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Lecture 7: Mobile Applications and Web Services module 

Semantic annotations and metadata 
in mobile applications and web services 

− To create interoperable and machine-readable/
machine-interpretable description of data and 
services. 

− XML was the first step 
−  Limitations: tree-based structure, links between 

documents/resources, definition of tags… 
− RDF (graph model for descriptions) 
− Description of links 
−  Links between different different resources/documents 
− The open question is: 
− How to create a common schema model to make sure the 

same “common” tag/name/link will be used among 
different parties?   
− Ontologies can help to address this issue… 
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Ontology 

− The term ontology is originated from philosophy. 
In that context it is used as the name of a 
subfield of philosophy, namely, the study of the 
nature of existence. 

− For the Semantic Web purpose: 
− “An ontology is a specification of a conceptualization and  

a formal specification of a concepts, properties and 
interrelationships between concepts that can exist in a 
domain”.  
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Ontologies and Semantic Web 

−  In general, an ontology formally describes a domain of 
discourse. 

−  An ontology consists of a finite list of terms (i.e. concepts) 
and the relationships between the terms (i.e. properties). 

−  The terms denote important concepts (classes of objects) of 
the domain. 

−  For example, in a university setting: staff members, 
students, courses, modules, lecture theatres, and schools 
are some important concepts. 
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Terminological Systems 

− Terminological systems can be seen as basic 
examples of ontologies; for example: 
− Terminologies: list of terms referring to concepts in a 

particular domain.  
− Thesaurus: Terms are ordered alphabetically and 

concepts maybe described by synonymous terms.  
− Vocabulary: Concepts are defined in formal or free text 

form.  
− Classification: Concepts are organized using generic (i.e. 

is_a) relationships.  
− Coding systems: Codes designate concepts.  
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Semantic Web Vision  

Machine-processable, global 
Web standards:  
§  Assigning unambiguous names 
(URI)  
§  Expressing data, including 
metadata (RDF)  
§  Capturing ontologies (OWL)  
§  Query, rules, transformations, 
deployment, application spaces, 
logic, proofs, trust (in progress)  

[Source: Emerging Web Technologies to Watch, Steve Bratt, W3C] 
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Why do I need to develop an ontology? 

−  To provide more precise definition to resources and make them more 
suitable to machine processing 

−  To define explicit assumptions for a domain 
−  Easier to exchange domain assumptions 
−  Flexible to change/update the assumptions 
−  Easier to interpret and update legacy data 

−  To separate domain knowledge from operational knowledge 
−  Re-use domain and operational knowledge separately 

−  A common reference to define concepts and relationships between 
concepts and other axioms in a domain 

−  To share a consistent understanding of a domain 
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Ontology F-Logic 
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Ontology Logic 
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•  Major Paradigms: Logic Programming, Description Logic 
•  Standards: RDF(S); OWL 
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John 

ABC +1234567890 

A Sample Ontology 

[Original slide: Studer et al, 04] 
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PhD Student Lecturer 

Researcher 

rdfs:subClassOf rdfs:subClassOf 

cooperate_with 

rdfs:range rdfs:domain Ontology 

<uni:Lecturer rdf:ID=“Payam"> 
   <uni:name>Payam Barnahgi 
   </uni:name> 
... 
</uni:Lecturer> 
 

Anno-  
tation 

<uni:PhD_Student rdf:ID=“Frieder"> 
 <uni:name>Frieder Ganz</uni:name> 
 
 

 

... 
</uni:PhD_Student> 

Web 
 Page 

http://URI#Frieder URL 

<uni:cooperate_with rdf:resource =  
  "http://URI#Frieder"/> 

instance of 
instance 
of 

Cooperate_with 

Ontology & Annotation 

[Original slide: Studer et al, 04] 

http://URI#Payam 

Links have explicit meanings! 
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UML Models 

•  UML models have been 
used to specify functional 
and development 
requirements for software 
systems.  

•  It is not the common way 
but UML descriptions can be 
also used to describe 
ontologies.  

Example: a part of a Delivery Context Ontology,  
source: http://www.w3.org/2005/Incubator/model-based-ui/XGR-mbui-20100504/ 
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OWL Language 

−  Web Ontology Language (OWL) is the W3C recommendation 
for representing ontologies on the Web.  

−  OWL contains specific constructs to represent the domain and 
range of properties, subclass and other axioms and 
constraints on the values that can be assigned to the property 
of an object.  

−  OWL is based on Description Logics knowledge representation 
formalism 

12 

OWL and Description Logic 

−  OWL (DL) benefits from extensive work on DL research: 
−  Well defined semantics 
−  Formal properties (describing complexity, and providing 

decidability) 
−  Known reasoning algorithms 
−  Implemented systems  

−  Three species of OWL 
−  OWL full is union of OWL syntax and RDF 
−  OWL DL restricted to FOL fragment  
−  OWL Lite is “easier to implement” subset of OWL DL  
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Ontology representation languages 

−  XML Schema: is not an ontology representation language in 
the conventional sense; but there are significant work in 
different domains to define industry, healthcare, etc. data 
models.  

−  RDFS: RDF Schema is a semantic extension of RDF. It 
provides mechanisms for describing groups of related 
resources and the relationships between these resources.  

−  The Web Ontology Language (OWL) 

14 

RDF Schema (RDFS) 

−  The class and property concepts in RDF are similar to the 
type systems of object-oriented programming languages 
such as Java.  

−  In object-oriented systems a class is usually defined in 
terms of the properties its instances may have. 

−  In the RDF vocabulary properties are defined in terms of 
the classes of resource to which they apply.  

−  This is the role of the domain and range mechanisms. 
−  For example, we could define the eg:Author property to 

have a domain of eg:Article and a range of eg:Person. 
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The RDF Concepts and Abstract Syntax  

−  rdfs:Resource 
−  All things described by RDF are called resources, and are 

instances of the class rdfs:Resource.  
−  This is the class of everything. All other classes are subclasses 

of this class.  
−  rdfs:Resource is an instance of rdfs:Class.  

−  rdfs:Class 
−  This is the class of resources that are RDF classes. 
−  rdfs:Class is an instance of rdfs:Class.  

−  rdfs:Literal 
−  The class rdfs:Literal is the class of literal values such as 

strings and integers.  
−  Property values such as textual strings are examples of RDF 

literals.  
−  Literals may be plain or typed. A typed literal is an instance of 

a datatype class. This specification does not define the class of 
plain literals.  

16 

The RDF Concepts and Abstract Syntax 

−  rdfs:Datatype 
−  rdfs:Datatype is the class of datatypes.  
− All instances of rdfs:Datatype correspond to the RDF 

model of a datatype described in the RDF Concepts 
specification. 

−  rdf:Property 
−   rdf:Property is the class of RDF properties. rdf:Property 

is an instance of rdfs:Class.  
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Property definition in RDFS  

−  The RDF Concepts and Abstract Syntax specification 
describes the concept of an RDF property as a relation 
between subject resources and object resources.  

−  This specification also defines the concept of subproperty. 
−  The rdfs:subPropertyOf property may be used to state that 

one property is a subproperty of another.  
−  The basic facilities provided by rdfs:domain and rdfs:range 

do not provide any direct way to indicate property 
restrictions that are local to a class.  

18 

Property definition in RDFS 

−  rdfs:range 
−  rdfs:range is an instance of rdf:Property that is used to 

state that the values of a property are instances of one 
or more classes. 

−  rdfs:domain 
−  rdfs:domain is an instance of rdf:Property that is used to 

state that any resource that has a given property is an 
instance of one or more classes. 

−  More detailed syntax definitions are available at:  
−  http://www.w3.org/TR/rdf-schema/   

−  You need to be familiar with them but don’t need to 
remember all of them.  
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Example- RDFS/XML serialisation 

20 

Example - class hierarchy  

Source: http://www.w3.org/TR/2000/CR-rdf-schema-20000327/ 
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Ontologies (OWL) 

−  RDFS is useful, but does not solve all possible requirements 
−  Complex applications may want more possibilities: 
−  similarity and/or differences of terms (properties or classes) 
−  construct classes, not just name them 
−  can a program reason about some terms? e.g.: 
−  “if «Person» resources «A» and «B» have the same «foaf:email» 

property, then «A» and «B» are identical” 
−  These type of requirments has lead to the development of 

OWL (Web Ontology Language). 

Source: Introduction to the Semantic Web, Ivan Herman, W3C 
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OWL classes can be “enumerated” 

The OWL solution, where possible content is 
explicitly listed: 

source: Introduction to the Semantic Web, Ivan Herman, W3C 
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OWL- Simple Classes and Individuals 

− An important use of an ontology will depend on 
the ability to reason about individuals.  
− This requires a mechanism to describe the classes that 

individuals belong to and the properties that they inherit 
by virtue of class membership.  

− We can always assert specific properties about 
individuals, but much of the power of ontologies comes 
from class-based reasoning.  

− Sometimes we want to emphasize the distinction 
between a class as an object and a class as a set 
containing elements.  
− The set of individuals that are members of a class are 

called the extension of the class.  

24 

Simple Named Classes 

−  Every individual in the OWL world is a member of the class 
owl:Thing.  

−  Named classes 
−  Example: 
<owl:Class rdf:ID=“Staff"/>  
<owl:Class rdf:ID=“Researcher"/> 
<owl:Class rdf:ID=“Academic"/> 

 
−  The fundamental taxonomic constructor for classes is 

rdfs:subClassOf.  
−  Example: 

 
<owl:Class rdf:ID=“Researcher">  

 <rdfs:subClassOf rdf:resource="#Staff" />  
 ...  

</owl:Class>   
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Individuals 

−  Individuals enable us to describe members of a 
class.  

− An individual is minimally introduced by declaring 
it to be a member of a class.  

<owl:Thing rdf:ID=“Postdoc" />  
 <owl:Thing rdf:about="#Postdoc">  
  <rdf:type rdf:resource="#Researcher"/> 
 … 

 </owl:Thing>  

- rdf:type is an RDF property that ties an individual 
to a class of which it is a member.  

26 

Classes vs. Individuals 

−  There are important issues regarding the distinction between a class and 
an individual in OWL.  
−  A class is simply a name and collection of properties that describe a set of 

individuals. Individuals are the members of those sets.  
−  Classes should correspond to naturally occurring sets of things in a domain of 

discourse, and individuals should correspond to actual entities that can be 
grouped into these classes.  

−  In building ontologies, this distinction is frequently blurred in two ways:  
−  Levels of representation: In certain contexts something that is obviously a class 

can itself be considered an instance of something else.  
−  For example, in the university ontology we have the notion of a Researcher. 

Postdoc is an example instance of this class. However, Postdoc could itself 
be considered a class, the set of all actual researchers that work as a 
postdoctoral research fellow.  

−  Subclass vs. instance: It is also very easy to confuse the instance-of 
relationship with the subclass relationship. 
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Simple Properties  

−  “This world of classes and individuals would be 
pretty uninteresting if we could only define 
taxonomies.”  

− Properties allow asserting general facts about the 
members of classes and defining specific facts 
about individuals. 

− A property is a binary relation.  
− Two types of properties are distinguished:  
− datatype properties, relations between instances of 

classes and RDF literals and XML Schema datatypes  
− object properties, relations between instances of two 

classes.  

28 

Simple Properties- Example 

<owl:ObjectProperty rdf:ID=“hasSupervisor"> 
<rdfs:domain rdf:resource="# PhDStudent "/> 
<rdfs:range rdf:resource="#Academic"/> 

</owl:ObjectProperty>  
 

<owl:ObjectProperty rdf:ID=“demonstratedBy">  
 <rdfs:domain rdf:resource="#Lab" />  
 <rdfs:range rdf:resource="#PhDStudent" /> 

</owl:ObjectProperty>  
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Simple Properties- Example 

- Using DatatypeProperty 
 
<owl:Class rdf:ID=“hasName" />  
<owl:DatatypeProperty rdf:ID=“nameValue">   

 <rdfs:domain rdf:resource="#PhDStudent" />  
 <rdfs:range rdf:resource="&xsd; string"/> 

</owl:DatatypeProperty>  

30 

Simple Properties- Constraints 

<owl:Class rdf:ID=“PhDStudent">  
 <rdfs:subClassOf  rdf:resource=“#DeptMembers"/> 
<rdfs:subClassOf>  

 <owl:Restriction>  
  <owl:onProperty rdf:resource="#hasSupervisor"/> 

 <owl:minCardinality      
          rdf:datatype="&xsd;nonNegativeInteger">1 

  </owl:minCardinality>  
</owl:Restriction>  

</rdfs:subClassOf>  
...  

</owl:Class>  
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RDFS and OWL 

−  In RDFS you can not define disjoint classes.  
− RDFS cannot build new classes using boolean 

combinations; e.g. unionOf, intersectionOf 
− RDFS does not support specifciation of 

cardinality. 
− OWL supports special charactersitivs of properties 

such as defining symmetric and inverse 
properties.  

32 

How to develop an ontology 

Ontology Engineering 

Image source: http://lsdis.cs.uga.edu/.../report/Report2006.html  

This section is adapted from Ontology Development, Methodologies for ontology 

engineering, Gabor Nagypal, in Semantic Web Services, R.Studer et al, Springer.    
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Ontology development 

− Development of an ontology in terms of 
complexity is similar to software design. 

− Knowing the notations is not enough. You also 
need to have a methodology.  

− There are different activities in designing an 
ontology: 
− Management activities  
− Development-oriented activities 
− Support activities 

34 

Management Activities 

−  Scheduling: identifying tasks to be performed, order of 
tasks, dependencies, time and resource allocation 

−  Control: to guarantee that the task are performed in a way 
that is defined by the scheduling activity.  

−  Quality Assurance: assures the quality of produced 
artefacts (in this case: ontology, documentation, and 
supporting software) 
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Development-oriented Activities 

− Pre-development activities 
− Environment study: where the ontology will be used, 

types of users, etc. 
− Feasibility study: whether it is possible and whether it is 

feasible to develop the ontology in the given 
environment. 

36 

Development-oriented Activities 

−  Development activities 
−  Specification: results in the ontology specification document. 
−  Conceptualisation: creates a model of relevant domain knowledge; 

it can be in any form that is understood and accepted by domain 
experts; usually it is not suitable for reasoning. 

−  Formalisation: choosing a suitable formalism (e.g. First Order Logic 
(FOL), Description Logic (DL)) and transforming the conceptual 
model into the chosen formalism. 

−  Implementation: Codifying the formal representation using an 
ontology language (e.g. OWL-DL)   
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Post-development activities 

− Maintenance 
− usually ontologies evolve constantly;  
− ontology change management 

−  Use and re-use  
− the ontology is used by different users/application;  
− can be also re-used as a part of other ontologies 

38 

Support Activities 

−  Knowledge acquisition 
− Extracting knowledge from various sources (domain expert 

knowledge, existing documents, and external ontologies) 
− Part of ontology learning can happen automatically; this is 

called ontology learning. 
− Evaluation 
− Verification 
− Validation 

−  Integration: searching for related ontologies;  
− Ontology merging 
− Ontology alignment 

− Documentation 
− Configuration management 
− Version tracking 
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Creating ontologies 

−  Manually – expert knowledge, domain models 
−  (semi-) automatically 
−  Ontology learning or Ontology bootstrapping  

− automatically generating concepts and their relations in a given 
domain.  

−  It is a technique for semi-automated ontology construction.  
− Bootstrapping an ontology can be based on a set of predefined 

textual sources, such as web services.  
−  The (semi-) automatic approaches for ontology 

bootstrapping can be categorised as: 
−  Supervised machine learning approaches which require a large 

number of training examples. 
−  Natural Language Processing (NLP based methods) are based 

on rules that analyse patterns based on syntactic categories. 
−  Statistical clustering methods can be used to partition data-

sets and categorising labels for clusters and creation of new 
taxonomies.   

40 

Ontology Learning 

§  Learning terminological ontologies (different from 
concepts hierarchies) out of unstructured text 

§  The task can be decomposed into: concept 
extraction and relation learning 

§  Using probabilistic approaches and information 
theory principle for concept relationship 

§  Learning relations defined in the SKOS model 
§  “Broader”, can be seen as equivalent to subsumption 

relation 
§  “Related”, quite ambiguous 
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Ontology Learning - sample 

42 

Ontology Matching 

−  Ontology matching, is the process of determining 
correspondences between concepts. A set of correspondences is 
also called an alignment.  

−  To match entities from different ontologies, a main source of 
difficulty is that ontologies are designed with various background 
knowledge and often in different contexts. This background 
knowledge does not usually become a part of the ontology 
specification and thus is not available to matchers. 

−  there are different kinds of basic data that are used by most of 
the ontology matching methods:  
−  lexical (or linguistic) information,  
−  structural information, 
−  semantic information,  
−  external resource information and 
−  individual information. 
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Ontology design principals 

−  Philosophical principals 
−  Clarity 
−  understandable not only for machines but also for humans.  

−  Coherence 
−  consistency of formal and informal layers of ontology (axioms vs. natural 

language documentation and labels).  
−  Extendibility 
−  Minimal coding bias 
−  specification of ontologies should remain at the knowledge level (if it is 

possible) without depending on a particular symbol-level encoding.  
−  Minimal ontological commitment 
−  defining only those terms that are essential to the communication of 

knowledge consistent theory.  
−  Proper sub-concept taxonomies 

44 

Ontology design principals 

−  Technical Principles 
−  Define and use of naming conventions 
− Capitalisation 

−  It is a common convention to begin concept names with capital, instance 
and property names with non-capital letters. 

− Delimiters 
−  Common conventions are using space or “-” or writing names in 

CamleCase which eliminates the need for delimiters.  

− Singular or plural 
−  It is common to use the singular form in the concept names. 

−  .. 
−  Scoping the ontology 
−  Introducing new entities 
−  Introduce a new concept only if it is significant for the problem 

domain. 
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Ontology design principals 

− Optimal number of sub-concepts 
− New concept or property value 
− Concept or instance 
− If it is meaningful to speak of a “kind of X” in the target 

domain i.e. the entity represents a set of something, make X 
a concept. Otherwise X should be an instant. 

− Document your ontologies 
− Represent disjoint and exhaustive knowledge explicitly   
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Some good existing models:  
SSN Ontology 

Ontology Link: http://www.w3.org/2005/Incubator/ssn/ssnx/ssn 

M. Compton et al, "The SSN Ontology of the W3C Semantic Sensor Network Incubator Group", Journal of Web Semantics, 2012. 
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Several ontologies and description models 

47 

48 

But why don’t we still have fully 
integrated semantic solutions? 
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We have good models and description 
frameworks;  
 
The problem is that having good 
models and developing ontologies is 
not enough.  

50 

Semantic descriptions are intermediary 
solutions, not the end product.   
 
They should be transparent to the end-
user and probably to the data producer 
as well.   
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Publishing Semantic annotations 

− We need a model (ontology) – this is often the easy part 
for a single application.  

−  Interoperability between the models is a big issue.  
− Express-ability vs Complexity is a challenge. 

− How and where to add the semantics 
− Where to publish and store them 
− Semantic descriptions for data, streams, devices 

(resources) and entities that are represented by the 
devices, and description of the services.  

51 

52 

Simplicity can be very useful… 
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Hyper/CAT 

53 Source: Toby Jaffey, HyperCat Consortium, http://www.hypercat.io/standard.html 

- Servers provide catalogues of resources to 
clients. 
 
- A catalogue is an array of URIs.   

 
- Each resource in the catalogue is annotated 
with metadata (RDF-like triples).   

 

Hyper/CAT model 

54 Source: Toby Jaffey, HyperCat Consortium, http://www.hypercat.io/standard.html 
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Complex models are (sometimes) good 
for publishing research papers…. 
 
But they are often difficult to 
implement and use in real world 
products.   

What happens afterwards is more important 

− How to index and query the annotated data 
− How to make the publication suitable for constrained 

environments and/or allow them to scale 
− How to query them (considering the fact that here we are 

dealing with live data and often reducing the processing 
time and latency is crucial) 

−  Linking to other sources 

56 
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The mobile applications and web  
services can  be dynamic, online and rapidly  
changing world 

57 

isPartOf 

Annotation for the (Semantic) Web 

Annotation for the dynamic environments 

Image sources: ABC Australia and 2dolphins.com  
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Creating common vocabularies and 
taxonomies are also equally important  
e.g.  event taxonomies.  
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We should accept the fact that 
sometimes we do not need (full) 
semantic descriptions. 
 
Think of the applications and use-cases 
before starting to annotate the data.   
 

60 

Semantic descriptions can be fairly 
static on the Web;  
 
In the ubiquitous environments, the 
meaning of data and the annotations 
can change over time/space… 
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Static Semantics 

61 

Dynamic Semantics 

<iot:measurement> 
<iot:type> temp</iot:type> 
<iot:unit>Celsius</iot:unit> 
<time>12:30:23UTC</time> 
<iot:accuracy>80%</iot:accuracy> 
<loc:long>51.2365<loc:lat> 
<loc:lat>0.5703</loc:lat> 
</iot:measurment>  

62 

But this could be a function 
of time and location; 

 
What would be the 

accuracy 5 seconds after 
the measurement? 
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Overall, we need semantic technologies 
to describe heterogeneous data/services 
and resources and these play a key role 
in providing interoperability. 
 

63 

However, we should design and use 
the semantics carefully and 
consider the constraints and 
dynamicity of the ubiqoutots 
environments.  

64 
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A generic framework 

WSN 

WSN 

WSN 

WSN 

WSN 

Network-enabled 
Devices 

Network-enabled 
Devices 

Network services/
storage and 

processing units Data/service access 
at application level 

Data collections and 
processing within the 

networks 

Query/access 
to raw data 

Or  
Higher-level  
abstractions 

MW 

MW 

MW Data  
streams 

65 

10 Ontology Design Rules for ubiquitous 
applications and services! 

66 
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#1: Design for large-scale and provide tools and 
APIs. 
 
#2: Think of who will use the semantics and how 
when you design your models. 
 
#3: Provide means to update and change the 
semantic annotations. 
 
 

67 

 #4: Create tools for validation and interoperability 
testing.  
 
#5: Create taxonomies and vocabularies. 
 
#6: Of course you can always create a better 
model, but try to re-use existing ones as much as 
you can. 
 
 

68 
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 #7: Link your data and descriptions to other 
existing resources.  
 
#8: Define rules and/or best practices for providing 
the values for each attribute. 
 
#9: Remember the widely used semantic 
descriptions on the Web are simple ones like 
FOAF. 
 
 

69 

 #10: Semantics are only one part of the solution 
and often not the end-product so the focus of the 
design should be on creating effective methods, 
tools and APIs to handle and process the 
semantics.  
 
Query methods, machine learning, reasoning and 
data analysis techniques and methods should be 
able to effectively use these semantics.      

70 

In Conclusion 
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Exercise 1: 

−  Draw the class hierarchy diagram for the following RDF/XML code.  

72 

Exercise 2: 

− Design an ontology to describe deployment of a 
network of sensors. 
− Define your main namespace as SSN 
− A deployment of a system is the created by defining an 

instance of the ssn:Deployment class.  
− A Platform can be used for multiple sensors.  
− Draw a diagram and show main classes and their 

relationships.  
− Some suggestions and a list of class/property 

suggestions are shown in the following slides.  
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Exercise 2: Continued 

− Some suggestions for classes and properties: 
− The ssn:Sensor class in the ontology can provide the 

structure to represent a concrete sensing object.  
− Sensor can represent any object with the sensing capability 

(e.g., in some cases a human observer can be also a 
sensor). However, in many scenarios the sensors are 
devices.  
− The ssn:Device class describes a device and inherits all the 

properties of the ssn:System class.  
− ssn:hasDeployment: Points to deployment description of 

sensor expressed as an instance of the ssn:Deployment 
class.  
− The description of a Deployment refers to ssn:System and 

it is also a subclass of ssn:DeploymentRelatedProcess and 
inherits all the properties from this class.  

74 

Exercise 2: Continued 

−  The ssn:DeploymentRelatedProcess class groups various 
Processes related to Deployment. For example, it includes 
installation, maintenance and deployment features.  

−  The ssn:System class for parts of a sensing infrastructure. A 
system has components, its subsystems, which are other 
systems. A system is deployed on a Platform.  

−  ssn:deployedOnPlatform points to platform on which the 
system is deployed.  

−  ssn:Platform includes different components that can be 
attached to Sensor and also different features such as 
measurement properties, operating properties and system 
settings.  

−  ssn:deployedSystem provides relation between a deployment 
and a deployed system.  
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Exercise 2: Continued 
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Questions? 
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