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1 Introduction 1 

Although Service Oriented Architectures (SOAs) have gathered more attention within Business 2 
Organizations, for a long time there was still no clear understanding of what an SOA in fact is. SOA was 3 
consequently defined in the SOA Reference Model [1] . However, with the emerging Semantic Web 4 
technologies, in particular Semantic Web Services (SWSs), new breeds of SOAs are being developed: 5 
Semantic Service Oriented Architectures (SSOA). SSOA use semantic technologies to further solve 6 
problems that SOAs are limited by. They provide a means to further automate important SOA features, 7 
such as discovery, composition and interoperability of and between services.  8 
Different SSOAs are currently being developed in the research community, which have common features 9 
to one other. The purpose of this document is thus to define a common reference model for SSOAs. This 10 
model will be defined formally using an ontology. Thus this reference ontology will serve as a reference 11 
point for different implementations of SSOAs. 12 
 13 

 14 
Figure 1-1 - The Reference Ontology and how it relates to other work 15 

Figure 1-1 depicts how the Reference Ontology relates to other pieces of work within the SOA 16 
community. The figure is derived from Figure 1 in the SOA Reference Model document [1]  and 17 
introduces the Reference Ontology alongside the Reference Model element. Our Reference Ontology is a 18 
further step towards formalization of the Reference Model but also accommodates the extensions 19 
associated with Semantic Web Services resulting in Semantic SOAs. Since we have started work, the 20 
SOA-RM committee have also started work on a Reference Architecture, but we shall take this to mean 21 
our own Semantic SOA Reference Architecture, and Concrete Architectures refer to implementations of 22 
semantics-enabled SOAs such as WSMX [2] , IRS III [3] and METEOR-S [4] . The Related Models 23 
include the Web Service Modeling Ontology (WSMO) [5] , Semantic Annotations for WSDL (SA-WSDL) 24 
[6] the Web Ontology Language for Services (OWL-S) [7] and the Semantic Web Services Ontology 25 
(SWSO) [8] .   26 
As for plain SOA, Patterns define more specific categories for SSOA designs. The Protocols and Profiles 27 
(those considered as part of the related work) are the same as for classical SOAs. However, with respect 28 
to Specifications and Standards, we further take into account emerging Semantic Web Languages such 29 
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as WSML, RDF, OWL, RIF and SWSL. These de-facto “standards” play a very important role since they 30 
are the pillars of Semantic Technologies. The Input features (Requirements, Motivation and Goals) are 31 
the same as for SOAs, with the addition that we have more emphasize on automation, as stated earlier. 32 

1.1 Motivation and Scope 33 

Why introduce Semantics? What are Semantics anyway? With the term “Semantic” we mean the formal 34 
(and thus unambiguous) description of some particular object (more in Section 2). Within our context, 35 
these objects are mainly the data handled by the services and the services themselves. Semantic 36 
descriptions within SOAs allow reasoning tools to automate tasks. More specifically, semantics help in the 37 
following ways: 38 

• Formally and unambiguously define the data models and processes underlying the system 39 
• Allow automated discovery and composition of services 40 
• Automatically resolve data and process mismatches, easing integration and improving 41 

interoperability 42 
• Ease the process of service ranking, negotiation and contracting 43 

The scope of this document is therefore to provide an ontology that formally describes the different 44 
elements comprising a SSOA in order to achieve the objectives above. 45 

1.2 Audience 46 

The target audience for this document extends that of the SOA RM; however we provide an exhaustive 47 
list in order to keep the document self-contained: 48 
 49 

• Architects and developers designing, identifying or developing a system based on the Service-50 
oriented paradigm; 51 

• Standards architects and analysts developing specifications that rely on Service Oriented 52 
Architecture concepts; 53 

• Decision makers seeking a "consistent and common" understanding of Service Oriented 54 
Architectures; 55 

• Users who need a better understanding of the concepts and benefits of Service Oriented 56 
Architectures; 57 

• Academics and researchers that are researching within the Semantic Web and Semantic Web 58 
Service communities; 59 

• I.T. consultants that provide businesses with support on Semantic technologies and SOAs in 60 
general 61 

1.3 Guide to this Document 62 

It is assumed that readers who are not familiar with SOA concepts and terminologies read first the SOA 63 
Reference Model [1] document since this document builds on top of its concepts. Furthermore, readers 64 
who are new to the concept of Semantic Technologies are encouraged to read this document in its 65 
entirety.  66 
This section introduces the Semantic SOA Reference Ontology and how it relates to other work (in 67 
particular the SOA RM). It defines the audience and also provides a description of the notational 68 
conventions used in this document. Both of these elements are important in order for the reader to 69 
understand the content of the rest of the document. 70 
Section 2 provides an overview of Semantics and how they interrelate with SOAs. It starts by describing 71 
the deficiencies of the classical SOA and the problems in building them. It then continues with examples 72 
and situations of how Semantic Technologies can help to overcome these deficiencies. This section 73 
strengthens the motivations and objectives already described in this section.  74 
Section 3 describes the SOA Reference Model [1]  and builds on top of this by introducing new key 75 
concepts required for SSOAs. It first describes what we understand by a service followed by the dynamics 76 
of a service – how the service is perceived by the real world. Other related concepts are also described 77 
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(including, for example, the behavior of the web service). This section shows the differences between the 78 
classical SOA RM and the SSOA RM and provides the necessary building blocks for specifying the 79 
Reference Ontology. 80 
Section 4 defines the Reference Ontology for SSOAs. The ontology is first described using concept maps 81 
and UML Diagrams (notation described in Section 1.4 below). It is then formally described using WSML in 82 
Appendix B. Note that any other Ontology language (e.g. OWL) can be used to define such an Ontology. 83 
We chose WSML since it provides an easy to use syntax and provides different language variants for 84 
different types of logical expressivity. 85 
The glossary provides definitions of terms that are relied upon within the document. Terms that are 86 
defined in the glossary are marked in bold at their first occurrence in the document. 87 
Note that while the concepts and relationships described in this document may apply to other “service” 88 
environments, the definitions and descriptions contained herein focus on the field of software 89 
architectures and make no attempt to completely account for their use outside of the software domain. 90 
Examples included in this document, which are taken from a variety of domains, are used strictly for 91 
illustrative purposes. 92 

1.4 Notational Conventions 93 

The keywords MUST, MUST NOT, REQUIRED, SHALL, SHALL NOT, SHOULD, SHOULD NOT, 94 
RECOMMENDED, MAY, and OPTIONAL that appear in this document are to be interpreted as described 95 
in [RFC2119 – need reference]. 96 

1.4.1 Concept Maps 97 

The concept map notation used in this document is the same as for that in the SOA RM; however we give 98 
a brief description here to keep the document self-contained. 99 
There is no normative convention for interpreting Concept maps and other than described herein, no 100 
detailed information can be derived from the concept maps. 101 
 102 

 103 
Figure 1-2 - A basic Concept Map 104 

As used in this document, a line between two concepts represents a relationship whereby the relationship 105 
is not labeled but rather is described in the text immediately preceding or following the figure. The arrow 106 
on a line indicates an asymmetrical relationship, where the concept to which the arrow points can be 107 
interpreted as depending in some way on the concept from which the line originates. The text 108 
accompanying each graphic describes the nature of each relationship. 109 

1.4.2 Ontologies 110 

Within the body text of this document we use UML Class Diagrams to illustrate the ontology.  The formal 111 
definitions are however made in WSML.  This is for two reasons: first, we must use a language with well-112 
founded semantics, capable of machine reasoning – the general motivation of work in the Semantic Web 113 
that has produced several ontology languages; secondly we need a language that allows us to attach 114 
elements of this model to SWS elements, including goals, and WSML is the only language that allows 115 
this.   116 
Specifically, this document sticks to the ontology definition facilities of WSML.  The Reference 117 
Architecture will attach Reference Ontology concepts to goal descriptions to allow the characterization of 118 
the components of a Semantic Execution Environment (the core services of a SSOA).  The Execution 119 
Scenarios will attach Reference Ontology concepts, and Reference Architecture goals, to service 120 
descriptions to illustrate how the SEE components can work together to achieve common tasks.  Finally, 121 
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concrete architectures may be defined by linking concrete services to the goals from the Reference 122 
Architecture. 123 
In the remainder of this section we sketch the relationship between UML Class Diagrams, as used within 124 
the text, to WSML descriptions.  In the following section we reproduce these definitions. 125 

Concepts 126 

The fundamental feature of Class Diagrams – and indeed Object-oriented design (OOD), which is the real 127 
target of UML – are classes, which are shown as square boxes with their identifier listed inside.  We use 128 
UML classes to represent WSML concepts.  Where the namespace into which concepts are defined is 129 
clear, we allow ourselves to omit this information in the Class Diagram.  Where different namespaces are 130 
used, we use the notation for packages to make the namespace clear. 131 
Figure 1-3 hence corresponds with Listing 1.   132 
 133 

concept A 134 
 135 
concept _”http://www.example.com/ontologies/ns1#B” 136 

Listing 1: Example Concepts in WSML 137 

 138 

 139 
Figure 1-3: Representation of WSML Example Concepts in UML Class Diagram 140 

 141 
While UML Class Diagrams allow the definition of operations and attributes within classes, we choose not 142 
to use these and always show classes with an undivided box.  Regarding the representation of attributes 143 
of WSML concepts, see below. 144 

Subsumption 145 

The fundamental relationship between concepts in WSML is subsumption.  This is represented by 146 
inheritance in UML Class Diagrams. Since we declare no operations there are thus no unwanted side-147 
effects due to UML/OOD semantics; in particular there are no complications in the use of multiple parents 148 
for a given concept. 149 
Figure 1-4 hence corresponds with Listing 1. 150 
  151 

concept A 152 
 153 
concept B subConceptOf A 154 
 155 
concept C 156 
 157 
concept D subConceptOf {A, C} 158 

Listing 2: Example of Subsumption between Concepts in WSML 159 

 160 
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 161 
Figure 1-4: Representation of Subsumption Example in UML Class Diagram 162 

Attributes 163 

The other explicit relationship between concepts in WSML is via attributes.  These are represented by 164 
(directed) associations in UML Class Diagrams, which is to say associations with a one-way navigability, 165 
so that the innavigable side of the association (or, more correctly, the end of unspecified navigability) is 166 
the concept whose definition includes the attribute, and the other side the attribute range.  The name of 167 
the association will be the name of the attribute; where the attribute name is the default ‘hasA’, where ‘a’ 168 
is the name of the concept that is the attribute range, we shall often omit this.  Cardinality constraints are 169 
represented, where possible, by a constraint on the association.  Figure 1-5 hence corresponds with 170 
Listing 3. 171 
 172 

concept E 173 
 174 
concept F 175 

hasE ofType (0, 1) E 176 
 177 
concept G 178 
  hasEorF ofType EorF 179 
 180 
concept EorF 181 
 182 
axiom anEisEorF definedBy 183 
 ?e memberOf E implies 184 
 ?e memberOf EorF. 185 
 186 
axiom anFisEorF definedBy 187 
 ?f memberOf F implies 188 
 ?f memberOf EorF. 189 
 190 

Listing 3: Example of Attributes between WSML Concepts 191 

 192 
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 193 
Figure 1-5: Representation of Attributes Example in UML Class Diagram 194 

We also make use of disjunctive attribute ranges by way of an intentionally-defined union class, as shown 195 
by attEorH of concept G. 196 
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2 Semantics and SOA 197 

As introduced in the Reference Model for Service Oriented Architecture (SOA-RM) committee 198 
specification, the notion of Service Oriented Architecture has received a lot of attention in the software 199 
design and development community. Service Oriented Architectures provides an architectural mechanism 200 
for building applications from unassociated units of functionality called services that have no calls to one 201 
another embedded within them. In other words SOA is an architecture that enables an application 202 
developer to build an application from loosely coupled services, allowing applications to respond more 203 
quickly to changes in market conditions and improving the reusability, modularity, composability and 204 
interoperability of functionality that an engineer develops when building an application. 205 
Sadly building Service Oriented Architectures using existing services involves large amounts of human 206 
effort in the process of finding and using these services. This human effort is due to the fact that 207 
standards for describing services, for example the Web Service Description Language (WSDL), are 208 
purely syntactic in nature and thus no automated support for finding and using pre-existing services can 209 
be created. When building an application using SOA the engineer is looking for Web services that are 210 
available, either within his company’s repository of services or on the Web at large that can fulfill a given 211 
piece of functionality. Each time the engineer identifies a location where a service invocation is required 212 
he must find candidate services that can fill this slot by browsing in UDDI and ebXML repositories. As 213 
these repositories are syntactic in nature the engineer will perform keyword matches against the services 214 
available in the repository and select candidates by reading the textual descriptions provided in these 215 
repositories, if there are any. Having selected some candidates the engineer must obtain the associated 216 
WSDL documents for each of the Web services and begin the process of understanding the endpoints 217 
that are made available by each service in terms of the functionality they perform, the inputs that they 218 
expect and the outputs that the provide. The engineer may need to get in contact with the providers of the 219 
Web service to clarify the functionality offered by the service or perform test invocations against the 220 
service to check the behavior of the service. Finally the engineer will make a selection of one or more 221 
services that can fulfill the job and add them to his application.  222 
Not only is this process human intensive, but the solution that arises from it is not exactly the adaptable 223 
decoupled architecture that Service Oriented Architectures promise. Imagine the scenario where a new 224 
service comes on the market after the engineer has selected and integrated candidate services into the 225 
application. This new service has better functionality than existing services and is also available at a 226 
lower price. This service will never be available to the application, and thus to the end-users of the 227 
application, unless the engineer finds the service, interprets its function, and integrates it into the 228 
application. A similar scenario involves the case where the selected service(s) for a given piece of core 229 
functionality within the application are not available due to being overloaded, offline for maintenance or 230 
are discontinued. Essentially the application as a whole will not function until the engineer has found and 231 
integrated an alternate Web service for this functionality. 232 

2.1 Semantics 233 

The main limitation of SOA as mentioned above is that the standards that are used for describing Web 234 
services are purely syntactic in nature and thus large amounts of human effort are required to perform 235 
tasks like finding services; But what is the alternative to syntactic descriptions? Semantics is the study of 236 
meaning and a semantic description offers the opportunity of providing an unambiguous mechanism for 237 
describing things. Semantics comes in many forms, some of which may already be familiar to you. Very 238 
light forms of semantics include annotations or tags that can be placed on an entity in order to give a 239 
semantic description of what that thing is. Annotations or tags can be seen in action on sites like 240 
flickr.com, where they are used for denoting what content appears in a particular picture or what a picture 241 
is about. Of course the semantics of these annotations is very light and to bring more semantic meaning 242 
to the annotations being used taxonomies can be introduced. Such structures give a mechanism for 243 
providing a controlled vocabulary of terms, i.e. a controlled set of annotations) and the relationship 244 
between them. For example we can state that the term banana is sub class of the term fruit. This 245 
additional semantic information enables us to reason about the semantic descriptions we have and make 246 
decisions based on the semantic descriptions, for example the query “show me all photos containing a 247 
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piece of fruit” is posed, them those pictures that are annotated with the term banana would be found, as 248 
banana is a subclass of fruit. To add more semantics we can go even further and allow logical 249 
expressions to be added to taxonomies to turn them into ontologies, such that more complicated 250 
relationships between entities can be expressed. The addition of axiomatic information in this way also 251 
allows for much more sophisticated reasoning to take place and for nre information to be inferred for 252 
existing information, for example the axiom “all fruit is edible” placed in a reasoner with the previous 253 
example would allow the fact “bananas are edible” to be inferred and thus queries like “show me all 254 
photos containing things that are edible” would find pictures of bananas. 255 

2.2 Applying Semantics to SOA 256 

Semantic Web Services are the extension of ontologies to describe Web services in such a way that a 257 
machine can reason about the functionality they provide, the mechanism to invoke them, and the data 258 
they expect as input and return as output. In other words each Web service that currently has a syntactic 259 
description in the form of a WSDL document will also have a semantic description in some formalism 260 
once it becomes a Semantic Web Service, in this way it can be seen that Semantic Web Services are not 261 
a reinvention of Web services but an enhancement to them. In order to effectively describe Web services 262 
semantically we need to have an understanding of what elements need to be modeled within our 263 
semantic description. Within this document you will find the Reference Ontology for Service Oriented 264 
Architectures, which provides such a description of what elements need to be modelled in order to 265 
effectively describe Web services semantically and build Semantically Enabled Service-oriented 266 
Architectures. 267 
Once Web services are described semantically it allows for many of the tasks performed by the engineer 268 
in building and maintaining and application using SOA to be automated. For example, services can be 269 
discovered based upon the functionality they advertise in their semantic description, can be selected 270 
based upon the advertised (or observed) quality of the service, heterogeneity issues with respect to the 271 
data they exchange or the process to invoke them can be mediated. This allows for the Service Oriented 272 
Architecture, now extended with semantic descriptions to create a Semantically Enabled Service-oriented 273 
Architecture (SESA), to dynamically bind to services at run time, removing the hard wired behavior that 274 
we see in current applications. When new services appear on the market that fulfill functionality needed 275 
by the application, they will be considered alongside existing services that are being used already by the 276 
application and may be selected over these existing services based on the requirements of the 277 
application. Also if a given service that is usually used by the application is no longer available, it can be 278 
replaced by another service that fulfills the same function. 279 
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3 Overview of SOA-RM 280 

The notion of Service Oriented Architecture has been greatly used in the last couple of years in the 281 
software design and development communities. Yet, the various and very often conflicting definitions and 282 
terminology for SOA and its elements could hamper the adoption process and threaten the success and 283 
the impact of this technology. In order to provide a standard reference point in the design and 284 
implementation of SOAs the OASIS SOA-RM Technical Committee1 proposes an abstract framework for 285 
understanding the main entities and the relationships between them within a services oriented 286 
environment [1] .  287 
The resulting specification is a SOA Reference Model (SOA-RM), which is not directly dependent of any 288 
standards, technologies and implementation details. Its goal is to define the essence of service oriented 289 
architecture, a normative vocabulary and a common understanding of SOA. The Reference Ontology 290 
takes this reference model as a starting point in defining the main aspects of a semantically-enabled 291 
Service Oriented Architecture and it specifies how the normative elements of the SOA-RM can be 292 
augmented with semantics. As a consequence this section gives a brief overview of the SOA-RM, along 293 
the several aspects it covers: the notion of service, the dynamics of service and the service-related 294 
concepts such as service description, service execution context and service contracts and policies.  295 

3.1 What is a service?  296 

SOA-RM defines a service as “…a mechanism to enable access to one or more capabilities, where the 297 
access is provided using a prescribed interface and is exercised consistent with constraints and policies 298 
as specified by the service description.” It identifies four main aspects regarding the service that have to 299 
be considered in any SOA: 300 

• A service enables access to one or more capabilities. 301 
• A service enables access through a prescribed interface. 302 
• A service is opaque to the service consumer except from the information and behavioral models 303 

in the interface and the information required to asses if a service suits the requester needs. 304 
• Consequences of invoking a service should be either response information to the invocation or a 305 

change to the shared state of the defined interface. 306 
It is important to not that SOA-RM makes a clear distinction between the capability of a service (i.e. some 307 
functionality created to address a need) and the point of access where the capability can be consumed in 308 
the context of SOA.  309 

3.2 Dynamics of Services 310 

SOA-RM also provides guidelines regarding the interactions of the requester with a service.  As such, it 311 
identifies three fundamental concepts related with dynamics of the service: Visibility, Interaction and Real 312 
World Effect (see Figure 3-1). 313 

                                                     
 
 
 
 
 
 
1 For more details, see http://www.oasis-open.org/committees/soa-rm.  
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 314 
Figure 3-1. Fundamental Concepts of Service Dynamics (from [1] ) 315 

Visibility in terms of SOA-RM is characterized in terms of Awareness, Willingness and Reachability (see 316 
Figure 3-2) where:  317 

• Awareness is the state whereby the service requester is aware of the service provider or the 318 
other way around. It is normally achieved by having either the requester or the provider 319 
discovering the information the other party published in public directory for example. 320 

• Willingness concerns the intent to communicate. Even if the discovery process has been 321 
successful, without willingness to communicate from both requester and provider the interaction 322 
will fail.   323 

• Reachability is the state that characterizes service participants that are able to interact, for 324 
example by exchanging information.  325 

 326 

 327 
Figure 3-2. Service Visibility (adapted from [1] ) 328 

The interaction with a service is reflected by the actions performed on the service, for example 329 
exchanging messages with the services. According to SOA-RM the key concepts affecting the interaction 330 
with a service are (see Figure 3-3): 331 

• Information Model of a service characterizes the information that may be exchanged with the 332 
services and only descriptions of data and information that can be potentially exchanged with the 333 
service are included in the information model. The information model can be also portioned in: 334 

o Structure (Syntax) refers to the representation, structure, and a form of information.  335 
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o Semantics refers to the actual interpretation and intent of the data. Semantics becomes 336 
important especially when interaction occurs across ownership boundaries since the 337 
interpretation of data must be consistent between the participants in a service interaction.  338 

• Behavior Model deals with “knowledge of the actions invoked against the service and the process 339 
or temporal aspects of interacting with the service”. It consists of two distinct aspects: 340 

o The action model characterizes the actions that can be invoked against the service. 341 
Since a great part of the behavior implied by an action is private, the public view of the 342 
service includes the implied effects of actions.  343 

o The process model defines temporal relationships of actions and events associated when 344 
interacting with a service. SOA-RM does not fully define the process model since it could 345 
include aspects that are not strictly part of SOA, e.g. orchestration of services. 346 

 347 
 348 

Figure 3-3. Service Interaction (adapted from [1] ) 349 

The real world effect it is the ultimate purpose associated with the interaction with a particular service. It 350 
can be the response to a request for information or the change in the state of some shared entities 351 
between the participants in the interaction. 352 

3.3 Service Related Concepts 353 

SOA-RM identifies a set of concepts crucial in enabling the interaction between a service consumer and a 354 
service. These concepts are the service description, the service policies and contracts and the execution 355 
context.  356 
The service description encompasses the information needed in order to use the service (see Figure 3-4). 357 
The purpose of the service description is to facilitate the interaction of the visibility especially if the 358 
participants are part of different ownership domains. By using the service description the service 359 
consumer should be able obtain the following items of information:  360 

• That the service is reachable or not.  361 
• That the function the service provides is the function required by the requester 362 
• The set of policies the services operates under.  363 
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• That the service complies with the service consumer’s policies.  364 
• How to interact with the service, including the format and content of the information to be 365 

exchanged as well as the expected sequence of the information exchange. 366 
As a consequence, there are several important aspects that have to be captured by the service 367 
description: the service reachability, the service functionality, the service-related policies, and the service 368 
interface.  369 

• Service reachability is assured by including in the service description enough information to 370 
enable the service providers and services consumers to interact with each other. Such 371 
information could include service metadata (e.g. location, supported or required protocols), 372 
dynamic information about service (e.g. if the service is currently available), etc.  373 

• Service functionality should be unambiguously captured by the service description and it should 374 
contain information about the function of a service and the real world effects that result form it 375 
being invoked. This piece of information should be expressed in a general-enough way to be 376 
understandable by service consumers while in the same time the vocabulary used should be 377 
expressive enough to capture the domain-specific details of the service functionality. Such 378 
information could include a textual description (for humans consumption) or identifiers or 379 
keywords referencing machine-processable definitions.  380 

• Service-related policies should be reflected by the service description in order to enable the 381 
prospective service consumer to determine if the service will act in a manner consistent with 382 
consumer’s own constraints.  383 

• The service interface describes the means to interact with the service. It could include specific 384 
protocols, commands and information exchange by which actions are initiated. It prescribes what 385 
information needs to be provided to the service in order to access its capabilities and interpret 386 
responses. This information is also referred as the information model of the service.  387 

 388 
Figure 3-4. Service Description (from [1] ) 389 

The service policy represents the constraints or the conditions on the use, deployment or description of a 390 
service while a contract is a measurable assertion that governs the requirements and expectations of one 391 
or more parties. Policies potentially apply to various aspects of SOA such as security, manageability, 392 
privacy, etc. but they could also apply to business-oriented aspects, e.g. hours of business. In their turn 393 
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contracts can as well cover a wide range of aspects of services: quality of services agreements, interface 394 
and choreography agreements, commercial agreements, etc.  395 
The execution context represents the set of infrastructure elements, process entities, policy assertion and 396 
agreements associated with a particular service interaction, forming a path between service consumers 397 
and service providers. The execution context it is not limited to one side of the interaction but rather with 398 
the overall interaction which includes the service provider, service consumer and the infrastructure in 399 
between. 400 

 401 
 402 

Figure 3-5. Execution Context (adapted from [1] ) 403 
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4 Reference Ontology for Semantic Service Oriented 404 

Architectures 405 

The reference ontology for Semantic SOA formalises and extends those sections of the SOA 406 
Reference Model described above, as illustrated in Figure 1-1. 407 
 408 
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 409 
Figure 4-1 - Reference Ontology Basis from Reference Model 410 

Oval shapes are used to represent the top-level elements from the SOA Reference Model, rectangles 411 
the others, and those which are shaded are the ones on which we concentrate in the Semantic SOA 412 
Reference Ontology.  Although Execution Context and Contracting and Policy are all important issues 413 
for SOA, they are less mature and ready for standardisation. 414 
In Figure 4-2 we show how we have extended and arranged the Reference Model to enable a 415 
thorough semantic description.  The most notable difference is that we replace the Visibilty concept 416 
with the concept of Mediator.  Visibility is taken as more fundamental to the semantics-driven 417 
approach and shown underlying all concepts.  Secondly, as well as a Service Description we 418 
introduce the first class notion of Goal Description, which is a top-level element like Mediator in our 419 
extended model.  Goal Description is a formal description of the requirements for a service from the 420 
point of view of a consumer.  In this way we can make a first class representation of the more 421 
restricted sense of Visibility, from the SOA RM, and Reachability via Mediator. The more general 422 
concept of mediation is a grouping concept, and represented by a shaded area.  In a similar way, we 423 
group the description of functionality into a concept Capability, and the Behavioural and Information 424 
models, describing Interaction, into a concept Interface. 425 
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 426 
Figure 4-2 - Reference Ontology as Extension of Reference Model 427 

The Reference Ontology is introduced in small pieces over the next sections and the complete Reference 428 
Ontology can be seen in Figure 4-10. 429 

4.1 Visibility 430 

The two fundamental principles of the semantics-based approach are that: all descriptions of services-431 
oriented concepts should be made in an ontology-based formalism; that all ontology-based descriptions 432 
should be capable of being connected via mediation.  For this reason we see visibility, which is the ability 433 
to access a description and thereby the service it represents, as the underlying concept of the entire 434 
approach.  In the following we introduce the concepts and requirements for a formalism to be based on 435 
ontologies. 436 

4.1.1 Ontologies 437 

Ontologies, as introduced in Section 1.4.2, provide the basis for all elements in the Reference Ontology 438 
and contain Concepts, Instances and Axioms. Service Descriptions, Goal Descriptions, and Mediators 439 
can import Ontologies in order to utilize the terminology that they provide. 440 
 441 

 442 
Figure 4-3 - Ontologies and their Contents 443 
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4.1.2 Concepts 444 

Concepts provide a means for describing pieces of terminology and the can be related to each other via 445 
the subclass-superclass relationship (see Subsumption in Section 1.4.2). Concepts also have attributes 446 
that allow other relationships between classes to be captured.  447 

4.1.3 Instances 448 

Instances are identifiable or anonymous members of concepts and provide values to the attributes of 449 
those concepts.  Instances may be explicitly declared as members of concepts of they may be implicit via 450 
axioms. 451 

4.1.4 Axioms and Logical Expressions 452 

Axioms define logical expressions that must hold over all contents of their containing ontology in order for 453 
this to be consistent.  These can be used to support an explicit style of modelling, where instances and 454 
their concept memberships are declared explicitly and axioms merely constrain their allowed membership 455 
and attribute values (cf. relational database constraints), or intentionally, where concepts may be implicitly 456 
populated via axioms. 457 

4.2 Service Description 458 

SOA RM requires: “The service description represents the information needed in order to use a service.” 459 
In the Semantic SOA Reference Ontology, these core service descriptions represent a core element in 460 
defining Semantic Web Services, which we aim to support automated reasoning over by the use of 461 
semantic technologies. Therefore semantic descriptions are associated to all resources, thus services as 462 
well. The semantic descriptions are grounded to concrete service realizations, such as once the semantic 463 
description is known the implementation of the service can be found as well.   464 
It is important to point out that the Semantic SOA Reference Ontology allows for both functional, including 465 
behavioral, and non-functional descriptions of the service. While the functional descriptions are formal 466 
definitions expressed in terms of ontologies, the non-functional properties are extension of the Dublin 467 
Core, and might contain human-readable descriptions as well. 468 

 469 
Figure 4-4 - The Top-Level Structure of a Service Description 470 

4.3 Goal Description 471 

SOA RM defines awareness as the state “whereby one party has knowledge of the existence of the other 472 
party”. Semantic technologies aim to automate as much as possible the process of bringing the service 473 
requesters and the services providers in the “awareness state” and to create a dynamic infrastructure 474 
able to support all the necessary communication aspects.  475 
Along these lines, the Semantic SOA Reference Ontology has adopted the ontological role separation 476 
principle by which the service consumers exist in a specific context, different that the one of the services 477 
to be consumed. As a consequence, the requester needs can be independently formalized as Goals in 478 
accordance with their internal requirements, isolated from the peculiarities of the provider infrastructure, 479 
data or behavior models.  480 
Nevertheless, in order to facilitate the matchmaking process between requester goals and provider 481 
services, the Reference Ontology defines a GoalDescription as being formed from the same elements as 482 
a ServiceDescription: a Capability and an Interface. The Capability of a GoalDescription represents the 483 
requested capability, i.e. the capability the requester desires to find and consume. The Interface of a 484 
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GoalDescription describes the interfaces the requester intends to use during the communication with the 485 
matching service.  486 

 487 
Figure 4-5 - The Top-Level Structure of a Goal Description 488 

4.4 Capability 489 

SOA-RM requires: “A service description SHOULD unambiguously express the function(s) of the service 490 
and the real world effects that result from it being invoked.” 491 
As we have seen in sections 4.2 and 4.3, a Capability is a description of the functionality provided by a 492 
service or the functionality desired by a service requester and as such can be linked to one or more 493 
Service or Goal Descriptions. Capabailities are generally used for automating the process of discovering 494 
services, by comparing the offered functionality of each provider with the desired funcitionality of the 495 
requester. A Capability is described in terms of conditions on the state of the world that must exist for 496 
execution of the service to be possible and conditions on the state of the world that are guaranteed to 497 
hold after execution of the service. We make a distinction between the state of the information and the 498 
state of the state of the real world, thus these conditions can be broken down into two groups namely 499 
those related to the state of the information space (preconditions and postconditions) and those related to 500 
the to the state of the real-world (assumptions and effects). By providing these 4 elements, the Reference 501 
Ontology allows the state change that occurs in both the information space and in the real world to be 502 
effectively described. 503 

 504 
Figure 4-6 – Service and Goal Capabilities 505 

4.4.1 Functionality 506 

In terms of the SOA-RM the preconditions and postconditions of a service make up the description of its 507 
functionality. Preconditions describe the state of the information space prior to execution and 508 
Postconditions describe the state of the information space after exectution. Therefore preconditions can 509 
be used to specify what information needs to be available in order for a service to be invoked and 510 
Postconditions describe what information will be generated by the service into the information space.   511 

4.4.2 Real World Effect 512 

Many services that can be invoked will have as the SOA-RM describes a Real World Effect, that is that 513 
the process of invoking a service will not only change the state of the data sources related to the service 514 
requester and servoce provider but also an actual change will occur to the state of the world, for example 515 
when buying a book from a book selling service the physical book will change location from the 516 
warehouse to the home of the purchaser. In the Reference Ontology we consider this real world effect by 517 
describing the state of the world prior to execution in terms of Assumptions and the staee of the world 518 
after execution by Effects.  519 
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4.5 Mediation 520 

SOA RM defines Visibility as "the relationship between service consumers and providers that is satisfied 521 
when they are able to interact with each other". Visibility itself subsists in the publication of Service and 522 
Goal Descriptions, but a prerequisite of Visibility is represented by Reachability, and when two entities are 523 
aware of each other and willing to interact in order to fulfill a need, heterogeneity can be a barrier that 524 
prevents this prerequisite to be fulfilled. Given two heterogeneous entities, mediation enables 525 
Reachability by resolving mismatches between them. 526 
A mediator is described in terms of the entities it is able to connect and states how it will resolve 527 
mismatches. Namely, OO-Mediators connect ontologies and resolve terminology as well as 528 
representation and protocol mismatches, while WG-Mediators connect Services and Goals. By using a 529 
Mediation Service, a Mediator explicitly describes the link to a concrete solution to perform mediation. 530 
This mechanism allows Mediators to be used to describe pieces of functionality offered by complex 531 
services that are able to perform concrete mediation scenarios. A mediation service can either be a Goal 532 
or a Service Description. The former links to a Goal that is to be used in the discovery process to find a 533 
Service offering the functionality described by the Mediator, while the latter directly links to a Service that 534 
is able to offer the functionality described by the Mediator. 535 
By publishing the description of the Mediator and all its needed Ontologies, Goal and Service 536 
Descriptions, the requirements for Visibility are met, thus allowing a Goal to interact with the Service.  537 

 538 
Figure 4-7 – Mediators and their Connection of other RO Concepts 539 

4.6 Interface 540 

SOA-RM specifies that “the service interface is the means for interacting with a service”. Furthermore, 541 
SOA-RM recommends that the interface consists of two parts, Information Model and Behavioral Model, 542 
and their roles will be described in the following subsections. 543 
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For the Semantic SOA reference Ontology the service interface is also an important part of the ervice 544 
description. It specifies in detail how the communication with the service should take place, from two 545 
different perspectives: 1) the invoker perspective – what information is needed for the service execution 546 
specified as Choreography, and 2) communication with other services – that is, how the service can 547 
coordinate the cooperation between other services in order to fulfill its functionality, specify as the 548 
Orchestration.   549 
The Service Interface encapsulates all the information from the Information and Behavioral Model, 550 
providing a clear and concise description of the information and communication pattern needed for 551 
interacting with the service from the invoker’s perspective. 552 
 553 

 554 
Figure 4-8 - The Structure of an Interface 555 

4.6.1 Information Model 556 

”The information model of a service is a characterization of the information that may be exchanged with 557 
the service”. As previously described, for Semantic SOA this information is provided by the domain 558 
ontology of the service; this ontology specifies all the information needed for the service execution and for 559 
its communication with other services or with the requestors. 560 
 561 
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 562 
Figure 4-9 Ontologies as Information Model 563 

4.6.1.1 Structure 564 

The information model of a service has to have a given structure, a standard form of the required 565 
information in order to ensure the successful invocation of the service. This structure is given by the 566 
domain ontology, which prescribes the format of the information needed or provided by the service. 567 
Section 1.4.2, presents the format of the ontologies; the information model is described (like any other 568 
entity presented in this document) in terms of this ontologies 569 

4.6.1.2  Semantics 570 

The parties involved in a communication need to have a common understanding of the semantic of the 571 
exchanged messages. When the parties use ontologies for describing their information model, this 572 
common understanding implies either a previous agreement regarding what ontologies are used, or the 573 
existence of a mediator for solving any heterogeneity problems. This will ensure a high degree of 574 
automaticity for the communication. 575 

4.6.2 Behavioural Model 576 

The SOA RM defines the Behavioural Model as “knowledge of the actions invoked against the service 577 
and the process or temporal aspects of interacting with the service”. For Semantic SOA this knowledge is 578 
encapsulated by the definition of what information needs to be exchanged during the communication, the 579 
concepts and relations of an ontology being marked to support a particular role (or mode). Furthermore, 580 
the order in which the messages are exchanged needs to be unambiguously specified. 581 

4.6.2.1 Action Model 582 

For specifying what information needs to be exchanged during the communication the concepts and 583 
relations of an ontology are marked to support a particular role (or mode). There are five modes defined 584 
in the state signature, namely static, in, out shared and controlled: static - meaning that the extension of 585 
the concept cannot be changed; in - meaning that the extension of the concept or relation can only be 586 
changed by the environment and read by the service; out - meaning that the extension of the concept or 587 
relation can only be changed by the service and read by the environment; shared - meaning that the 588 
extension of the concept or relation can be changed and read by the service and the environment;  589 
controlled - meaning that the extension of the concept is changed and read only by the service. 590 

4.6.2.2 Process Model 591 

For using the modes defined in the state signature a grounding mechanism needs to be provided for 592 
allowing the environment (i.e. the communication partner) to read or to write information in the services 593 
ontology. For each mode except static and controlled, a different grounding mechanism needs to be 594 
provided as follows: 595 

• in - a grounding mechanism for the in items, that implements write access for the environment, 596 
must be provided. 597 
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• out - a grounding mechanism for the out items, that implements read access for the 598 
environment, must be provided. 599 

• shared - a grounding mechanism for the shared items, that implements read/write access for the 600 
environment and the service, must be provided . 601 

For the static and controlled items a grounding mechanism is not needed, as this items can either be 602 
changed only by the service or remain unchanged for the duration of the communication. 603 
Furthermore, a set of transition rules are needed  for defining the order in which the messages can be 604 
exchanged. These rules can be specified using the Abstract State Machine methodology, each rule 605 
evaluating some conditions on the current state of the service, and prescribing what activities should be 606 
performed if the conditions are fulfilled. 607 

4.7 Complete Reference Ontology 608 

In Figure 4-10 shows complete UML diagram for the Reference Ontology, which combines all the 609 
information from Figure 4-3 to Figure 4-9.  The formalisation of this ontology in WSML is presented in 610 
Appendix B. 611 
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 612 
Figure 4-10 - The Complete Reference Ontology 613 
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A. Glossary 651 

This section extends the terminology described in Glossary (Appendix A) of the “Reference Model for 652 
Service Oriented Architecture, Public Review Draft 1.0” and introduces any new terms needed by the 653 
Semantic SOA Reference. The two glossaries are intended to be used together, therefore terms from the 654 
other glossary will not be repeated here. 655 
 656 
Semantic Service Oriented Architectures  657 
 Definition 658 
 659 
Semantic Web 660 
 Definition 661 
 662 
Semantic Web Services (SWS) 663 
 Definition 664 
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B. WSML Formalisation of Reference Ontology 665 

 666 

wsmlVariant _"http://www.wsmo.org/wsml/wsml-syntax/wsml-flight" 667 
namespace { _"http://www.semantic-soa.org/ReferenceOntology#", 668 
   RO _"http://www.semantic-soa.org/ReferenceOntology#" 669 
 } 670 
 671 
ontology _"http://www.semantic-soa.org/ReferenceOntology#" 672 
 673 
concept Ontology 674 
 imports ofType Ontology 675 
 hasConcept ofType Concept 676 
 hasInstance ofType Instance 677 
 hasAxion ofType Axiom 678 
 uses ofType OOMediator 679 
 680 
concept Concept 681 
 hasInstance ofType Instance 682 
  683 
concept Instance 684 
 685 
concept Axiom 686 
 hasLogicalExpression ofType _"http://www.wsmo.org/wsml/wsml-687 
syntax#logicalExpression" 688 
  689 
concept ServiceDescription 690 
 imports ofType Ontology 691 
 offersCapability ofType (0 1) Capability 692 
 hasInterface ofType Interface 693 
 694 
concept GoalDescription 695 
 imports ofType Ontology 696 
 requiresCapability ofType (0 1) Capability 697 
 hasInterface ofType Interface 698 
 699 
concept Capability 700 
 hasPrecondition ofType _"http://www.wsmo.org/wsml/wsml-701 
syntax#logicalExpression" 702 
 hasAssumption ofType _"http://www.wsmo.org/wsml/wsml-703 
syntax#logicalExpression" 704 
 hasPostcondition ofType _"http://www.wsmo.org/wsml/wsml-705 
syntax#logicalExpression" 706 
 hasEffect ofType _"http://www.wsmo.org/wsml/wsml-707 
syntax#logicalExpression" 708 
 709 
concept Interface 710 
 hasChoreography ofType (0 1) Choreography 711 
 hasOrchestration ofType (0 1) Orchestration 712 
 713 
concept Choreography subConceptOf BehaviourModel 714 
 715 
concept Orchestration subConceptOf BehaviourModel 716 
 717 
concept BehaviourModel 718 
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 hasActionModel ofType (1) ActionModel 719 
 hasProcessModel ofType (0 1) ProcessModel 720 
 721 
concept ActionModel 722 
 hasInAction ofType (1) Communicable 723 
 hasOutAction ofType (1) Communicable 724 
 hasSharedAction ofType (1) Communicable 725 
 726 
concept Communicable 727 
 grounding ofType (0 1) _iri 728 
 729 
concept MediationService 730 
 731 
axiom aServiceIsAPotentialMediationService definedBy 732 
 ?m memberOf ServiceDescription implies 733 
 ?m memberOf MediationService. 734 
 735 
axiom aGoalIsAPotentialMediationService definedBy 736 
 ?m memberOf GoalDescription implies 737 
 ?m memberOf MediationService. 738 
 739 
concept Mediator 740 
 imports ofType Ontology 741 
 hasMediationService ofType (0 1) MediationService 742 
 743 
 744 
concept WGMediator subConceptOf Mediator 745 
 hasSource ofType (1) WGMediatorSource 746 
 hasTarget ofType (1) WGMediatorTarget 747 
 RO#usesMediator ofType (1) OOMediator 748 
 749 
concept WGMediatorSource 750 
 751 
axiom aServiceIsAPotentialWGMediatorSource definedBy 752 
 ?x memberOf ServiceDescription  753 
 implies 754 
 ?x memberOf WGMediatorSource. 755 
 756 
axiom aGoalIsAPotentialWGMediatorSource definedBy 757 
 ?x memberOf GoalDescription 758 
 implies 759 
 ?x memberOf WGMediatorSource. 760 
 761 
axiom aWGMediatorIsAPotentialWGMediatorSource definedBy 762 
 ?x memberOf WGMediator 763 
 implies 764 
 ?x memberOf WGMediatorSource. 765 
 766 
concept WGMediatorTarget 767 
 768 
axiom aServiceIsAPotentialWGMediatorTarget definedBy 769 
 ?x memberOf ServiceDescription  770 
 implies 771 
 ?x memberOf WGMediatorTarget. 772 
 773 
axiom aGoalIsAPotentialWGMediatorTarget definedBy 774 
 ?x memberOf GoalDescription 775 
 implies 776 
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 ?x memberOf WGMediatorTarget. 777 
 778 
axiom aWGMediatorIsAPotentialWGMediatorTarget definedBy 779 
 ?x memberOf WGMediator 780 
 implies 781 
 ?x memberOf WGMediatorTarget. 782 
  783 
concept OOMediator subConceptOf Mediator 784 
 hasSource ofType OOMediatorSource 785 
   786 
concept OOMediatorSource 787 
 788 
axiom anOntologyIsAPotentialOOMediatorSource definedBy 789 
 ?x memberOf Ontology 790 
 implies 791 
 ?x memberOf OOMediatorSource. 792 
 793 
axiom anOOMediatorIsAPotentialOOMediatorSource definedBy 794 
 ?x memberOf OOMediator 795 
 implies 796 
 ?x memberOf OOMediatorSource. 797 
 798 

Listing 4: Semantic SOA Reference Ontology Expressed in WSML 799 
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