rest>
</rdf:List>
</rdf:rest>
</rdf:List>
</rdf:rest>
</df:List>
</skos :memberList>
</skos:0rderedCollection>

2.1.7 SKOS Annotations

SKOS defines a set of annotation properties for annotating resources (classes, properties,
concepts, etc.). SKOS annotation properties are divided into two groups: lexical labels and
documentation properties (or note properties).

2.1.7.1 Lexical Labels

Lexical labels, the values of which are UNICODE characters in a given natural language, are
used to associate various types of labels with concepts or resources in general, such as
preferred label or alternative labels, etc.

rdfs:label
+- skos:preflabel
+- skos:altLabel

+- skos:hiddenLabel

Figure 2.4. SKOS Lexical Labels

As shown in Figure 2.4, all SKOS lexical labels are sub-properties of the RDFS label
annotation property (rdfs:label). Preferred and alternative labels (skos:prefLabel and
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skos:altLabel) are human-readable representations of concepts or resources. A hidden
label MAY be a popular misspelled label, which may be useful for improving vocabulary
search. For instance, one may define “Guage” (which is a very common misspelling of
“Gauge”) as a hidden label for the concept “Gauge.” This would help users find the term
“gauge” event when they misspell it as “guage”.

Below is an example of a valid concept definition using the three SKOS lexical labels
(preferred, alternative and hidden labels).

<skos:Concept rdf:ID="Gauge”>
<skos:preflLabel xml:lang="en”>Gauge</skos:prefLabel>
<skos:altLabel xml:lang="en”>Gage</skos:altLabel>
<skos:hiddenLabel xml:lang="en”>Guage</skos:hiddenLabel>
<l--L..-->

</skos:Concept>

Preferred, alternative and hidden labels in a given language SHALL be all mutually exclusive.
Therefore, the same term SHALL NOT be used simultaneously as alternative label and
preferred label (or as preferred label and hidden label, or as alternative label and hidden
label) within one given language.

Every concept SHOULD at least have a label (preferred label) per language, even if the label
is the same as the concept ID (c.f. example above). And, as per the SKOS specification
[MBOQ9], a resource SHALL NOT have more than one preferred label (skos:prefLabel
value) per language.

Finally, as all SKOS lexical labels are sub-properties of the RDFS label, ontology
administrators SHOULD avoid defining RDFS labels for the ontology resources. Rather they
SHALL use the SKOS lexical labels, which are more specific. RDFS labels can be inferred
from SKOS labels.

2.1.7.2 Documentation Properties

SKOS defines a set of documentation properties (also called note properties) designed to
provide information about SKOS concepts. The top level SKOS documentation property is
skos :note which may be used directly, or as a super-property for more specific note types.
The SKOS documentation properties are illustrated in Figure 2.5. The main of them is
skos:definition which provides a statement or formal explanation of the meaning of a
concept. Definitions are very useful as they explain to users what the concepts within a given
ontology actually mean, thus allowing for the disambiguation of terms. Therefore, every
concept SHALL have at least one definition per supported language.

Please note that there is no restriction on the nature of the information provided by SKOS
documentation properties. This can be plain text, hypertext, image, or even an object
(individual). Nevertheless, in this version of the semantic framework, we only support plain
text literals.
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skos

skos:note
+- skos:
T_ skos:
T_ skos:
T_ skos:
+-

|

4

skos:

[A general note, for any purpose]
changeNote [A note about a modification to a concept]
definition [A statement or formal explanation of the meaning of a concept]
editorialNote [A note for an editor, translator or maintainer of the vocabulary]

example [An example of the use of a concept]

:historyNote [A note about the past state/use/meaning of a concept]

scopeNote [A note that helps to clarify the meaning and/or the use of a concept]

Figure 2.5. SKOS Documentation Properties

2.1.8 SKOS Semantic Relations

SKOS provides a set of object properties, known as semantic relations, useful to link
concepts within a concept scheme. All SKOS semantic relations are sub-properties of
skos:semanticRelation. Figure 2.6 shows the SKOS semantic relations, which are

represented in black (red ones correspond to mapping properties, c.f., subsection 2.1.8).

+- skos:broaderTransitive [Transitive super-property of skos:broader]

+- skos:

skos:semanticRelation [Links a concept to a concept related by meaning]

+- skos:broader [Relates aconcept to a concept that is more general in meaning]

+- skos:broadMatch [See below]

+- skos:narrowerTransitive [Transitive super-property of skos:narrower]

+- skos:narrower [Relates a conceptto a concept thatis more specific in meaning]

+- skos:narrowMatch [See below]

related [A statement or formal explanation of the meaning of a concept]

+- skos:relatedMatch [See below]
+- skos:mappingRelation [Relates two concepts coming, by convention, from different schemes]
+- skos:broadMatch [Hierarchical mapping between two concepts in different schemes]

+- skos:narrowMatch [Hierarchical mapping between two concepts in different schemes]

+- skos:relatedMatch [Associative mapping between two concepts in different schemes]

+- skos:closeMatch [Links two concepts that are similar enough to be used interchangeably]

+- skos:exactMatch [Links two concepts with a high degree of similarity]

Figure 2.6. SKOS Semantic Relations

By convention, those semantic relations written in italic SHALL NOT be used directly to make
assertions. Rather they SHOULD be used to draw inferences about the hierarchical structure
of relationships or their transitivity.

For instance, assume you have two concepts Geology and MarineGeology, the former being
broader then the latter. Then, you SHOULD NOT make the assertion

MarineGeology skos:broaderTransitive Geology,

or the assertion

MarineGeology skos:semanticRelation Geology.
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Rather you SHOULD make the following assertion (from which the above assertions can be
inferred if requested by a user).
MarineGeology skos:broader Geology.

2.1.9 SKOS Mapping Properties

SKOS provides a set of mapping properties intended for linking concepts from different
concept schemes. The SKOS mapping properties are all sub-properties of
skos:mappingRelation. SKOS mapping properties are represented in red in Figure 2.6.

When mappings concepts from different schemes one SHOULD use SKOS mapping
properties rather than SKOS semantic relations.

2.2 Multilinguality

As per the best practices and guidelines for multilinguality defined by the European
Environment Information and Observation Network (EIONET)?*:

1. Language codes SHALL follow the 1ISO 639-1 international standard;

2. In order to be able to display Latin, Greek, Armenian, Georgian and Cyrillic on the
same page, we SHALL use a character set that contains all these alphabets.
Therefore, we SHALL use UTF-8 as the character code for content transmitted to the
web browser (or semantic framework clients in general).

In RDF and OWL, labels and definitions of resources SHALL declare their languages using
the xml : 1ang attribute. An example of a SKOS multilingual concept is shown below.

<?xml version="1.0" encoding="utf-8"?>

<skos:Concept rdf:ID="Geology” >

<skos:preflLabel xml:lang="en”>Geology</skos:prefLabel>

<skos:preflLabel xml:lang="fr”>Géologie</skos:preflLabels>

<skos:definition xml:lang="en”>The scientific study of the origin, history,
structure, and composition of the earth</skos:definition>

<skos:definition xml:lang="fr”>Domaine scientifique qui étudie l'origine de 1la
Terre, son histoire, sa forme, les matériaux qui la composent et les processus
qui ont agi sur elle ou qui agissent encore</skos:definitions>

</skos:Concept>

As per the SKOS specification [MB09], a resource SHALL NOT have more than one
preferred label (skos :prefLabel value) per language tag.

2.3 General OWL and SKOS Rules and Recommendations

Because semantic resources, in the NETMAR semantic framework, are stored in a database
management system and not in a triple-store or RDF or OWL files, it makes it difficult to use
an OWL or RDF validation tool to validate the NETMAR semantic resources. Added to that,
some of the SKOS rules are not enforced and thus cannot be checked by validators.
Therefore, it is very important to bear in mind the following general rules when managing the
semantic resources.

When working with SKOS, one SHALL bear in mind that concepts, collections, and concept
schemes are mutually disjoint. Therefore, a concept cannot be a concept scheme or a

® http://www.eionet.europa.eu/
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collection, and a collection cannot be a concept scheme. In the same way, you SHALL NOT
use SKOS semantic relations or mapping properties to link a collection to a concept (or vice
versa) or a concept scheme to a collection or a concept, and so on. In fact, SKOS semantic
relations and mapping properties SHALL only link concepts to concepts.

More rules and recommendations related to SKOS can be found in the SKOS reference
[MBO09].

The NETMAR internal semantic knowledge base MAY benefit from the rich capabilities and
expressiveness of OWL. For instance it MAY organise concepts internally in a hierarchy of
OWL classes and MAY use inference rules, class restrictions, OWL and OWL 2 constructs,
etc. However this SHOULD be transparent to the SWS users. Data delivered by the SWS
SHOULD be SKOS-compliant.

2.4 Semantic Resources ldentification
Semantic resources SHOULD be identified using their URISs.

It is very common that the URI of a semantic resource within a concept scheme or ontology
is of the form: <namespaces>#<resource local name>, where <namespace> is an
ontology or concept scheme URI. However, this is not a general rule. For instance, the NVS
uses URIs of the form:
e http://vocab.ndg.nerc.ac.uk/list/<listReference>/<listVersions>
for lists (i.e., concept schemes),
e http://vocab.ndg.nerc.ac.uk/term/<listReferences>/<listVersions>/
<entryReference> for entry terms (i.e., concepts).

2.5 Operations

The NETMAR SWS aims to provide a web interface for querying SKOS thesauri through a
standardised set of high-level and easy-to-use operations required by most common
semantically enabled clients such as data and metadata mediators, service chaining
engines, vocabulary browsers and data and service discovery interfaces. The NETMAR
SWS will support the following operations.

1. GetCapabilities
Retrieves service metadata, including supported operations, response formats,
available concept schemes, and their supported languages.

2. GetConceptSchemes
Lists available concept schemes with their annotations (labels, definitions, etc.).

3. GetConceptScheme
Returns a concept scheme definition given its URI. The response includes the
concept scheme’s annotations.

4. SearchConceptScheme
Returns the definition(s) of one or more concept scheme(s) matching a specified free-
text keyword.

5. GetConceptSchemeContent
Returns the content of a given concept scheme (identified by its URI), including its
collections and concepts.

6. GetCollections
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10.

11.

12.

13.

14.

15.

16.

17.

Lists available concept collections with their annotations. Collections may be filtered
by one or more concept schemes.

GetCollection
Returns a collection definition identified by its URI. The response includes the
collection’s annotations.

SearchCollection
Returns the definition(s) of one or more collection(s) matching a specified free-text
keyword.

GetCollectionContent
Returns the content of a given collection (identified by its URI), including member
collections and concepts.

GetConcepts
Returns the definitions of the concepts belonging to a specified concept scheme
and/or collection.

GetConcept
Returns a concept definition given its URI. The response includes the concept’s
annotations.

SearchConcept
A smart search operation that returns the concepts matching a given keyword.

GetRelatedConcepts

Returns the concepts related to one or many given concept(s) using one or many
given SKOS relationship(s) (e.g., skos :narrower, skos:broader,
skos:related, etc.), both from direct assertions and by entailment.

GetExplicitTopConcepts
Returns the concepts that have explicitly been asserted as top concepts of a
specified concept scheme.

GetimplicitTopConcepts
Returns the concepts of one concept scheme that have no broader concepts within
the latter.

GetConceptHierarchy

This operation is suitable for small thesauri, and is useful for ontology browsers. It
returns the hierarchy of the concepts within a given concept scheme and/or
collection.

CheckRelation
Checks whether two specified concepts are related via a specified SKOS relationship.

2.6 SWS Client-Service Interaction

The interaction between an SWS client and a server relies on a series of SWS operation
calls and responses. The example below, illustrated in protocol diagram of Figure 2.7,
outlines the protocol to be followed in order to process semantic web service requests
involved in vocabulary browsing in the EUMIS.
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Figure 2.7. Protocol Diagram for a SWS Client-Service Interaction

This protocol diagram above involves 3 actors:
e The user of the EUMIS portal
e The discovery graphical interface
e The semantic web service

The typical component interactions illustrated in this figure are explained below.

e (1) The user loads the ontology browser.

e (2) While loading, the OB submits a GetConceptSchemes request to the SWS. The
objective is to get all information (definitions, labels, etc.) related to the ontology
browsing facets. Browsing facets are concept schemes.

e (3) The SWS returns the list of concept schemes together with their definitions and
labels which are used then by the browser to display the names (labels) and
definitions of the facets.

(4) The user selects the ontology browsing facet of interest.

e (5) The OB sends a GetConceptHierarchy request to the SWS with the aim of
retrieving a hierarchy of the concepts contained within the concept scheme (facet)
selected by the user.

e (6) The SWS returns the concept hierarchy for the concept scheme selected by the
user and the OB displays it.

e (7) The user selects a concept of interest from the concept hierarchy.

(8) In order to display the list of concepts related to the selected concept, the OB
sends a GetRelatedConcepts request to the SWS.

e (9) The SWS responds back and the OB displays the related concepts
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The interactions can continue from step 4 (user selects a different concept scheme, or
selects a related concept from a different concept schemes) or step 7 (use selects a related
concept from the current concept scheme).

More protocol diagrams related to semantic use cases are detailed in the NETMAR report
D6.2 [HLW11].
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3 Basic Service Requirements

This chapter specifies basic service requirements for the NETMAR semantic framework,
version 2.0.

3.1 Version Numbering

This section specifies the way the semantic web service versioning should be dealt with.
Please note that versioning here is relative to the SWS only and not to the vocabularies
within. A versioning mechanism for the SWS will be very useful, as the SWS specification will
evolve.

3.1.1 Version Number Format

The version number format for the semantic web service contains two positive integers,
separated by a decimal point, in the form “x.y”, e.g., “2.0".

3.1.2 Version Changes

The semantic resource server software version number shall be changed with each revision.
The number shall increase monotonically and shall comprise no more than two integers
separated by decimal points, with the first integer being the most significant. There may be
gaps in the numerical sequence. Some numbers may denote experimental or interim
versions. Service instances and their clients need not support all defined versions, but must
obey the negotiation rules below.

3.1.3 Appearance in Requests and in Service Metadata

For the SOAP services, the SOAP message URL SHALL carry the version information. For
the RESTTful interface, version information SHALL NOT be carried. The namespace of the
RESTful interface SHOULD be used to distinguish the base version of the software (i.e. the
first integer of the version number) from the previous versions of the NVS.

In SKOS, there is no provision for carrying server version information, therefore the payload
SHALL NOT carry server version information.

3.1.4 Version Number Negotiation

Version number negotiation SHALL occur as follows:

1. If the server implements the requested version number, the server must send that
version.

2. If the client request is for an unknown version greater than the lowest version that the
server understands, the server SHALL send the highest version less than the
requested version.

3. If the client request is for a version lower than any of those known to the server, then
the server SHALL send the lowest version it knows.

4. If the client does not understand the new version number sent by the server, it may
either cease communicating with the server or send a new request with a new version
number that the client does understand, but which is less than that sent by the server
(if the server had responded with a lower version).

5. If the server had responded with a higher version (because the request was for a
version lower than any known to the server), and the client does not understand the
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proposed higher version, then the client may send a new request with a version
number higher than that sent by the server.

3.2 General HTTP Request Rules

3.2.1 HTTP GET

The service SHALL respond to HTTP GET KVP requests. These MAY come from client
applications or web browsers.

3.2.2 HTTP POST

The service SHALL accept requests encoded either as XML requests compliant with the
XML schemas defined herein, or SOAP messages.

3.2.3 HTTPS

HTTPS is not required for the basic semantic resources; however any editing functionality for
the semantic resource SHALL be secured using HTTPS (see section 6.2 below).

3.3 Request Encoding
The service SHALL accept requests encoded either as XML requests or SOAP requests.

This document defines two methods of encoding HTTP requests. The first uses XML as the
encoding language, and is intended for use with the HTTP POST method. The second
encoding uses keyword-value pairs (KVP) to encode the various parameters of a request
and is intended for use with HTTP GET.

3.4 Response Encoding

This document mandates the use of XML as an encoding for the semantic web service
responses. In addition, semantic resources described within the responses SHALL be
encoded in RDF/XML and use the SKOS vocabulary where appropriate. The use of other
response formats (e.g., JSON) or ontology languages (e.g., TURTLE) is optional.

3.5 Namespaces

Standard namespaces SHALL be used where appropriate, i.e. SKOS and RDFS for the
delivery of semantic resources.

Below is the list of namespaces to be considered and which are used in this document.

xml : http://www.w3.org/XML/1998 /namespace

XS http://www.w3.0rg/2001/XMLSchema#

dct: http://purl.org/dc/terms/

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#

rdfs: http://www.w3.0rg/2000/01/rdf-schema#

owl : http://www.w3.0rg/2002/07/owl#

skos: http://www.w3.0rg/2004/02/skos/core#

sparqgl: spargl xmlns="http://www.w3.0rg/2005/spargl-results#
soap: http://www.w3.0rg/2003/05/soap-envelope

SwWS: http://cmrc.ucc.ie/sws/2.0
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3.6 Simple Object Access Protocol (SOAP)

A SOAP interface to the semantic resource SHALL be provided, as tests have shown that for
requests returning large payloads, the performance is significantly increased (see section 5.1
below). This SOAP interface SHALL conform to the W3C standard”.

The following XML fragment illustrates a skeleton SOAP message.

<?xml version="1.0"?>
<soap:Envelope
xmlns:soap=http://www.w3.0rg/2003/05/soap-envelope
soap:encodingStyle="http://www.w3.0rg/2003/05/so0ap-encoding" >
<soap:Header>
<l--L..-->
</soap:Header>
<soap:Body>
@l==cocoo >
<soap:Faults>
==, 0=
</soap:Fault>
</soap:Body>
</soap:Envelope>

When a client interacts with the SWS using SOAP, it SHALL embed the SWS XML request in
the <soap:Body> element in the request message.

The SWS SHALL then respond by generating a SOAP message where the response to the
client’s request is the content of the <soap : Body> element.

IF an exception is encountered while processing a SWS request encoded in a SOAP
envelope, THEN the SWS SHALL generate a SOAP response message where the content of
the <soap:Body> element is a <soap: Fault> element. Below is the skeleton XML of such
a response.

<soap:Body>
<soap:Faults>
<soap:faultcode>soap:Server</soap:faultode>
<soap:faultstring>A server exception was encountered.</soap:faultstrings>
<soap:faultactor><!--URL of SWS server--></soap:faultactors>
<soap:detail>
<sws:ExceptionReport>
==, 0=
</sws:ExpetionReport>
</soap:detail>
</soap:Fault>
</soap:Body>

3.7 Exception Reporting

Upon encountering an exception, the service SHALL generate an XML document stating that
an exception has occurred and providing an intelligible traceback report of the error for
debugging purposes.

The format of the XML error responses SHALL validate against the XML schema for SWS
exceptions available at http://netmar.ucc.ie/xsd/sws/2.0/exceptions.xsd.

* http://www.w3.0rg/TR/soap/
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An HTML documentation for the SWS exceptions XML schema is available at the following
URL: http://netmar.ucc.ie/xsd/2.0/doc/exceptions.html.

Exceptions are reported using the <ExceptionReports> element, which SHALL contain
one or more exceptions, expressed using the <Exception> element. Exception messages
SHALL be contained within the <ExceptionMessages> element, within an <Exceptions>
element.

Each type of exception SHALL have a unique code, specified using the code attribute of the
<Exceptions> element. The exception codes for this version of SWS (2.0) are defined in

table 3.1.

Table 3.1. SWS Exception Codes

Exception code

Description

InternalError

Internal error to the SWS

InvalidParameterValue

The parameter value is not valid

InvalidRequest

The request message is either invalid or is not well-formed

MissingParameter

A parameter is missing

NoApplicableCode

There is no applicable code to this exception

Notlmplemented

The (abstract) operation has not been implemented

NotSupported A service option or capability is not supported
NullResourceValue A requested resource has a null value

NullValue Null value exception: a required parameter or variable is null
ResourceNotFound The requested resource does not exist or could not be found
ResourceTypeMismatch The requested resource does not have the required type
UnknownError The error type is unknown

In addition to a code, an exception SHOULD have a locator that identifies the origin of the
exception (e.g. the invalid or missing parameter or value, etc.). The locator is specified using
the locator attribute of the <Exceptions element.

The XML fragment below illustrates an exception report generated by the SWS due to an
unknown concept scheme specified in a GetConceptScheme operation (c.f., subsection
5.3.3).

<sws:ExceptionReport xmlns:sws="http://cmrc.ucc.ie/sws/2.0"
xmlns:xml=http://www.w3.0rg/XML/1998/namespace xml:lang="en" version="1.0">
<sws:Exception exceptionCode="ResourceNotFound"
locator="http://netmar.ucc.ie/ont/20110901/geoscience.owl#BadCS">
<sws:ExceptionText>
Resource "http://geodi.ucc.ie/ont/20110901/geoscience.owl#BadCS":
concept scheme or resource.
</sws:ExceptionText>
</sws:Exception>
</sws:ExceptionReport>

No such
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4 Functional Requirements

This chapter specifies the operations to be supported by the NETMAR semantic web service,
version 2.0. Table 4.1 defines the SWS 2.0 operations and specifies their use: mandatory
(M) or optional (O). SWS operations are split into three functional interfaces: discovery
interface (M), semantic interface (M), and added value interface (O). The first provides the
operations required for requesting service metadata. The second supports the most common
semantic operations required by SWS clients. The last provides optional added-value
features that will facilitate the implementation of the EUMIS service-chaining engine.

Table 4.1. SWS Operations

Discovery Interface
1 GetCapabilities Retrieves service metadata, including supported M
operations, response formats, available concept
schemes, and their supported languages.
Semantic Interface
2 | GetConceptSchemes Lists available concept schemes with their
annotations (labels, definitions, etc.).
GetConceptScheme Returns a concept scheme definition given its URI.
4 | SearchConceptScheme Returns the definition(s) of one or more concept
scheme(s) matching a specified free-text keyword.
5 GetConceptSchemeContent Returns the content of a specified concept scheme
identified by its URI, including its collections and
concepts.
6 | GetCollections Lists available concept collections with their (0]
annotations. Collections may be filtered by one or
more concept schemes.
7 | GetCollection Returns a collection definition identified by its URI.
8 | SearchCollection Returns the definition(s) of one or more collection(s)
matching a specified free-text keyword.
9 | GetCollectionContent Returns the content of a given collection identified
by its URI, including member collections and
concepts.
10 | GetConcepts Returns the definitions of the concepts belonging to
a specified concept scheme and/or collection.
11 | GetConcept Returns a concept definition given its URI. The
response includes the concept’s annotations.
12 | SearchConcept A smart search operation that returns the concepts
matching a given keyword.
13 | GetRelatedConcepts Returns the concepts related to one or many given
concept(s) using one or many given SKOS
relationship(s) both from direct assertions and by
entailment.
14 | GetExplicitTopConcepts Returns the concepts that have explicitly been (0]
asserted as top concepts of a specified concept
scheme.
15 | GetlmplicitTopConcepts Returns the concepts of one concept scheme that M
have no broader concepts within the latter.
17 | GetConceptHierarchy Returns the hierarchy of the concepts within a given | O

concept scheme and/or collection.

18 | CheckRelation Checks whether two specified concepts are related | O
via a specified SKOS relationship.

w

o £ £

O|0

o

< £ £ L

This chapter specifies the operations listed in Table 4.1, and defines their request and
response formats. Request formats are provided in both KVP and XML. Fragments of XML
schemas are used to describe the XML structures of the SWS requests. The full XML
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schema for the SWS requests is available at http://netmar.ucc.ie/xsd/sws/2.0/requests.xsd.
An HTML documentation for this XML schema is available at the following URL:
http://netmar.ucc.ie/xsd/2.0/doc/requests.html.

4.1 Common SWS Request Parameters

All SWS operation requests, except for GetCapabilities, SHALL include the following four
parameters.

e Service type, this should be “SWS” for the semantic web service;

e Semantic web service version;

¢ Request name (e.g., GetConceptSchemes, GetConcept, etc.);

e Response format (e.g., XML, JSON, etc.)

In addition to these four common parameters, the semantic interface operations (2 to 17)
share the following two parameters.

e The response language parameter, which specifies the language to be used for the
lexical labels and documentation properties in the server response. If the language
parameter is omitted, the server shall retrieve lexical labels and documentation in all
available languages.

e The element set parameter, which specifies the amount of information (detail level) to
be returned by the SWS. The element set parameter has the following five possible
values, called element set names.

o ‘“abstract”: only the resource URI SHALL be returned.

o ‘“brief”: abstract information and preferred label SHALL be returned.

o ‘“summary”: brief information, associated concept schemes (if applicable), and
definitions SHALL be returned.

o “full”: summary information and alternate and hidden labels SHALL be
returned.

o ‘“extended”: full information and any other information (e.g., mappings) SHALL
be returned.

The response detail levels for the element set names above are defined using the RDF
graph templates specified in Table 4.2.

Table 4.2. RDF Graph Template for each Element Set Name

abstract ?resource rdf:type ?type .

brief ?resource rdf:type ?type ;
skos:prefLabel ?pl

summary ?resource rdf:type ?type ; skos:inScheme
skos:prefLabel ?pl ; only applicable to
skos:definition ?def ; concepts and
skos:inScheme ?cs . collections

full ?resource rdf:type ?type ; skos:inScheme
skos:prefLabel ?pl ; only applicable to
skos:definition ?def ; concepts and
skos:inScheme ?cs ; collections
skos:altLabel ?al ;
skos:hiddenLabel ?hl

extended ?resource ?predicate ?object

4.1.1 KVP Encoding of the Common Parameters

In KVP encoding, the above common request parameters are encoded as specified in Table
4.3. Note that the parameter names in all KVP encodings SHALL be handled in a case
insensitive manner.
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Table 4.3. Common SWS Request Parameters

service Type of service requested service=SWS
Possible values: “SWS”

version * Service version accepted by the client version=2.0
Possible values: “2.0”, “1.0”

request 1 Operation requested by the client request=GetConcept
Possible values: see Table 4.1

acceptFormat 0..1 Response format expected by the client AcceptFormat=text/xml
Possible values: “text/xml”, “application/json”

language 0..1 Response language language=en
Type: 1SO 639-1 two-letter language code

elementSet 0..1 Level of resource details returned by the SWS elementSet=full

Possible values and meanings:

e “abstract”; only URI SHALL be returned

o “brief”: abstract information and preferred
label SHALL be returned

e “summary”: brief information, associated
concept schemes (if applicable), and
definitions SHALL be returned

o “full”: summary information and alternate
labels SHALL be returned

o “extended”: full information and hidden
labels SHALL be returned

4.1.2 XML Encoding of the Common Parameters

In XML encoding, all SWS operation request elements, except for GetCapabilities and
CheckRelation, extend the abstract sws : SWSRequestType which is defined by the following
XML schema fragment. For the full definition of the sws : SWSRequestType type and all the
SWS XML requests, see the XML schema at http://netmar.ucc.ie/xsd/sws/2.0/requests.xsd.
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<!--SWSRequestType is an abstract base type for all SWS requests-->
<xs:complexType name="SWSRequestType" abstract="true">
<Xs:sequence>
<!--Server versions accepted-->
<!--When omitted, server shall return latest supported version.-->
<xs:element name="AcceptVersions" type="sws:SWSVersionListType" minOccurs="0"/>

<!--Response format accepted-->

<!--When omitted, server shall return service metadata document using-->
<!--the MIME type "text/xml". If the specified format is not supported, -->
<!--the server shall raise a NotSupported exception.-->

<xs:element name="AcceptFormat" type="sws:ResponseFormatType" minOccurs="0"/>

<!--Element set name, optional. Default is "full"-->
<xs:element name="ElementSet" type="sws:ElementSetNameType"/>
</Xs:sequence>

<!--Service type, default is SWS (Semantic Web Service)-->
<xs:attribute name="service" type="sws:ServiceType" use="required"/>

<!--Language used for lexical labels and documentation, optional.-->
<!--If omitted, server shall retrieve lexical labels and documentation-->
<!--in all available languages.-->

<!--If specified language is not supported, server shall return empty-->
<l--lexical labels and documentation.-->

<xs:attribute ref="xml:lang" use="optional"/>
</Xs:complexType>

The sws:AcceptVersionsType, sws:AcceptFormatsType, and sws:ServiceType,
and sws:ElementSetNameType types are defined in the SWS requests XML schemas.

4.2 GetCapabilities Operation

The semantic web service SHALL have the ability to describe its capabilities by returning
service metadata in response to a GetCapabilities request. The GetCapabilities operation is
more completely specified in Table 4.3. Its parameters are specified in Table 4.4.

Table 4.4. Definition of the GetCapabilities Operation

Definition Allows clients to retrieve service metadata

Receives Optional capabilities document section hames

Returns Service capabilities document including the sections specified in the request
Exceptions InvalidParameterValue, InternalError

4.2.1 KVP Encoding

The GetCapabilities request uses the section parameter that specifies the capabilities
document sections requested by the client (c.f., Table 4.5).

Table 4.5. GetCapabilities Request Parameters

Cardmallty

section Capabilities document section requested  section=ServiceProvider
Possible values: &section=0perationsMetadat
¢ “Serverldentification” a

e “ServiceProvider”
e “OperationsMetadata”
e “SupportedConceptSchemelList”

© 2011 NETMAR Consortium EC FP7 Project No. 249024



NETMAR Deliverable D4.3.2: NETMAR Semantic Framework Specification — Final version 25

4.2.2 XML Encoding

The <sws:GetCapabilities> element is used to request a capabilities document from a
semantic web service; it is defined by the following XML Schema fragment.

<!--GetCapabilities request-->
<xs:element name="GetCapabilities" type="sws:GetCapabilitiesType"/>

<!--GetCapabilitiesType-->
<xs:complexType name="GetCapabilitiesType">
<XS:sequence>

<!--Capabilities sections-->
<!--When omitted or not supported by server, server shall return-->
<!--complete service metadata (Capabilities) document.-->

<xs:element name="Sections" type="sws:CapabilitiesSectionListType"
minOccurs="0"/>
</Xs:sequence>
<!--Service type, default is SWS (Semantic Web Service)-->
<xs:attribute name="service" type="sws:ServiceType" use="required"/>
</xs:complexType>

The optional Sections element of type sws:CapabilitiesSectionListType specifies
the capabilities sections requested by the client (c.f., next subsection).

4.2.3 Response

The root element of the response to a GetCapabilities request is the
<sws:GetCapabilitiesResponse> element, which is partially defined in the following
XML Schema fragment.

<!--GetCapabilitiesResponse-->
<xs:element name="GetCapabilitiesResponse" type="sws:GetCapabilitiesResponseType"/>

<!--GetCapabilitiesResponseType-->
<xs:complexType name="GetCapabilitiesResponseType">
<xS:sequence>

<!--Server identification information section.-->
<!--Contains service type and service type version.-->
<xs:element ref="sws:Serviceldentification" minOccurs="0"/>

<!--Service provider section-->
<!--Conatins provider name, provider site, and contact information-->
<xs:element ref="sws:ServiceProvider" minOccurs="0"/>

<!--Supported operations section-->
<!--Contains information about the operations supported by the SWS.-->
<xs:element ref="sws:OperationsMetadata" minOccurs="0"/>

<!--Concept schemes section-->

<!--List of concept schemes delivered by the SWS-->

<xs:element name="SupportedConceptSchemes" type="sws:ConceptSchemeListType"
minOccurs="0"/>

<!--Service version ,required-->
<xs:attribute name="version" type="sws:SWSVersionType" use="required"/>
</xs:sequence>
</xs:complexType>
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The capabilities response document contains the following sections:

1. Server Identification Section — Provides information about the SWS itself;

2. Service Provider Section — Provides metadata about the organisation operating the
semantic web service;

3. Operations Metadata Section — Provides the list of SWS operations implemented by
the SWS instance;

4. Supported Concept Schemes Section — Provides the list of concept schemes
delivered by the SWS, including their SKOS lexical labels and annotations.

4.3 GetConceptSchemes Operation

The mandatory GetConceptSchemes operation is used to retrieve information about the
available concept schemes. This operation is more completely specified in Table 4.6.

Table 4.6. Definition of the GetConceptSchemes Operation

Definition Allows clients to describe the available concept schemes delivered by the SWS

Receives Optionally, the element set name, which specifies the level of detail of the
resource descriptions in the response, and the response language

Returns List of available concept schemes with their annotation properties, encoded in
RDF/XML.

Exceptions InvalidParameterValue, InternalError

4.3.1 KVP Encoding

The GetConceptSchemes operation does not require more parameters than the ones
defined in Table 4.3. An example of a GetConceptSchemes request encoded in KVP is
shown blow.

http://netmar.ucc.ie/srv/SWS?
service=SWS

&version=2.0
&request=GetConceptSchemes
&elementSet=full

Encoded URL:
http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=GetConceptSchemes&elementS
et=full

4.3.2 XML Encoding

The following XML Schema fragment defines the XML encoding of the GetConceptSchemes
operation.

<! --GetConceptSchemes-->
<xs:element name="GetConceptSchemes" type="sws:GetConceptSchemesType"/>

<! --GetConceptSchemesType-->
<xs:complexType name="GetConceptSchemesType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType"/>
</xs:complexContent>
</xs:complexType>
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4.3.3 Response

The GetConceptSchemes response consists is an RDF document containing the list of
concepts schemes delivered by the SWS.

The XML below shows a fragment of the GetConceptSchemes response associated with the
request example above. For sake of readability, namespace declarations and concept
schemes URI namaespaces have been omitted.

<rdf :RDF>
<skos:ConceptScheme rdf:about="Themes">
<skos:prefLabel xml:lang="en">Themes</skos:prefLabel>
<skos:definition xml:lang="en">
A concept scheme for defining theme keywords
</skos:definition>
</skos:ConceptScheme>
<skos:ConceptScheme rdf:about="Parameters"s>
<skos:preflLabel xml:lang="en">Parameters</skos:preflLabels>
<skos:definition xml:lang="en">
A concept scheme for defining parameter keywords
</skos:definition>
</skos:ConceptScheme>
<!--Other concept schemes-->
</rdf :RDF>

4.4 GetConceptScheme Operation

The GetConceptScheme operation, which is fully defined in Table 4.7, allows a client to
retrieve information about a specified concept scheme identified by its URI.

Table 4.7. Definition of the GetConceptScheme Operation

Definition Allows clients to describe a concept scheme specified by its URI

Receives The URI of a concept scheme of interest, and optionally, the element set name,
which specifies the level of detail of the resource descriptions in the response, and
the response language

Returns Definition of the concept scheme specified in the request, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError

4.4.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetConceptScheme request uses the conceptScheme parameter that specifies the URI of
the concept scheme requested by the client (c.f., Table 4.8).

Table 4.8. GetConceptScheme Request Parameters

Cardinality

conceptScheme 1 URI of the concept conceptScheme=http://geodi.ucc.ie/ont
scheme requested /20110429/geoscience.owl#Themes
Type: URI

An example of a GetConceptScheme request is provided below.

http://netmar.ucc.ie/srv/SWS?
service=SWS

&version=2.0
&request=GetConceptScheme
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&elementSet=full
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Themes

Encoded URL:

http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=GetConceptScheme&elementSe

t=full&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.ow!%?2
3Themes

4.4.2 XML Encoding

The <sws:GetConceptScheme> element is used to call the GetConceptScheme operation
of an SWS. It is defined by the following XML Schema fragment.

<!--GetConceptScheme request-->
<xs:element name="GetConceptScheme" type="sws:GetConceptSchemeType"/>

<! --GetConceptSchemeType-->
<xs:complexType name="GetConceptSchemeType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--URI of the requested concept scheme, mandatory-->
<xs:element name="ConceptScheme" type="xs:anyURI"/>
</Xs:sequence>
</xs:extension>
</xs:complexContent>
</Xs:complexType>

4.4.3 Response

The GetConceptScheme response is an RDF document describing the requested concept

scheme. The XML below shows a fragment of the GetConceptScheme response associated
with the request example above.

<rdf :RDF>
<skos:ConceptScheme rdf:about="Themes">

<skos:prefLabel xml:lang="en">Themes</skos:prefLabels>
<skos:definition xml:lang="en">

A concept scheme for defining theme keywords
</skos:definition>
</skos:ConceptScheme>
</rdf :RDF>

4.5 SearchConceptScheme Operation

The optional SearchConceptScheme operation, which is fully defined in Table 4.9, allows a

client to retrieve information about one or more concept scheme(s) matching a free-text
keyword.

Table 4.9. Definition of the SearchConceptScheme Operation

Definition Allows clients to search one or more concept schemes by keyword.

Receives A free-text keyword, and optionally, the keyword’s language, the element set
name, which specifies the level of detail of the resource descriptions in the
response, and the response language

Returns Definition of the concept schemes matching the specified keyword in the specified

language, encoded in RDF/XML. If the keyword language is not specified in the
request, then all languages are considered.
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| Exceptions | InvalidParameterValue, MissingParameter, InternalError

45.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
SearchConceptScheme request uses the keyword parameter and its language
(keywordLanguage), c.f., Table 4.8.

Table 4.10. SearchConceptScheme Request Parameters

Cardmallty

keyword Search keyword keyword=Theme
Type: free text

keywordLangua 0..1 Keyword language keywordLanguage=en

ge Type: ISO 639-1 two-

letter language code
An example of a SearchConceptScheme request is provided below.

http://netmar.ucc.ie/srv/SWS?
service=SWS

&version=2.0
&request=SearchConceptScheme
&elementSet=full
&keyword=Theme
&keywordLanguage=en

Encoded URL:
http://netmar.ucc.ie/srv/SWS?service=SWS&version=2.0&request=SearchConceptScheme&elemen
tSet=full&keyword=Theme&keywordLanguage=en

4.5.2 XML Encoding

The <sws:SearchConceptSchemes> element is used to call the SearchConceptScheme
operation of an SWS. It is defined by the following XML Schema fragment.

<!--SearchConceptScheme request-->
<xs:element name="SearchConceptScheme" type="sws:SearchConceptSchemeType"/>

<!--SearchConceptSchemeType-->
<xs:complexType name="SearchConceptSchemeType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--Free-text keyword, mandatory-->
<xs:element name="Keyword" type="sws:KeywordType"/>
</Xs:sequence>
</xs:extension>
</xXs:complexContent>
</xs:complexType>

The sws:KeywordType is a data type that contains a free-text keyword and a language
attribute (xml:lang).
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4.5.3 Response

The SearchConceptScheme response consists of an RDF document describing the concept
scheme(s) matching the keyword specified in the request. The XML below shows a fragment
of the SearchConceptScheme response associated with the request example above.

<rdf :RDF>
<skos:ConceptScheme rdf:about="Themes">
<skos:prefLabel xml:lang="en">Themes</skos:preflLabels>
<skos:definition xml:lang="en">
A concept scheme for defining theme keywords
</skos:definition>
</skos:ConceptScheme>
</rdf :RDF>

4.6 GetConceptSchemeContent Operation

The optional GetConceptSchemeContent operation, which is fully defined in Table 4.11,
allows a client to retrieve the content of a specified concept scheme identified by its URI,
including its collections and concepts.

Table 4.11. Definition of the GetConcetpSchemeContent Operation

Definition Allows clients to retrieve the content (collections and concepts) of a specified
concept scheme.
Receives The URI of the concept scheme of interest and, optionally, the element set name,

which specifies the level of detail of the resource descriptions in the response, and
the response language

Returns List of collections and concepts belonging to the specified concept scheme, with
their annotation properties in the specified language, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,

ResourceNotFound, ResourceTypeMismatch, InternalError

4.6.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetConceptSchemeContent request uses the conceptScheme parameter that specifies the
URI of the concept scheme requested by the client (c.f., Table 4.12).

Table 4.12. GetConceptSchemeContent Request Parameters

Cardinalit

conceptScheme 1 URI of the concept conceptScheme=http://geodi.ucc.ie/ont
scheme requested /20110429/geoscience.owl#Themes
Type: URI

An example of a GetConceptSchemeContent request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=GetConceptSchemeContent

&elementSet=brief
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Instruments

Encoded URL:
http://netmar.ucc.ie/srv/SWS?service=SWS&version=2.0&request=GetConceptSchemeContent&ele

mentSet=brief&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscien
ce.owl%23Instruments
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4.6.2 XML Encoding

The  <sws:GetConceptSchemeContent> element is used to call the
GetConceptSchemeContent operation of an SWS. It is defined by the following XML Schema
fragment.

<! --GetConceptSchemeContent request-->
<xs:element name="GetConceptSchemeContent" type="sws:GetConceptSchemeContentType"/>

<!--GetConceptSchemeContentType-->
<xs:complexType name="GetConceptSchemeContentType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<XS:sequence>
<!--URI of the requested concept scheme, mandatory-->
<xs:element name="ConceptScheme" type="xs:anyURI"/>
</Xs:sequence>
</xs:extension>
</xs:complexContent>
</Xs:complexType>

4.6.3 Response

The GetConceptSchemeContent response is an RDF document listing and describing the
concepts and collections belonging to the requested concept scheme. The XML below shows
a fragment of the GetConceptSchemeContent response associated with the request example
above.

<rdf :RDF>
<skos:Collection rdf:about="RemoteSensingInstruments"s>
<skos:preflLabel xml:lang="en">Remote Sensing Instruments</skos:preflLabel>
</skos: Collections>
<skos:Collection rdf:about="InSitulLaboratoryInstruments">
<skos:prefLabel xml:lang="en">In Situ/Laboratory
Instruments</skos:preflabel>
</skos:Collection>
<!--More collections-->
<skos:Concept rdf:about="SidescanSonar">
<skos:preflLabel xml:lang="en">Sidescan Sonar</skos:preflLabel>
</skos:Concept>
<!--More concepts-->
</rdf :RDF>

4.7 GetCollections Operation

The optional GetCollections operation, which is fully defined in Table 4.13, allows a client to
retrieve the list of collections available, with the possibility of filtering by concept schemes.

Table 4.13. Definition of the GetConcetpSchemeContent Operation

Definition Allows a client to retrieve the list of available collections, possibly within one or
more specified concept schemes.
Receives Optionally, the URIs of the concept schemes of interest and, the element set

name, which specifies the level of detail of the resource descriptions in the
response, and the response language

Returns List of collections belonging to the specified concept schemes, with their
annotation properties in the specified language, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,

ResourceNotFound, ResourceTypeMismatch, InternalError
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4.7.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetConceptSchemeContent request uses the conceptScheme parameter that specifies the
URI of the concept scheme of interest (c.f., Table 4.14).

Table 4.14. GetCollections Request Parameters

Cardinalit

conceptScheme  * URI of the concept conceptScheme=http://geodi.ucc.ie/ont
scheme requested /20110429/geoscience.owl#Instrument
Type: URI S

An example of a GetCollections request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=GetCollections

&elementSet=brief
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Instruments

Encoded URL:

http://netmar.ucc.ie/srv/SWS?service=SW S&version=2.0&request=GetCollections&elementSet=brie
f&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.ow!%23Ins
truments

4.7.2 XML Encoding

The <sws:GetCollections> element is used to call the GetCollections operation of an
SWS. It is defined by the following XML Schema fragment.

<!--GetCollections request-->
<xs:element name="GetCollections" type="sws:GetCollectionsType"/>

<!--GetCollectionsType-->
<xs:complexType name="GetCollectionsType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--URI of the requested concept scheme-->
<xs:element name="ConceptScheme" type="xs:anyURI" minOccurs="0"
maxOccurs="unbounded" />
</Xs:sequence>
</xs:extensions>
</xs:complexContent>
</Xs:complexType>

4.7.3 Response

The GetCollections response is an RDF document describing the available collections
belonging to the specified concept scheme. The XML below shows a fragment of the
GetCollections response associated with the request example above.
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<rdf :RDF>
<skos:Collection rdf:about="RemoteSensingInstruments">

<skos:prefLabel xml:lang="en">Remote Sensing Instruments</skos:preflLabel>
</skos: Collections>
<skos:Collection rdf:about="InSitulLaboratoryInstruments">
<skos:preflLabel xml:lang="en">In Situ/Laboratory
Instruments</skos:prefLabel>
</skos:Collection>
<!--More collections-->
</rdf :RDF>

4.8 GetCollection Operation

The GetCollection operation, which is fully defined in Table 4.15, allows a client to retrieve
information about a specified concept collection identified by its URI.

Table 4.15. Definition of the GetCollection Operation

Definition Allows clients to describe a collection specified by its URI

Receives The URI of a concept collection of interest, and optionally, the element set name,
which specifies the level of detail of the resource descriptions in the response, and
the response language

Returns Definition of the concept collection specified in the request, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError

4.8.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetCollection request uses the collection parameter that specifies the URI of the concept
collection requested by the client (c.f., Table 4.16).

Table 4.16. GetCollection Request Parameters

Cardmallty

collection URI of the concept collection=http://geodi.ucc.ie/ont/20110
collection requested 429/geoscience.owl#RemoteSensingin
Type: URI struments

An example of a GetCollection request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=GetCollection

&elementSet=full
&collection=http://geodi.ucc.ie/ont/20110429/geoscience.owl#RemoteSensingInstruments

Encoded URL:

http://netmar.ucc.ie/srv/SWS?service=SW S&version=2.0&request=GetCollection&elementSet=full&
conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl%23Rem
oteSensinglnstruments
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4.8.2 XML Encoding

The <sws:GetCollections> element is used to call the GetCollection operation of an
SWS. It is defined by the following XML Schema fragment.

<!--GetCollection request-->
<xs:element name="GetCollection" type="sws:GetCollectionType"/>

<!--GetCollectionType-->
<xs:complexType name="GetCollectionType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<XS:sequence>
<!--URI of the requested concept scheme, mandatory-->
<xs:element name="Collection" type="xs:anyURI"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</Xs:complexType>

4.8.3 Response

The GetCollection response is an RDF document describing the requested collection. The

XML below shows a fragment of the GetCollection response associated with the request
example above.

<rdf :RDF>
<skos:Collection rdf:about="RemoteSensingInstruments">

<skos:prefLabel xml:lang="en">Remote Sensing Instruments</skos:prefLabel>
<skos:definition xml:lang="en">

Instruments that are deployed on or from a platform and that allow the
collection of data about the earth's land or water areas
</skos:definition>
</skos:Collection>
</rdf :RDF>

4.9 SearchCollection Operation

The optional SearchCollection operation, which is fully defined in Table 4.17, allows a client
to retrieve information about one or more collection(s) matching a free-text keyword.

Table 4.17. Definition of the SearchCollection Operation

Definition Allows a client to search one or more concept collections by keyword.
Receives A free-text keyword, and optionally, the keyword’s language, the URIs of the
concept schemes of interest, the element set name, which specifies the level of
detail of the resource descriptions in the response, and the response language.
Returns Definition of the collections matching the specified keyword in the specified
language, encoded in RDF/XML. If the keyword language is not specified in the
request, then all languages are considered.

Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError.
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4.9.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
SearchCollection request uses the keyword parameter, its language (keywordLanguage),
and the conceptScheme parametr which specifies the URI of a concept scheme of interest,
c.f.,, Table 4.18.

Table 4.18. SearchCollection Request Parameters

Cardmallt

keyword Search keyword keyword=remote sensing
Type: free text
keywordLangua 0..1 Keyword language keywordLanguage=en
ge Type: ISO 639-1 two-
letter language code
conceptScheme  * URI of a concept conceptScheme=
scheme of interest http://geodi.ucc.ie/ont/20110429/geosc
Type: URI ience.owl#Instruments

An example of a SearchCollection request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=SearchCollection

&elementSet=full

&keyword=remote sensing

&keywordLanguage=en
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Instruments

Encoded URL:
http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=SearchCollection&elementSet=f
ull&keyword=remote%20sensing&keywordlL anguage=en&conceptScheme=http%3A%2F%2Fgeod.i.
ucc.ie%2Font%2F20110429%2Fgeoscience.owl%?23Instruments

4.9.2 XML Encoding

The <sws:SearchCollection> element is used to call the SearchCollection operation of
an SWS. It is defined by the following XML Schema fragment.

<!--SearchCollection request-->
<xs:element name="SearchCollection" type="sws:SearchCollectionType"/>

<!--SearchCollectionType-->
<xs:complexType name="SearchCollectionType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--Free-text keyword, mandatory-->
<xs:element name="Keyword" type="sws:KeywordType"/>

<!--URI of the requested concept schemes-->
<xs:element name="ConceptScheme" type="xs:anyURI" minOccurs="0"
maxOccurs="unbounded" />
</Xs:sequence>
</xs:extension>
</Xs:complexContent>
</Xs:complexType>
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The sws:KeywordType is a data type that contains a free-text keyword and a language
attribute (xml:lang).

4.9.3 Response

The SearchCollection response is an RDF document describing the collection(s) matching
the keyword specified in the request and belonging to the concept schemes of interest. The
XML below shows a fragment of the SearchCollection response associated with the request
example above.

<rdf :RDF>
<skos:Collection rdf:about="RemoteSensingInstruments">
<skos:prefLabel xml:lang="en">Remote Sensing Instruments</skos:preflLabel>
<skos:definition xml:lang="en">
Instruments that are deployed on or from a platform and that allow the
collection of data about the earth's land or water areas
</skos:definition>
</skos:Collection>
</rdf :RDF>

4.10 GetCollectionContent Operation

The optional GetCollectionContent operation, which is fully defined in Table 4.19, allows a
client to retrieve the content of a specified collection identified by its URI, including its
member collections and concepts. The content may be filtered by concept schemes.

Table 4.19. Definition of the GetCollectionContent Operation

Definition Allows a client to retrieve the content (member collections and concepts) of a
specified collection.
Receives The URI of the collection of interest and, optionally, the URIs of the concept

schemes of interest, the element set name, which specifies the level of detail of
the resource descriptions in the response, and the response language

Returns List of collections and concepts belonging to the specified collection and concept
schemes, with their annotation properties in the specified language, encoded in
RDF/XML.

Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,

ResourceNotFound, ResourceTypeMismatch, InternalError

4.10.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetCollectionContent request uses the collection parameter that specifies the URI of the
requested collection, and the conceptScheme parameter that specifies the URI of a concept
scheme to which the returned resources must belong (c.f., Table 4.20).

Table 4.20. GetCollectionContent Request Parameters

Cardmallty

collection URI of the collection collection=http://geodi.ucc.ie/ont/201104
requested 29/geoscience.owl#RemoteSensinglnstr
Type: URI uments

conceptScheme  * URI of the concept conceptScheme=http://geodi.ucc.ie/ont/
scheme requested 20110429/geoscience.owl#Instruments
Type: URI

An example of a GetCollectionContent request is provided below.
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http://netmar.ucc.ie/srv/ISWS?

service=SWS

&version=2.0

&request=GetCollectionContent

&elementSet=brief
&collection=http://geodi.ucc.ie/ont/20110429/geoscience.owl#RemoteSensinglnstruments
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Instruments

Encoded URL:
http://netmar.ucc.ie/srv/SWS?service=SWS&version=2.0&request=GetCollectionContent&elementS
et=brief&collection=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl%23Re
moteSensinglnstruments&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2
Fgeoscience.owl%23Instruments

4.10.2 XML Encoding

The <sws:GetCollectionContents> element is used to call the GetCollectionContent
operation of an SWS. It is defined by the following XML Schema fragment.

<!--GetCollectionContent request-->
<xs:element name="GetCollectionContent" type="sws:GetCollectionContentType"/>

<!--GetCollectionContentType-->
<xs:complexType name="GetCollectionContentType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--URI of the requested collection, mandatory-->
<xs:element name="Collection" type="xs:anyURI"/>

<!--URIs of the requested concept schemes-->
<xs:element name="ConceptScheme" type="xs:anyURI" minOccurs="0"
maxOccurs="unbounded" />
</Xs:sequence>
</xs:extension>
</Xs:complexContent>
</Xs:complexType>

4.10.3 Response

The GetCollectionContent response is an RDF document listing and describing the concepts
and collections belonging to the requested concept scheme. The XML below shows a
fragment of the GetCollectionContent response associated with the request example above.

<rdf :RDF>
<skos:Collection rdf:about="ActiveRemoteSensingInstruments">
<skos:preflabel xml:lang="en">
Active Remote Sensing Instruments
</skos:preflabel >
</skos: Collections>
<skos:Collection rdf:about="PassiveRemoteSensingInstruments">
<skos:preflabel xml:lang="en">
Passive Remote Sensing Instruments
</skos:prefLabel >
</skos:Collection>
<!--More collections-->
</rdf :RDF>
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4.11 GetConcepts Operation

The mandatory GetConcepts operation, which is fully defined in Table 4.21, retrieves all the
concepts of one concept scheme with possible filtering by collections.

Table 4.21. Definition of the GetCollectionContent Operation

Definition Allows a client to retrieve the concepts of a specified concept scheme with
possible filtering by collections.
Receives The URI of the concept scheme of interest, and optionally, the URIs of the

collections of interest, the element set name, which specifies the level of detail of
the resource descriptions in the response, and the response language.

Returns List of concepts belonging to the specified concept scheme and collections, with
their annotation properties in the specified language, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,

ResourceNotFound, ResourceTypeMismatch, InternalError

4.11.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetConcepts request uses the conceptScheme parameter that specifies the URI of the
concept scheme of interest, the collection parameter that specifies the URI of the collections
to which the returned concepts must belong (c.f., Table 4.20).

Table 4.22. GetConcepts Request Parameters

Cardinalit

conceptScheme 1 URI of the concept conceptScheme=http://geodi.ucc.ie/ont/
scheme requested 20110429/geoscience.owl#instruments
Type: URI

collection * URI of a collection collection=http://geodi.ucc.ie/ont/201104
requested 29/geoscience.owl#RemoteSensinglnstr
Type: URI uments

An example of a GetConcepts request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=GetConcepts

&elementSet=brief
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Instruments
&collection=http://geodi.ucc.ie/ont/20110429/geoscience.owl#ActiveRemoteSensinglnstruments

Encoded URL:
http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=GetConcepts&elementSet=brief
&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl%23Inst
rumentsé&collection=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl|%23Ac
tiveRemoteSensinglnstruments

4.11.2 XML Encoding

The <sws:GetConcepts> element is used to call the GetConcepts operation of an SWS. It
is defined by the following XML Schema fragment.
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<!--GetConcepts request-->
<xs:element name="GetConcepts" type="sws:GetConceptsType"/>

<!--GetConceptsType-->
<xs:complexType name="GetConceptsType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<xXS:sequence>
<!--URI of the requested concept scheme, mandatory-->
<xs:element name="ConceptScheme" type="xs:anyURI"/>

<!--URIs of the collections of interest-->
<xs:element name="Collection" type="xs:anyURI" minOccurs="0"
maxOccurs="unbounded" />
</Xs:sequence>
</xs:extensions>
</xs:complexContent>
</xs:complexType>

4.11.3 Response

The GetConcepts response is an RDF document listing and describing the concepts
belonging to the requested concept scheme and collections (if specified). The XML below
shows a fragment of the GetConcepts response associated with the request example above.

<rdf :RDF>
<skos:Concept rdf:about="SidescanSonar">

<skos:prefLabel xml:lang="en">Sidescan Sonar</skos:prefLabel>
</skos:Concept>

<skos:Concept rdf:about="LiDAR">

<skos:preflLabel xml:lang="en">LiDAR</skos:preflabel>
</skos:Concept>
<!--More concepts-->
</rdf :RDF>

4.12 GetConcept Operation

The GetConcept operation, which is fully defined in Table 4.23, allows a client to retrieve
information about a specified concept collection identified by its URI.

Table 4.23. Definition of the GetConcept Operation

Definition Allows clients to describe a Concept specified by its URI

Receives The URI of a concept of interest, and optionally, the element set name, which
specifies the level of detail of the resource descriptions in the response, and the
response language

Returns Definition of the concept specified in the request, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError

4.12.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the

GetConcept request uses the concept parameter that specifies the URI of the concept
requested by the client (c.f., Table 4.24).
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Table 4.24. GetConcept Request Parameters

Cardmallty

concept URI of the concept concept=http://geodi.ucc.ie/ont/201104
requested 29/geoscience.owl#Geology
Type: URI

An example of a GetConcept request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=GetCollection

&elementSet=full
&concept=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Geology

Encoded URL:
http://netmar.ucc.ie/srv/SWS?service=SWS&version=2.0&request=GetConcept&elementSet=full&c
onceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl%23Geolo

ay

4.12.2 XML Encoding

The <sws:GetConcept> element is used to call the GetConcept operation of an SWS. It is
defined by the following XML Schema fragment.

<!--GetConcept request-->
<xs:element name="GetConcept" type="sws:GetConceptType"/>

<!--GetConceptType-->
<xs:complexType name="GetConceptType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<xXS:sequence>
<!--URI of the requested concept, mandatory-->
<xs:element name="Concept" type="xs:anyURI"/>
</Xs:sequence>
</xs:extension>
</Xs:complexContent>
</xs:complexType>

4.12.3 Response

The GetConcept response is an RDF document describing the requested collection. The
XML below shows a fragment of the GetConcept response associated with the request
example above.

<rdf :RDF>
<skos:Concept rdf:about="Geology">
<skos:prefLabel xml:lang="en">Geology</skos:preflLabel>
<skos:inScheme rdf:about="Themes"/>
<skos:inScheme rdf:about="Disciplines"/>
<skos:inScheme rdf:about="INSPIREThemes Annex2"/>
<skos:definition xml:lang="en">
Geology characterised according to composition and structure.
Includes bedrock, aquifers and geomorphology.
</skos:definition>
</skos:Concept>
</rdf :RDF>
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4.13 SearchConcept Operation

The SearchConcept operation, which is fully defined in Table 4.25, allows a client to retrieve
information about one or more collection(s) matching a free-text keyword.

Table 4.25. Definition of the SearchConcept Operation

Definition Allows a client to search one or more concept collections by keyword.

Receives A free-text keyword, and optionally, the keyword'’s language, the URI of a concept
scheme of interest, the URIs of the collections of interest, the element set name,
which specifies the level of detail of the resource descriptions in the response, and
the response language.

Returns Definition of the concepts matching the specified keyword in the specified
language, and belonging to the specified concept scheme and/or collections,
encoded in RDF/XML. If the keyword language is not specified in the request, then
all languages are considered.

Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError.

4.13.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
SearchCollection request uses the keyword parameter, and optionally its language
(keywordLanguage), the conceptScheme parameter that specifies the URI of the concept
scheme of interest, and the collection parameter that specifies the URI of a collection of
interest, c.f., Table 4.26.

Table 4.26. SearchConcept Request Parameters

Cardmallty

keyword Search keyword keyword=geology
Type: free text

keywordLangua 0..1 keyword language keywordLanguage=en

ge Type: ISO 639-1 two-
letter language code

conceptScheme 0..1 URI of a concept conceptScheme=
scheme of interest http://geodi.ucc.ie/ont/20110429/geosc
Type: URI ience.owl#Themes

collection * URI of a collection of conceptScheme=
interest http://geodi.ucc.ie/ont/20110429/geosc
Type: URI ience.owl#Themes

An example of a SearchConcept request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=SearchConcept

&elementSet=full

&keyword=geo

&keywordLanguage=en
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Parameters

Encoded URL.:
http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=SearchCollection&elementSet=f
ull&keyword=geo&keywordLanguage=en&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%
2F20110429%2Fgeoscience.owl%23Parameters
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4.13.2 XML Encoding

The <sws:SearchConcept> element is used to call the SearchConcept operation of an
SWS. It is defined by the following XML Schema fragment.

<!--SearchConcept request-->
<xs:element name="SearchConcept" type="sws:SearchConceptType"/>

<!--SearchConceptType-->
<xs:complexType name="SearchConceptType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--Free-text keyword, mandatory-->
<xs:element name="Keyword" type="sws:KeywordType"/>

<!--URI of the requested concept scheme-->
<xs:element name="ConceptScheme" type="xs:anyURI" minOccurs="0"/>

<!--URI of the requested concept schemes-->
<xs:element name="Collection" type="xs:anyURI" minOccurs="0"
maxOccurs="unbounded" />
</Xs:sequence>
</xs:extension>
</Xs:complexContent>
</xs:complexType>

The sws:KeywordType is a data type that contains a free-text keyword and a language
attribute (xml:lang).

4.13.3 Response

The SearchConcept response is an RDF document describing the concept(s) matching the
keyword specified in the request and belonging to the concept scheme and/or collections of

interest. The XML below shows a fragment of the SearchCollection response associated with
the request example above.

<rdf :RDF>

<skos:Concept rdf:about="GeotechnicalPropertyOfSeabedSamples">
<skos:preflabel xml:lang="en">
Geotechnical Property of Seabed Samples
</skos:preflabel >
<skos:inScheme rdf:about="Parameters"/>
<skos:definition xml:lang="en">

Parameter pertaining to the geotechnical analysis of seabed samples
</skos:definition>

</skos:Concept>
</rdf :RDF>

4.14 GetRelatedConcepts Operation

The mandatory GetRelatedConcepts operation, which is fully defined in Table 4.27, retrieves
all the concepts related to one or more specified concepts, identified by their URIs, by one or
more SKOS relationships. Concepts may be filtered by concept scheme and/or collections.

Table 4.27. Definition of the GetRelatedConcepts Operation

Definition Allows a client to retrieve the concepts related to one or more concept schemes.
Receives A list of concepts, and optionally, a list of SKOS relationship URIs, the URIs of the
concepts schemes and collections of interest, the element set name, which

specifies the level of detail of the resource descriptions in the response, and the
response language.

Returns Definitions of the concepts related to the specified ones using the specified
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relationships and belonging to the specified concept scheme and collections, in
the specified language, encoded in RDF/XML.

Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError.

4.14.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetRelatedConcepts request uses the parameters defined in Table 4.28.

Table 4.28 GetRelatedConcepts Request Parameters

Cardmallty

concept URI of the concept of concept=http://geodi.ucc.ie/ont/201104
interest 29/geoscience.owl#Geology

relationship * URI or local name of a relationship=http://www.w3.0rg/2004/0
SKOS relationship 2/skos/core#narrowerTransitive

conceptScheme  * URI of a concept conceptScheme=http://geodi.ucc.ie/ont
scheme /20110429/geoscience.owl#Disciplines
Type: URI

collection * URI of a collection collection=http://geodi.ucc.ie/ont/20110
Type: URI 429/geoscience.owl#RemoteSensingin

struments

An example of a GetRelatedConcepts request is provided below.

http://netmar.ucc.ie/srv/ISWS?

service=SWS

&version=2.0

&request=GetRelatedConcepts

&elementSet=full
&concept=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Geology
&relationship=http://www.w3.0rg/2004/02/skos/core#narrowerTransitive
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Themes

Encoded URL:
http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=GetRelatedConcepts&elementS
et=summary&concept=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.ow|%2
3Geologyé&relationship=http%3A%2F%2Fwww.w3.0rg%2F2004%2F02%2Fskos%2Fcore%23narro
werTransitive&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscienc
e.owl%23Themes

4.14.2 XML Encoding

The <sws:GetRelatedConcepts> element is used to call the GetRelatedConcepts
operation of an SWS. It is defined by the following XML Schema fragment.
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<!--GetRelatedConcepts-->
<xs:element name="GetRelatedConcepts" type="sws:GetRelatedConceptsType"/>

<!--GetRelatedConceptsType-->
<xs:complexType name="GetRelatedConceptsType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--URI of the requested concept, mandatory-->
<xs:element name="Concept" type="xs:anyURI" maxOccurs="unbounded"/>

<!--SKOS Relationship, optional, if omitted than the SKOS relationship-->

<!--skos:semanticRelation SHALL be considered.-->

<xs:element ref="sws:SKOSRelationship" minOccurs="0"
maxOccurs="unbounded" />

<!--URIs of target concept schemes; optional. If omitted then the-->

<!--related concepts search is performed in all concept schemes.-->

<xs:element name="ConceptScheme" type="xs:anyURI" minOccurs="0"
maxOccurs="unbounded" />

<!--URIs of target collections; optional. If omitted then the-->
<!--related concepts search is performed in all collections.-->
<xs:element name="Collection" type="xs:anyURI" minOccurs="0"
maxOccurs="unbounded" />
</Xs:sequence>
</xs:extension>
</Xs:complexContent>
</xs:complexType>

4.14.3 Response

The GetRelatedConcepts response is an RDF document listing the concepts related to the
requested concepts using the specified relationships and belonging to the specified concept
schemes and or collections. The XML below shows a fragment of the GetRelatedConcepts
response associated with the request example above.

<rdf :RDF>
<skos:Concept rdf:about="AcousticSeabedClassification">
<skos:preflabel xml:lang="en">
Acoustic Seabed Classification
</skos:preflabel >
<skos:inScheme rdf:about="Themes"/>
<skos:definition xml:lang="en">
The classification of seabed based on acoustic properties. This can
be divided into two main categories: seabed surface classification and
seabed sub-surface classification (sub bottom profiling) .
</skos:definition>
</skos:Concept>
<skos:Concept rdf:about="FaciesInterpretation">
<skos:prefLabel xml:lang="en">Facies interpretation</skos:prefLabel>
<skos:inScheme rdf:about="Themes"/>
<skos:definition xml:lang="en">
The characterisation of a rock or series of rocks reflecting their
appearance, composition, and conditions of formation
</skos:definition>
</skos:Concept>
<!--Other related concepts-->
</rdf :RDF>
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4.15 GetExplicitTopConcepts Operation

The optional GetExplicitTopConcepts operation, which is fully defined in Table 4.29, retrieves
all the concepts asserted as being the top concepts of a specified concept scheme identified
by its URI.

Table 4.29. Definition of the GetExplicitTopConcepts Operation

Definition Allows a client to retrieve the top concepts of a specified concept scheme.
Receives The URI of the concept scheme of interest and, optionally, the element set name,
which specifies the level of detail of the resource descriptions in the response, and
the response language

Returns List of concepts asserted as top concepts of the specified concept scheme, with
their annotation properties in the specified language, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,

ResourceNotFound, ResourceTypeMismatch, InternalError

4.15.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetExplicitTopConcepts request uses the conceptScheme parameter that specifies the URI
of the concept scheme requested by the client (c.f., Table 4.30).

Table 4.30. GetExplicitTopConcepts Request Parameters

Cardinalit

conceptScheme 1 URI of the concept conceptScheme=http://geodi.ucc.ie/ont
scheme requested /20110429/geoscience.owl#Themes
Type: URI

An example of a GetExplicitTopConcepts request is provided below.

http://netmar.ucc.ie/srv/ISWS?

service=SWS

&version=2.0

&request=GetExplicitTopConcepts

&elementSet=brief
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Themes

Encoded URL:
http://netmar.ucc.ie/srv/SWS?service=SWS&version=2.0&request=GetExplicitTopConcepts&eleme

ntSet=brief&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.
owl%23Themes

4.15.2 XML Encoding

The <sws:GetExplicitTopConceptss> element is used to call the

GetExplicitTopConcepts operation of an SWS. It is defined by the following XML Schema
fragment.
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<!--GetExplicitTopConcepts request-->
<xs:element name="GetExplicitTopConcepts" type="sws:GetExplicitTopConceptsType"/>

<!--GetExplicitTopConceptsType-->
<xs:complexType name="GetExplicitTopConceptsType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--URI of the requested concept scheme, mandatory-->
<xs:element name="ConceptScheme" type="xs:anyURI"/>
</Xs:sequence>
</xs:extension>
</Xs:complexContent>
</xs:complexType>

4.15.3 Response

The GetExplicitTopConcepts response is an RDF document listing and describing the
explicitly asserted top concepts of the specified concept scheme. The XML below shows a
fragment of the GetExplicitTopConcepts response associated with the request example
above.

<rdf :RDF>
<skos:Concept rdf:about="Geology">
<skos:prefLabel xml:lang="en">Geology</skos:prefLabel>
</skos: Concept>
<skos:Concept rdf:about="Elevation"s>
<skos:preflLabel xml:lang="en">Elevation</skos:preflLabel>
</skos:Concept>
<!--More concepts-->
</rdf :RDF>

4.16 GetlmplicitTopConcepts Operation

The GetlmplicitTopConcepts operation, which is fully defined in Table 4.31, retrieves all the
concepts belonging to a concept scheme and having no broader concepts within that same
concept scheme. This includes the explicit top concepts.

Table 4.31. Definition of the GetimplicitTopConcepts Operation

Definition Allows a client to retrieve the top concepts of a specified concept scheme.
Receives The URI of the concept scheme of interest and, optionally, the element set name,
which specifies the level of detail of the resource descriptions in the response, and
the response language

Returns List of concepts belonging to the specified concept scheme and having no broader
concepts within that concept scheme, with their annotation properties in the
specified language, encoded in RDF/XML.

Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError

4.16.1 KVP Encoding

Like the GetExplicitTopConcepts operation, the GetlmplicitTopConcepts request uses the
conceptScheme parameter that specifies the URI of the concept scheme requested by the
client (c.f., Table 3.32).
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Table 4.32. GetimplicitTopConcepts Request Parameters

Cardinalit

conceptScheme 1 URI of the concept conceptScheme=http://geodi.ucc.ie/ont
scheme requested /20110429/geoscience.owl#Themes
Type: URI

An example of a GetlmplicitTopConcepts request is provided below.

http://netmar.ucc.ie/srv/ISWS?

service=SWS

&version=2.0

&request=GetimplicitTopConcepts

&elementSet=brief
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Themes

Encoded URL.:
http://netmar.ucc.ie/srv/SWS?service=SWS&version=2.0&request=GetlmplicitTopConcepts&eleme
ntSet=brief&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.
owl%23Themes

4.16.2 XML Encoding

The <sws:GetImplicitTopConceptss element is used to call the
GetlmplicitTopConcepts operation of an SWS. It is defined by the following XML Schema
fragment.

<!--GetImplicitTopConcepts request-->
<xs:element name="GetImplicitTopConcepts" type="sws:GetImplicitTopConceptsType"/>

<!--GetImplicitTopConceptsType-->
<xs:complexType name="GetImplicitTopConceptsType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--URI of the requested concept scheme, mandatory-->
<xs:element name="ConceptScheme" type="xs:anyURI"/>
</Xs:sequence>
</xs:extensions>
</xs:complexContent>
</Xs:complexType>

4.16.3 Response

The GetimplicitTopConcepts response is an RDF document listing and describing the implicit
top concepts of the specified concept scheme. The XML below shows a fragment of the
GetlmplicitTopConcepts response associated with the request example above.

<rdf :RDF>
<skos:Concept rdf:about="Geology">
<skos:preflLabel xml:lang="en">Geology</skos:preflLabel>
</skos: Concepts>
<skos:Concept rdf:about="Elevation"s>
<skos:prefLabel xml:lang="en">Elevation</skos:prefLabel>
</skos:Concept>
<!--More concepts-->
</rdf :RDF>
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4.17 GetConceptHierarchy Operation

The GetConceptHierarchy operation, which is fully defined in Table 4.33, retrieves all the
concepts of a specified concept scheme, identified by its URI, organised in a hierarchy
(nested structure) according to the SKOS broader and narrower relationships. This operation
is suitable for small concept schemes (hundreds of concepts) and is useful for ontology
browsers.

Table 4.33. Definition of the GetConceptHierarchy Operation

Definition Allows a client to retrieve the hierarchy of the concepts of a specified concept
scheme.
Receives The URI of the concept scheme of interest and, optionally, the element set name,

which specifies the level of detail of the resource descriptions in the response, and
the response language

Returns The concepts of the specified concept scheme, organised in a hierarchy (nested
structure) according to the SKOS broader and narrower relationships, with their
annotation properties in the specified language, encoded in RDF/XML.
Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError

4.17.1 KVP Encoding

In addition to the common SWS semantic request parameters (defined in Table 4.3), the
GetConceptHierarchy request uses the conceptScheme parameter that specifies the URI of
the concept scheme requested by the client (c.f., Table 4.34).

Table 4.34. GetConceptHierarchy Request Parameters

Cardinalit

conceptScheme 1 URI of the concept conceptScheme=http://geodi.ucc.ie/ont
scheme requested /20110429/geoscience.owl#Themes
Type: URI

An example of a GetConceptHierarchy request is provided below.

http://netmar.ucc.ie/srv/SWS?

service=SWS

&version=2.0

&request=GetConceptHierarchy

&elementSet=brief
&conceptScheme=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Themes

Encoded URL:
http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=GetConceptHierarchy&elementS

et=brief&conceptScheme=http%3A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl
%23Themes

4.17.2 XML Encoding

The <sws:GetConceptHierarchy> element is used to call the GetConceptHierarchy
operation of an SWS. It is defined by the following XML Schema fragment.

© 2011 NETMAR Consortium EC FP7 Project No. 249024



NETMAR Deliverable D4.3.2: NETMAR Semantic Framework Specification — Final version 49

<!--GetConceptHierarchy request-->
<xs:element name="GetConceptHierarchy" type="sws:GetConceptHierarchyType"/>

<!--GetConceptHierarchyType-->
<xs:complexType name="GetConceptHierarchyType">
<xs:complexContent>
<xs:extension base="sws:SWSRequestType">
<Xs:sequence>
<!--URI of the requested concept scheme, mandatory-->
<xs:element name="ConceptScheme" type="xs:anyURI"/>
</Xs:sequence>
</xs:extension>
</xXs:complexContent>
</xs:complexType>

4.17.3 Response

The GetConceptHierarchy response is an RDF document containing the hierarchy of the
concepts belonging to the requested concept scheme. The XML below shows a fragment of
the GetConceptHierarchy response associated with the request example above.

<rdf :RDF>
<skos:Concept rdf:about="NaturalRiskZones">
<skos:prefLabel xml:lang="en">Natural risk zones</skos:prefLabels>
</skos:Concept>
<skos:Concept rdf:about="Geology">
<skos:preflLabel xml:lang="en">Geology</skos:preflLabel>
<skos:narrower>
<skos:Concept rdf:about="MarineGeology">
<skos:prefLabel xml:lang="en">Marine geology</skos:prefLabel>
<skos:narrower>
<skos:Concept rdf:about="MarineGeophysics">
<skos:preflLabel xml:lang="en">Marine Geophysics</skos:preflabels>
<skos:narrower>
<skos:Concept rdf:about="MarineGravityField">
<skos:preflabel xml:lang="en">
Marine Gravity Field
</skos:prefLabel >
</skos:Concept>
</skos:narrower>
<!--Other concepts narrower than "MarineGeophysics"-->
</skos:Concept>
</skos:narrower>
<!--Other concepts narrower than "MarineGeology"-->
</skos:Concept>
</skos:narrower>

<!--Other concepts narrower than "Geology"-->
</skos:Concept>
<!--Other top concepts-->
</rdf :RDF>

4.18 CheckRelation Operation

This optional CheckRelation operation, which is fully defined in Table 4.35, checks whether
two specified concepts are related via a specified SKOS relationship.

Table 4.35. Definition of the CheckRelation Operation

Definition Checks whether two specified concepts are related via a specified SKOS
relationship.

Receives The URI of an origin concept scheme (subject), that of a target concept (object),
and the URI or short name of a SKOS relationship (predicate).

© 2011 NETMAR Consortium EC FP7 Project No. 249024



NETMAR Deliverable D4.3.2: NETMAR Semantic Framework Specification — Final version 50

Returns A SPARQL response encapsulating a Boolean value: true if the concepts are
related, false else.

Exceptions InvalidParameterValue, MissingParameter, NullResourceValue,
ResourceNotFound, ResourceTypeMismatch, InternalError

4.18.1 KVP Encoding

In addition to the common SWS request parameters, the GetConceptHierarchy request uses
the subject parameter that specifies the URI of the origin concept, the predicate parameter
that specifies the URI or local name of the SKOS relationship, and the object parameter that
specifies the URI of the target concept (c.f., Table 4.36).

Table 4.36. CheckRelation Request Parameters

Cardmallty

subject URI of the origin subject=http://geodi.ucc.ie/ont/201104
concept (subject) 29/geoscience.owl#Geology
Type: URI

predicate 1 URI or local name of a predicate=http://www.w3.0rg/2004/02/s
SKOS relationship kos/core#narrowerTransitive
(predicate)

object 1 URI of the target object=http://geodi.ucc.ie/ont/2011042
concept (object) 9/geoscience.owl#MarineGeophysics
Type: URI

An example of a CheckRelation request is provided below.

http://netmar.ucc.ie/srv/ISWS?

service=SWS

&version=2.0

&request=CheckRelation
&subject=http://geodi.ucc.ie/ont/20110429/geoscience.owl#Geology
&predicate=http://www.w3.0rg/2004/02/skos/core#narrowerTransitive
&object=http://geodi.ucc.ie/ont/20110429/geoscience.owl#MarineGeophysics

Encoded URL:
http://netmar.ucc.ie/srv/ISWS?service=SWS&version=2.0&request=CheckRelation&subject=http%3
A%2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl%23Geology&predicate=http%3A
%2F%2Fwww.w3.0rg%2F2004%2F02%2Fskos%2Fcore%23narrowerTransitive&object=http%3A%
2F%2Fgeodi.ucc.ie%2Font%2F20110429%2Fgeoscience.owl%23MarineGeophysics

4.18.2 XML Encoding

The <sws:CheckRelation> element is used to call the CheckRelation operation of an
SWS. It is defined by the following XML Schema fragment.
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<!--CheckRelation-->
<xs:element name="CheckRelation" type="sws:CheckRelationType"/>

<!--CheckRelationType-->
<xs:complexType name="CheckRelationType">
<XSs:sequence>
<!--Server versions accepted-->
<!--When omitted, server shall return latest supported version.-->
<xs:element name="AcceptVersions" type="sws:SWSVersionListType" minOccurs="0"/>

<!--Response format accepted-->

<!--If omitted, server shall return service metadata document using-->
<!--the MIME type "text/xml". If the specified format is not supported, -->
<!--the server shall raise a NotSupported exception.-->

<xs:element name="AcceptFormat" type="sws:ResponseFormatType" minOccurs="0"/>

<!--URI of the origin concept (subject), mandatory-->
<xs:element name="Subject" type="xs:anyURI"/>

<!--SKOS Relationship (predicate), mandatory-->
<xs:element name="Predicate" type="sws:SKOSRelationshipType"/>

<!--URI of the target concept (object), mandatory-->
<xs:element name="Subject" type="xs:anyURI"/>
</Xs:sequence>

<!--Service type, default is SWS (Semantic Web Service)-->
<xs:attribute name="service" type="sws:ServiceType" use="required"/>
</Xs:complexType>

4.18.3 Response

The CheckRelation response is a SPARQL response document encapsulating a Boolean
value stating whether the specified concepts are related via the specified SKOS relationship.
The XML below shows a fragment of the CheckRelation response associated with the
request example above.

<sparqgl:sparqgls>
<sparqgl:results>
<sparql :boolean>true</sparqgl :boolean>
</sparqgl:results>
</sparqgl:spargl>
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5 Non-Functional Requirements

5.1 Performance

The provision of a SOAP interface to the semantic resource SHALL allow an increase in
performance when the server is being queried for a response that is anticipated to deliver a
large payload. As an example, the BODC Parameter Usage Vocabulary® (21,000+ concepts)
typically loads in ~30 seconds in a RESTful service call while it loads in ~4 seconds using a
SOAP service call.

5.2 Security

The concept collections SHALL be publicly available in read-only form from either RESTful or
SOAP web services. The underlying database structure SHALL be backed up on a regular
basis and secured with passwords known only to a few members of staff. All software
serving the concept collections is held within a subversion repository allowing it to be
maintained in a secure manner.

The vocabulary editor has authentication and authorisation associated with it through
BODC's access control system, which allows only those users with the correct role to edit a
concept collection

5.3 Service Quality Attributes

Correctness of the content of the semantic resource SHALL be ensured through the
NETMAR semantic resource governance body. Correctness of the technical implementation
SHALL be ensured through the use of existing and the monitoring of emerging standards.

Availability, reliability and robustness of the service SHALL be ensured by providing as great
a level of uptime to the service as possible. This SHOULD be 97% or greater.

Usability, interoperability and portability of the service SHALL be ensured by the use of W3C
standards in the development of the resource. The resource SHALL deliver a W3C standard
format payload and the interface SHALL be developed with consideration to the findings of a
W3C incubator group investigating standards in vocabulary servers.

The final version of the semantic resource developed for NETMAR SHALL not be withdrawn
without prior warning and without a new version of the service providing backwards
compatibility. This version of the semantic resource SHALL be retained while it is still
receiving service calls.

® http://vocab.ndg.nerc.ac.uk/list/P011/current/
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6 Uncertainty Propagation in Service Chains

“In science, the word error does not carry the usual connotations of the term mistake or
blunder. Error in a scientific measurement means the inevitable uncertainty that attends all
measurements. As such, errors are not mistakes; you cannot eliminate them by being very
careful. The best you can hope to do is ensure that errors are as small as reasonably
possible and to have a reliable estimate of how large they are.” [Ta82]

Documenting such errors in a geographic dataset, which is usually the result of a set/series
of scientific measurements, is essential for end-users to estimate the reliability of the
information contained within the dataset, and to determine its fithess for purpose (whether
the information is fit for the intended use).

When performing service chains, data are processed by a processing service to generate
output data that are in turn fed into the next service in the chain, and so forth. It is inevitable
that errors contained in the initial dataset will propagate through the whole service chain.
Each processing service will result in an output dataset with an uncertainty that depends on
the input dataset’s uncertainty and on the type of operation performed by the processing
service. This phenomenon is commonly known as uncertainty propagation.

This chapter provides a complete model for the representation, enoding, handling and
communication of uncertainty in service chains building. Further details of

1.  What uncertainty means and what types of uncertainty NETMAR supports

2.  How uncertainty is propagated mathematically through a processing service

are provided in Appendix A.

The proposed model builds on existing work, notably the UncertWeb® project and its
conceptual model and encoding in UncertML’.

6.1 Motivation

The NETMAR pilots require that uncertainty should be propagated and used in the service
chain; for example, a scientist interested in checking the agreement of satellite observations
with model data needs to take account of the uncertainty in each dataset. At present this
calculation would have to be carried out manually by the scientist. By adopting standard
methods and structures within NETMAR, the uncertainty information can flow through a
service chain and be presented to the scientist automatically as another output.

Below are a couple examples based on the ocean colour scenarios:

e Input: Uncertainty implicit in the input model and satellite data (e.g. positioning
uncertainty in a satellite sensor based on measured error bounds)

e Process: Re-sampling to match size/resolution/area (e.g. introducing further
positional uncertainty due to the interpolation)

e Process: Make a comparison between model and satellite data, combining the
positional uncertainty

e Output: a comparison with error bars based on the propagated uncertainty

Another example is quality control of an in situ measurement:

® http://www.uncertweb.org/

" http://www.uncertml.org/
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e Inputs: in situ measurement and satellite data (with radiometric uncertainty from
specifications/calibration)

e Process: verify that the in situ measurement is within accepted bounds of the satellite
data, including the uncertainty of both

e Output: an indicator that the threshold was/wasn't breached

Where uncertainty information is unavailable, processes and service chains SHOULD still
function, but would not produce any uncertainty output.

6.2 Handling and Communicating Uncertainty

The aim of this section is to specify the way uncertainty information will be handled in the
service chains. More specifically, we will look into how uncertainty information should be
encoded and how it should be communicated by services.

6.2.1 Uncertainty Encoding

In general, uncertainty information MAY be encoded in data or in metadata. This section
explores the possibilities of encoding uncertainty in ISO-19115 metadata, NetCDF files, GML
and O&M.

6.2.1.1 Encoding Uncertainty within NetCDF

Uncertainty SHALL be contained inside NetCDF files following the "self-describing data-
inside-file" proposed by "OGC Network Common Data Form (NetCDF) Core Encoding
Standard version 1.0."

The latest CF convention (1.5) provides a limited description of uncertainty and how it should
be organised inside the file structure. The CF convention states that data describing another
data variable (e.g., uncertainty data describing pixel variance) SHOULD be linked using the
ancillary variables attribute. This is illustrated in the examples below.

Example 1. Uncertainty description using CF 1.5. Temperate data variable is associated with
temperature variance variable.

dimensions:
latitude=100;
longitude=100

variables:
float temperature (latitude, longitude) :
temperature:units="degC";
temperature:missing value=-999.f;
temperature:ancillary variables="temperature variance"

float temperature variance (latitude, longitude) :
temperature variance:units="degC”*2";
temperature variance:missing value=-999.f;

//global attributes
:Conventions
:institution

ICF=1,57 ¢
"Plymouth Marine Laboratory Remote Sensing Group" ;

The uncertainty data description here is limited and lacks proper data description, for
example the data cannot answer the question "What is temperature variance" as there is no
semantic content. Therefore, CF requires extending to accommodate the necessary
information, as follows:
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(1) An additional convention (UncertML) will be included.

Example 2. UncertML NetCDF binding: additional conventions.

:Conventions = "CF-1.5 Uncertain";

(2) Ancillary variables shall link the data with its uncertainty as in CF.

Example 3. UncertML NetCDF binding: linking data variables to a coverage/per-pixel
uncertainty variable.

variables:
float temperature (latitude, longitude) :
temperature:ancillary variables="temperature variance";

float temperature variance (latitude,longitude) :

Example 3 has 2 parameters: temperate and temperature variance in 2D dimensions
(latitude, longitude), the appended " variance" is a convention used to indicate an
uncertainty description, in this case variance.

Measured data can link to data of different dimensions, for example an image variance value
can be for each pixel in the image (as above) or for the image as a total (for example the
variance of a Gaussian distribution describing the image) (Example 4).

Example 4. UncertML NetCDF binding: linking data variables to a single/whole-dataset
uncertainty variable.

variables:
float temperature (latitude, longitude) :
temperature:ancillary variables="temperature variance";

float temperature variance() :

(3) Uncertainty shall be described using an external reference to UncertML.

Appending the uncertainty name to the data name (e.g., temperature variance) is a
human friendly description but isn't detailed or even semantically active/correct. The variable
containing the uncertainty (in this case temperature variance) shall itself link to a
specific description of its properties defined in an UncerML dictionary using the
uncertML_ref attribute.

Example 5. UncertML NetCDF binding: describing uncertainty (replace) example 6: Indirect
WCS coverage linking: WCS linking to XML linking to a WCS variance coverage.
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float temperature variance (latitude,longitude) ;
temperature variance:units="degC"2";
temperature variance:missing value=-999.f;

temperature variance:uncertML ref =
"http://dictionary.uncertml.org/statistics/variance";

6.2.1.2 The Case of GML and O&M

UncertWeb Deliverable 8.1 [SGPP10], "Report on integration requirements in UncertWeb",
Annex 5 contains a preliminary profile for GML and O&M with uncertainty propagation. The
GML/O&M proposed by UncertWEB, will be adopted by NETMAR. GML/O&M shall be used
in the context of Web Feature Service and/or Sensor Observation Service for distribution of
data within NETMAR.

6.2.1.3 Encoding Uncertainty within 1ISO-19115 Metadata

Another option for encoding uncertainty is in 1SO-19115 medatata. An 1SO-19115 data
quality element (c.f. section A.1) SHALL contain at least one or two data quality results
(DQ Result). A data quality result can be either a conformance result
(DQ ConformanceResult) or a quantitative result (DQ QuantitativeResult). As per
the UncertML best practice proposal [CW11], uncertainty information can be encoded in
UncertML and encapsulated in a quantitative result in a metadata record. However, in this
case, the processing web services needs be able to identify the metadata record associated
with the data file being processed, which makes the workflow more complex as catalogue
services need to be interrogated and metadata need to be parsed. Therefore, we do not
recommend this option for service chains.

6.2.2 Uncertainty Semantics

The UncertWeb project has its own semantic resources for describing statistics and
distributions within UncertML. The UncertWeb project has both content and technical
governance responsibility for this resource, and these governances therefore lie outside the
remit of the NETMAR project. However, NETMAR partners have been consulted on the
technical governance as experts in this field and a dialogue has been established advising
the UncertWeb project to use the SKOS (Simple Knowledge Organisation System) as
adopted by the NETMAR semantic resource.

Once UncertWeb have published a SKOS concept scheme that formally declares the
definitions of the concepts recognised within UncertML, applications within NETMAR can
utilise the URIs of the concepts defined and served by UncertWeb.

6.2.3 Communicating Uncertainty

The main requirement for communicating uncertainty is that web services shall have the
ability to expose uncertainty associated with offered data. To achieve this, a server response
SHALL include either uncertainty information itself, or a reference to a document that
contains uncertainty information.

6.2.3.1 Web Coverage Service

The OGC Web Coverage Service (WCS) [WEO08] enables users to fetch raster images with
valuable scientific information. Normally WCS delivers images in Geotiff and/or netCDF
format.

© 2011 NETMAR Consortium EC FP7 Project No. 249024




NETMAR Deliverable D4.3.2: NETMAR Semantic Framework Specification — Final version 57

Uncertainty shall be generally be propagated by the use of netCDF files that contain
uncertainty as an additional layer (as described in subsection 5.6.1.1). A requesting client
must know to select the appropriate layer, if the uncertainty is offered as a different WCS
coverage. A client must also be able to access a description of the uncertainty layer. In
these cases, the data-coverage and uncertainty-coverage shall be linked using

metadataLink.

WCS allows for three 3 types of metadatalink:
e [SO TC211's Geospatial Metadata Standard 19115,
e US FGDC Content Standard for Digital Geospatial Metadata®
e Other.

Uncertainty can be described as "Other" metadata.

The WCS schema defines that metadata SHOULD be included in the metadataLink
element as attributes. This is illustrated in the following example.

Example 6. Describing coverages.

<CoverageOffering>
<metadatalink metadataType="other"
about="varianceCoverage"
gml:remoteSchema="http://foo/spam/uncertML.xsd"
xlink:title="Variance Coverage of Modis"
xlink:href="http://foo/varianceCoverageDescription.xml">
</metadataLink>
<name>modis</name>
<label>North Central US MODIS Images for 2002</labels>
<l--L..-->

</CoverageOffering>

In this example (6), the metadataLink element points to an XML description using
UncertML that will contain generic statistical data describing the coverage that in turn points
to a coverage in the same service that would contain extra uncertainty with spatial
information (Figure 6.3).

WCS

MODIS NDWI

Coverage

Uncerainty XML
Description

MODIS ND¥I Variance
Coverage “

Figure 6.3. Uncertainty reference using an XML describing linking 2 WCS coverages. The uncertainty
XML describing can also contain statistical information.

8 http://www.fgdc.gov/imetadata/csdgm/
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If statistical information/needs are relatively simple, the metadataLink element could just
reference both coverages (c.f., Example 7 and Figure 6.4).

Example 7. Direct WCS coverage linking: WCS linking to a WCS variance coverage.

<CoverageOffering>
<metadatalink metadataType="other"
about="varianceCoverage"
gml : remoteSchema="http://foo/spam/uncertML.xsd"
xlink:title="Variance Coverage of MODIS chlorophyll"
xlink:href="http://foo/wcs?SERVICE=wcs&VERSION=1.0.0&

REQUEST=describeCoverage&COVERAGE=ndviCovariance" >

</metadataLinks>
El==,02=2

</CoverageOffering>

WCS

MODIS NDVI
Coverage

!

Uncertainty
KML
Description

!

MODIS NDVI Variance
Coverage

Figure 6.4. Relating Two Coverages Using the metadataLink element

6.2.3.2 Web Processing Service

Web Processing Service (WPS) outputs SHALL contain uncertainty metadata. If it is not
possible to encapsulate it in the service's output as NetCDF, GML, or O&M, etc. the
metadata description in the response document SHALL point to the location where
uncertainty can be retrieved.

Example 8. Linking a WPS output to external XML describing uncertainty / semantics.

<Output minOccurs="1" maxOccurs="1024">
<ows:Identifier>rasterOutput</ows:Identifiers>
<ows:Title>Resamples image raster image</ows:Titles
<ows:Metadata xlink:title="mapCoverage"
xlink:role="http://rsg.pml.ac.uk/wps/raster/r.resample/output/rasterOutput"
xlink:href="http://rsg.pml.ac.uk/wps/wpsoutputs/pywps-uncert-130614486258.xml">
</ows:Metadatas>
<ComplexDatax>

<!--Output data-->

<ComplexDatas>

</Output>
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The uncertainty information SHALL be stored in the same output location and with the same
ID as the response document so that output data and uncertainty can be traced to the same
process run.

It is the responsibility of individual WPS processes to identify that data provided by the client
(web service, image and vector data) has uncertainty associated with it and to use and
propagate that uncertainty if possible. As part of the project, a library will be created that
simplifies querying and acquiring uncertainty data to a few function calls. The uncertainty
propagation in a process is necessarily specific to the process and cannot be written into any
library (e.g. the process of evaluating final positional uncertainty of a mobile GPS location
when it is corrected by referencing against a local fixed reference station is very specific to
that algorithm).
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8 Acronyms

API
BODC
CF
CMRC
Csw
EO
EUMIS
GML
INTAMAP
ISO
MODEIS
NERC
NetCDF
NETMAR
NVS
O&M
OGC
OWL
PSGP
RDBMS
RDF
RDFS
ReST
SKOS
SOA
SOAP
SPARQL
SWS
URI
URN
WCS
WPS
XML

Application Programming Interface

British Oceanographic Data Centre

Climate and Forecast

Coastal and Marine Resources Centre
Catalogue Service for the Web

Earth Observation

European Marine Information System
Geography Markup Language
Interoperability and Automated Mapping
International Organization for Standardization
Moderate Resolution Imaging Spectroradiometer
Natural Environmental Research Council
Network Common Data Form

Open service Network for Marine Environmental Data
NERC Vocabulary Server

Observations and Measurements

Open Geospatial Consortium

Web Ontology Language

Projected Sequential Gaussian Processes
Relational Database Management System
Resource Description Framework

(Also RDF-S) RDF Schema

(Also REST) Representational State Transfer
Simple Knowledge Organisation System
Service Oriented Architecture

Simple Object Access Protocol

SPARQL Protocol and RDF Query Language (Recursive acronym)

Semantic Web Service
Uniform Resource Identifier
Uniform Resource Name
Web Coverage Service

Web Processing Service
eXtensible Markup Language
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Appendices

Appendix A. Uncertainty modelling
A.1  Related work

Uncertainty and its use, propagation and description in a service-oriented architecture (SOA)
strategy were initially addressed in the INTAMAP?® project (Interoperability and Automated
Mapping). In the INTAMAP project, web services (e.g. Web Processing Service [Sc07]) and
algorithms (e.g. PSGP interpolation) would consume uncertainty if present, mainly in the
form of UncertML 1.0 in an XML structure inside the O&M (Observations and Measurements)
[Coll] or GML (Geography Markup Language) [LBTRO04] profiles.

UncertWEB will build on INTAMAP to extend the use of uncertainty in a larger, GEOSS™,
context where data and algorithms/models are chained in a transparent way to build complex
models, encouraging sharing, re-use and easy access to models/services.

UncertWEB has three application model chains:
e eHabitat (WP4), oriented to ecological modelling, biodiversity and protected area
conservation

e Land-use (WP5), oriented to land-use, crop allocation and yield expectancy

e Air quality (WP®6), oriented to forecast air quality in Oslo

NETMAR is collaborating with UncertWEB to add an additional use case. NETMAR has
distinct chaining needs, mainly the use of uncertainty associated with remote sensing images
and maritime models and thus needs to cope with much larger 2D uncertainty fields normally
related to data held in NetCDF™.

NetCDF is a common (perhaps default) file format for scientific data in an array-oriented
structure that may contain spatial information of its data. NetCDF is an all-encompassing
format that provides several methods for describing data, but any development should follow
generic encoding characteristics described in the OGC NetCDF Core Encoding Standard
version 1.0 [Do11], as summarised below:

e Datasets represented using dimensions, variables and attributes.

Use of primitive data types: char, byte, short, int, float, double.

e Variables SHALL have name, type and values.

e Variables SHALL be a list of zero or more dimensions.

e Global attributes SHALL hold metadata about the entire dataset.

e Variable attributes SHALL hold metadata about one variable.

Generic encoding standards require that data be self-describing either by their metadata or
attributes. Within the earth observation (EO) domain the Climate and Forecast (CF)
convention has been widely adopted to fill this requirement.

° http://www.intamap.org/
'° Global Earth Observation System of Systems: http://www.earthobservations.org/

™ http://www.unidata. ucar.edu/software/netcdf/
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The ISO-19115 metadata specification [ISO03] and its XML implementation 1SO-19139
[1SO06] provide a set of elements for describing data quality (c.f., Table A.1).

Table A.1. ISO-19115 Quality Elements

Abstract Quality Elements Sub-Elements
Completeness Completeness Commission
Completeness Omission
Logical Consistency Conceptual Consistency

Domain Consistency

Format Consistency

Topological Consistency

Positional Accuracy Absolute External Positional Accuracy
Gridded Data Positional Accuracy
Relative Internal Positional Accuracy
Thematic Accuracy Thematic Classification Correctness
Non-quantitative Attribute Accuracy
Quantitative Attribute Accuracy
Temporal Accuracy Accuracy of a Time Measurement
Temporal Consistency

Temporal Validity

The 1SO-19115 data quality elements can be used to encapsulate uncertainty information
encoded en UncertML.

Work described in [JBCW10] proposes a set of tools for handling, characterising and
communicating uncertainty in chained geospatial web services. It shows how these tools can
be used to ‘uncertainty- enable’ web services in a model chain. The proposed approach
builds on existing approaches, notably standard geospatial services and formats (WPS,
SOS, GML, O&M) and UncertML for uncertainty encoding. However the approach does no
dig deep enough to specify the mechanism for a service to understand and propagate
uncertainty, and describe how inputs and outputs include and encode uncertainty. NETMAR
will build on this approach, and will attempt to fill the gaps.

A.2  Uncertainty

In scientific data, error is commonly defined as the disagreement between a measurement
and the real value. As error is never exactly known in practice, what scientists usually look
for is uncertainty, which is defined as an interval of confidence around the measured value,
within which the real (true) value is meant to lie. Obviously this is only an estimate of the
error. It quantifies the expected accuracy, but it is not a guarantee of accuracy.

For a measured value (or a parameter) a, let U(a) be the uncertainty of the measurement.
This means that the real value A is such that:
a-U(a)<A<a+U(a).

This inequality is commonly expressed as:
A=azxU(a).

The type of uncertainty defined above is called absolute uncertainty. Note that it is not
sufficient to indicate the quality of the measurement. For instance, an uncertainty of 1cm over
1m would indicate a precise measurement, whereas an uncertainty of 1cm over 2cm would
indicate a rather crude estimate. Another very common way of expressing uncertainty is
through fractional uncertainty also known as relative uncertainty, which is defined as:

u(a) =@

o
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The relative uncertainty may be expressed as a percentage, called percent uncertainty,
and define as follows:

4,(@) =100 u(@) =100x 22

In NETMAR, uncertainty will be expressed as one of the three forms defined above. In the

remainder of this document, uv(a) denotes the uncertainty of a parameter or value, a,
expressed in any of the forms defined above.

A.2.1 Global Uncertainty vs. Local Uncertainty

A geospatial dataset is a set of features (vector dataset) or pixels (raster dataset) described
through a set of attributes (parameters). The uncertainty of the measurement of one of these
attributes, a, for the dataset may be defined either globally as an aggregated value v(a) for
the whole dataset, or locally as a value 1,(a) for each feature or pixel x. The former is called
global, or aggregated uncertainty, while the latter is called local or granular uncertainty.
Figure A.1 illustrates global and local uncertainties for a raster dataset.

Dataset (Raster) Global Uncentainty Local Uncertainty

< o HE -
o o il B

11 14 15 1 1 2

Figure A.1. Global Uncertainty vs. Local Uncertainty

A.3  Uncertainty Propagation

The uncertainty propagation problem can be formulated mathematically as follows. Let D be
a dataset, and g be a function that operates on variables x;, ..., X,. Suppose that we apply g
to the attribute values a;, ..., a, of D. We assume that g operates on each feature or pixel of
D separately. For notational convenience, we will drop the pixel or feature index in all the
expressions.

Our objective (c.f., Figure A.2) is to determine how the uncertainties of the attributes a, ...,
a, propagate through the operation g to the operation output, i.e., to estimate (g(ay, ..., a,)),
knowing the uncertainties v(as), ..., u(a,), of attributes a;, ..., a,.

VWeb Processing
Service

Input Dataset QOutput Dataset

2 (D)
Attributes: a4,..., 3 Result: Q3 ..., 3
Uncertainties:  wfay), ..., vfag) Uncertainty: Hafay, ..., ag)) = ?

Figure A.2. Uncertainty Propagation
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A.3.1 The Addition Example

To illustrate, suppose that g is the addition operation (+), to be applied to n attribute values
ai, ..., a,. Therefore,

g(a,...a,)=a+..+4a,.
Method 1

Let A4, ..., A, be the true values of a, ..., a,. Therefore:

a,-U(a)<A<a+U(a),
a,-U(a,) <A <a,+U(a,).

By summing the n inequations above, one can conclude that:
(a+..+a,)-U(a)+..+U@,) <A +..+A <(a+..+a,)+U(a)+..+U(a,)).

Hence:
U(a1+"'+an) :U(a1)+"'+U(an)'

Method 2

Suppose aj;, ..., a, are measured with independent and random uncertainties. For
U(a))+...+U(a,) to be the actual value of U(a;+...+a,), we would have to simultaneously
underestimate or overestimate all the values ay, ..., a, by their maximum uncertainties. In
practice, if the uncertainties are independent, for each two attributes, we have a 50% chance
that an underestimate of one attribute is accompanied by an overestimate of the other. The
probability we would underestimate or overestimate all the attributes by the full amount is
very small and an uncertainty of U(a,)+...+U(a,) would be too large.

In practice, assuming that the attributes a;, ..., a, are measured with independent and
random uncertainties governed by the normal (Gaussian) distribution, we can estimate the
uncertainty U(a,+...+a,) using the quadratic sum:

U +.+a,) = U@) +.+U@)).

A.3.2 The Product Example

Another examples, which is a bit more complex that addition, is that of the product of n
attribute values ay,..., a,:

g(a,...a,)=a x..xa,.
Method 1

Here again, let A,,..., A, be the true values of a; ,..., a,. It is easy to prove that:

M _U(an) M U(an)
aix...xaz(l— |a1| Jx...x[l |an| JSAlx...xAHSaix...xan(H |a1| Jx...x(l+—|an| J

This is equivalent to (c.f., definition of relative uncertainty, section 6.3):

a, x..xa,l-u(@))x..xL-u(a,))< A x..x A <a x..xa @+u@))x..x[1+ua,))
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By expanding the expression, and by making the assumption that the fractional uncertainties
are small — therefore we can neglect the products of two or more fractional uncertainties —
we obtain:

a X...X an(l—(u(a1)+...+ u(an)))g AXx..xA <a x ...xan(l—(u(a1)+...+ u(an)))

Therefore, the relative uncertainty of the product can be estimated as follows:
u(a x...xa,)=u(a)+...+u(a,).

Method 2

Like in the previous example of the addition operation, For u(a;)+...+u(a,) to be the actual
value of u(ayx...xa,), we would have to simultaneously underestimate or overestimate all the
values ay, ..., a, by their maximum fractional uncertainties.

In practice, assuming that the attributes a;, ..., a, are measured with independent and
random uncertainties governed by the normal (Gaussian) distribution, we can estimate the
fractional uncertainty u(a;+...+a,) using the quadratic sum:

U(a, . x3,) =y (U(@)) +.+(u(a,))

A.3.3 The General Case

Method 1

In the general case of a function g operating on n variables x,, ..., X,, consider the following
linear approximation of g locally around (ay, ..., a), &, ..., & being small deviations:

dg dg

g(a, +&,..,a, +&,) =0(a,..,a,) + d—xl(al)- g+ ..+ K(an) &,

n

By applying this approximation around (a, ..., a,), assuming that the uncertainties are small,
we can estimate the uncertainty of g(ay, ..., a,) in the same way as in the addition example:

U(0(@3))= 52 (@) U@) + .+ 22 (3,) Ua,)

Method 2
Like in the previous two examples, if we assume that the attributes a,, ..., a, are measured

with independent and random uncertainties governed by the normal (Gaussian) distribution,
we can improve (tighten) the uncertainty estimation as follows:

ICCPERE (j—xg(ao-wai)j +...+{379(an>-U(an)j .

A.3.4 Conclusion

The methods introduced above provide the generic mathematical framework for estimating
uncertainty propagation in the NETMAR service chains. Note that in order to estimate the
uncertainty of the output data of an operation g, one needs to know what the operation does
exactly. Therefore, computing the output uncertainty SHALL be the responsibility of the
service performing the operation.
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The general uncertainty propagation formulae, proposed in subsection A.3.3, suppose that
the operation (function) being dealt with is continuous and derivable. In reality this cannot be
guaranteed, as functions may be non-derivable or even discrete. For instance, an operation
that applies a filter to drop those pixels whose values are below or above a specified
threshold is not continuous or derivable. In these cases it is up to the service operation
developer to define the appropriate uncertainty propagation method, which SHALL be part of
the service itself or, more specifically, the operation in question.

A.4  Other Considerations in Uncertainty Modelling

It is important to note that uncertainty has a scope, i.e., it SHALL always be related to a
parameter (attribute), e.g., position (positional accuracy), time (temporal accuracy),
temperature, etc.

As explained in subsection A.2.1, uncertainty MAY be global, in which case it is expressed
as a single value, or local, in which case it is expressed either as a separate dataset or using
an extra attribute in the dataset. Note that a global uncertainty may be regarded as an
invariant local uncertainty. Aggregating local uncertainties MAY be done in different ways.
The easiest way is to consider the highest uncertainty value for the dataset’s features or
pixels. Another way is to use the quadratic mean.
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