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Abstract: 
This Reference Ontology for Semantic Service Oriented Architectures is an abstract framework 
for understanding significant entities and relationships between them within a Semantically-
enabled Service-Oriented environment. It may be leveraged for the development of related 
standards or specifications supporting that environment, as well as guiding efforts to realize 
concrete solutions.  
 
This Reference Ontology builds on the OASIS Reference Model for Service Oriented Architecture 
(SOA-RM) and combines it with the key concepts of semantics that are relevant for Semantically-
enabling Service Oriented Architectures.  
 
A reference model is not directly tied to any standards, technologies or other concrete 
implementation details. It does seek to provide a common understanding that can be used 
unambiguously across and between different implementations. The relationship between this 
Reference Ontology, the SOA Reference Model, and particular architectures, technologies and 
other aspects of SOA is illustrated in Figure 1. 
 
Just as the SOA-RM, this reference ontology focuses on the field of software architecture. The 
concepts and relationships described may apply to other "service" environments; however, this 
specification makes no attempt to completely account for use outside of the software domain. 

Status: 
This document was last revised or approved by the Semantic Execution Environment Technical 
Committee on the above date. The level of approval is also listed above. Check the “Latest 
Version” or “Latest Approved Version” location noted above for possible later revisions of this 
document. 

Technical Committee members should send comments on this specification to the Technical 
Committee’s email list. Others should send comments to the Technical Committee by using the 
“Send A Comment” button on the Technical Committee’s web page at http://www.oasis-
open.org/committees/semantic-ex/. 

For information on whether any patents have been disclosed that may be essential to 
implementing this specification, and any offers of patent licensing terms, please refer to the 
Intellectual Property Rights section of the Technical Committee web page (http://www.oasis-
open.org/committees/semantic-ex/ipr.php. 

The non-normative errata page for this specification is located at http://www.oasis-
open.org/committees/semantic-ex/. 
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Notices 
Copyright © OASIS® 2008. All Rights Reserved. 

All capitalized terms in the following text have the meanings assigned to them in the OASIS Intellectual 
Property Rights Policy (the "OASIS IPR Policy"). The full Policy may be found at the OASIS website. 

This document and translations of it may be copied and furnished to others, and derivative works that 
comment on or otherwise explain it or assist in its implementation may be prepared, copied, published, 
and distributed, in whole or in part, without restriction of any kind, provided that the above copyright notice 
and this section are included on all such copies and derivative works. However, this document itself may 
not be modified in any way, including by removing the copyright notice or references to OASIS, except as 
needed for the purpose of developing any document or deliverable produced by an OASIS Technical 
Committee (in which case the rules applicable to copyrights, as set forth in the OASIS IPR Policy, must 
be followed) or as required to translate it into languages other than English. 

The limited permissions granted above are perpetual and will not be revoked by OASIS or its successors 
or assigns. 

This document and the information contained herein is provided on an "AS IS" basis and OASIS 
DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY 
WARRANTY THAT THE USE OF THE INFORMATION HEREIN WILL NOT INFRINGE ANY 
OWNERSHIP RIGHTS OR ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A 
PARTICULAR PURPOSE. 

OASIS requests that any OASIS Party or any other party that believes it has patent claims that would 
necessarily be infringed by implementations of this OASIS Committee Specification or OASIS Standard, 
to notify OASIS TC Administrator and provide an indication of its willingness to grant patent licenses to 
such patent claims in a manner consistent with the IPR Mode of the OASIS Technical Committee that 
produced this specification. 

OASIS invites any party to contact the OASIS TC Administrator if it is aware of a claim of ownership of 
any patent claims that would necessarily be infringed by implementations of this specification by a patent 
holder that is not willing to provide a license to such patent claims in a manner consistent with the IPR 
Mode of the OASIS Technical Committee that produced this specification. OASIS may include such 
claims on its website, but disclaims any obligation to do so. 

OASIS takes no position regarding the validity or scope of any intellectual property or other rights that 
might be claimed to pertain to the implementation or use of the technology described in this document or 
the extent to which any license under such rights might or might not be available; neither does it 
represent that it has made any effort to identify any such rights. Information on OASIS' procedures with 
respect to rights in any document or deliverable produced by an OASIS Technical Committee can be 
found on the OASIS website. Copies of claims of rights made available for publication and any 
assurances of licenses to be made available, or the result of an attempt made to obtain a general license 
or permission for the use of such proprietary rights by implementers or users of this OASIS Committee 
Specification or OASIS Standard, can be obtained from the OASIS TC Administrator. OASIS makes no 
representation that any information or list of intellectual property rights will at any time be complete, or 
that any claims in such list are, in fact, Essential Claims. 

The names "OASIS", are trademarks of OASIS, the owner and developer of this specification, and should 
be used only to refer to the organization and its official outputs. OASIS welcomes reference to, and 
implementation and use of, specifications, while reserving the right to enforce its marks against 
misleading uses. Please see http://www.oasis-open.org/who/trademark.php for above guidance. 



see-rosoa-v1.0-pr02  21 April 2011 
Copyright © OASIS Open 2008. All Rights Reserved.  Page 4 of 33  

Table of Contents 
1 Introduction ..................................................................................................................................... 5 

1.1 Motivation and Scope .................................................................................................................... 6 

1.2 Audience ....................................................................................................................................... 6 

1.3 Guide to this Document ................................................................................................................. 7 

1.4 Notational Conventions .................................................................................................................. 7 

1.4.1 Concept Maps ........................................................................................................................ 7 

1.4.2 Ontologies .............................................................................................................................. 8 

Classes ............................................................................................................................................... 8 

Subsumption ....................................................................................................................................... 9 

Properties............................................................................................................................................ 9 

1.5 Terminology ................................................................................................................................ 10 

1.6 Normative References ................................................................................................................. 10 

1.7 Non-Normative References ......................................................................................................... 10 

2 Semantics and SOA ...................................................................................................................... 11 

2.1 Semantics ................................................................................................................................... 11 

2.2 Applying Semantics to SOA ......................................................................................................... 12 

3 Overview of SOA-RM .................................................................................................................... 13 

3.1 What is a service? ....................................................................................................................... 13 

3.2 Dynamics of Services .................................................................................................................. 13 

3.3 Service Related Concepts ........................................................................................................... 15 

4 Reference Ontology for Semantic Service Oriented Architectures .................................................. 18 

4.1 Visibility ....................................................................................................................................... 19 

4.1.1 Ontologies ............................................................................................................................ 19 

4.2 Service Description ...................................................................................................................... 19 

4.3 Goal Description .......................................................................................................................... 20 

4.4 Capability Description .................................................................................................................. 20 

4.4.1 Functionality ......................................................................................................................... 21 

4.4.2 Real World Effect ................................................................................................................. 21 

4.5 Interface ...................................................................................................................................... 21 

4.5.1 Information Model ................................................................................................................. 22 

4.5.2 Behavioral Model .................................................................................................................. 23 

4.6 Mediation..................................................................................................................................... 24 

4.7 Complete Reference Ontology ..................................................................................................... 25 

5 Conformance ................................................................................................................................ 27 

A. Glossary ....................................................................................................................................... 28 

B. RDF(S) Formalization of Reference Ontology ................................................................................ 31 

C. Acknowledgements ....................................................................................................................... 33 

 

 



see-rosoa-v1.0-pr02  21 April 2011 
Copyright © OASIS Open 2008. All Rights Reserved.  Page 5 of 33  

1 Introduction 1 

Although Service Oriented Architectures (SOAs) have gathered a lot of attention within business 2 
organizations, for a long time there was no clear understanding of what an SOA precisely is. As a result 3 
reference models have been published to define SOA; we note particularly the OASIS SOA Reference 4 
Model [1]. However, with the emergence of Semantic Web technologies, in particular Semantic Web 5 
Services (SWSs), new breeds of SOAs are being developed, namely Semantic Service Oriented 6 
Architectures (SSOAs). Semantic Web Services provide a means for created better descriptions for 7 
Web services, with fully semantics. As such Semantic Web Services are a layer on top of existing Web 8 
service technologies and not a replacement for them. SSOAs use semantic technologies to advance 9 
solutions to problems by which traditional SOA, focusing on WSDL-described services, are limited. They 10 
provide a means for further automation for service consumers’ tasks, particularly service discovery, 11 
selection, composition and execution, as well as easing general interoperability issues between services.  12 

In order to use the semantic descriptions present in a SSOA to automate such SOA features, a set of 13 
platform services that provide this automation functionality are required within the SSOA. These services 14 
are collectively termed a Semantic Execution Environment (SEE) for Semantic Web Services, with a 15 
SEE being at the core of a SSOA. There are a number of different implementations of SEEs currently 16 
under development in the research community, which have some common features. Thus the purpose of 17 
this document is to define an extended reference model for SSOAs, as supported by SEEs. This model 18 
will be defined formally using an ontology. The aim of this ontology is to provide a point of reference 19 
formally specified so that it can support the definition and development of SSOAs. 20 

 21 

 22 
Figure 1-1 – Relationship of the Reference Ontology to Other SOA Specifications and Standards 23 

Figure 1-1 depicts how the Reference Ontology relates to other pieces of work within the SOA 24 
community. The figure is derived from Figure 1 in the SOA Reference Model document [1], and 25 
introduces the Reference Ontology alongside the Reference Model element. The Reference Ontology 26 
presented in this document is a further step towards formalization of the Reference Model but also 27 
accommodates the extensions associated with Semantic Web Services resulting in Semantic SOAs. 28 
Since the start of this work, the SOA-RM committee has also started work on a Reference Architecture, 29 
which also aims at further formalisation of the reference model, but we consider ontologisation central to 30 
the semantics-based approach and diverge. Indeed when we say Reference Architecture we shall refer to 31 
a reference architecture for SEEs, not to the SOA Reference Architecture.  Furthermore when we say 32 
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Concrete Architectures we refer to implementations of semantics-enabled SOAs such as WSMX [2], IRS 33 
III [3], and METEOR-S [4].  34 

The Related Models in Figure 1 include, for us, the Web Service Modeling Ontology (WSMO) [5], 35 
Semantic Annotations for WSDL and XML Schema (SAWSDL) [8], the Web Ontology Language for 36 
Services (OWL-S)1 [9], and the Semantic Web Services Ontology (SWSO) [10]. Patterns fulfill the same 37 
role in Semantic- as in pre-Semantic- SOA, which is to say that they define more specific categories of 38 
service-oriented designs. The Protocols and Profiles (those considered as part of the related work) are 39 
the same as for W3C WS-Stack based SOAs. However, with respect to Specifications and Standards, we 40 
further take into account emerging Semantic Web Languages such as the OWL, RDF and RIF standards 41 
from W3C, and the WSML and SWSL languages for describing services semantically. These languages 42 
play a very important role since they are the pillars of Semantic Technologies. The Input features 43 
(Requirements, Motivation and Goals) are the same as for SOAs, with the addition that we have more 44 
emphasis on automation, as stated earlier. 45 

1.1 Motivation and Scope 46 

With the term “Semantic” we mean the formal (and thus unambiguous) description of some particular 47 
object (more in section 2), which is subject to automated  ontology-based reasoning. Within the context of 48 
the Reference Ontology, these objects are mainly the data handled by the services and the services 49 
themselves. Semantic descriptions within SOAs allow reasoning tools to automate tasks. More 50 
specifically, semantics help in the following ways: 51 

• Formally and unambiguously define the data models and processes underlying the system; 52 
• Allow automated discovery and composition of services; 53 
• Automatically resolve data and process mismatches, easing integration and improving 54 

interoperability; 55 
• Ease the process of service ranking, negotiation and contracting. 56 

The scope of this document is therefore to provide an ontology that formally describes the different 57 
elements comprising a SSOA in order to achieve the above objectives. 58 

1.2 Audience 59 

The target audience for this document extends that of the SOA RM; however we provide an exhaustive 60 
list in order to keep the document self-contained: 61 
 62 

• Architects and developers designing, identifying or developing a system based on Service 63 
Oriented Architectures; 64 

• Standards architects and analysts developing specifications that rely on Service Oriented 65 
Architecture concepts; 66 

• Decision makers seeking a "consistent and common" understanding of Service Oriented 67 
Architectures; 68 

• Users who need a better understanding of the concepts and benefits of Service Oriented 69 
Architectures; 70 

                                                   

 

 

 

 

 

 

1 It may be noted that no unified Semantic Execution Environments exist for OWL-S; a list of the major, 
but separate, OWL-S tools is available as http://www.daml.org/services/owl-s/tools.html, which includes 
the OWL-S VM 
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• Academics and researchers that are researching within the Semantic Web and Semantic Web 71 
Service communities; 72 

• I.T. consultants that provide businesses with support on Semantic technologies and SOAs in 73 
general. 74 

1.3 Guide to this Document 75 

It is assumed that readers who are not familiar with SOA concepts and terminologies read first the SOA 76 
Reference Model [1] document since this document builds on top of its concepts. Furthermore, readers 77 
who are new to the concept of Semantic Technologies are encouraged to read this document in its 78 
entirety.  79 

Section 1 introduces the Semantic SOA Reference Ontology and how it relates to other work (in particular 80 
the SOA RM). It defines the audience and also provides a description of the notational conventions used 81 
in this document. Both of these elements are important in order for the reader to understand the content 82 
of the rest of the document. 83 

Section 2 provides an overview of Semantics and how they interrelate with SOAs. It starts by describing 84 
the deficiencies of the classical SOA and the problems in building them. It then continues with examples 85 
and situations of how Semantic Technologies can help to overcome these deficiencies. Section 2 86 
strengthens the motivations and objectives already described in this section.  87 

Section 3 describes the SOA Reference Model [1] and builds on top of this by introducing new key 88 
concepts required for SSOAs. It first describes what we understand by a service followed by the dynamics 89 
of a service – how the service is perceived by the real world. Other related concepts are also described 90 
(including, for example, the behavior of the Web service). Section 3 shows the differences between the 91 
classical SOA RM and the SSOA RM and provides the necessary building blocks for specifying the 92 
Reference Ontology. 93 

Section 4 defines the Reference Ontology for SSOAs. The ontology is first described using Concept Maps 94 
and UML Diagrams (notation described in Section 1.4 below). It is then formally described using RDFS [7] 95 
in Appendix B as explained in Section 1.4.2.  96 

The glossary provides definitions of terms that are relied upon within the document. Terms that are 97 
defined in the glossary are marked in bold at their first occurrence in the document. 98 

Note that while the concepts and relationships described in this document may apply to other “service” 99 
environments, the definitions and descriptions contained herein focus on the field of software 100 
architectures and make no attempt to completely account for their use outside of the software domain. 101 
Examples included in this document, which are taken from a variety of domains, are used strictly for 102 
illustrative purposes. 103 

1.4 Notational Conventions 104 

Throughout this document we use both Concept Map and UML Class Diagram notations to illustrate 105 
models, this is due to the derivation from – and preservation of links to – the SOA RM specification, which 106 
uses the former, together with the need to provide an accessible representation of the ontology-based 107 
model. For clarity these two notations are distinguished in the caption of the figures throughout the 108 
document; figures whose caption end with [Concept Map] conform to the Concept Map notation, while 109 
figures whose caption end with [UML] conform to the representation of ontologies in the UML Class 110 
Diagram notation, as described below. This document does not use the notation from RFC2119 0, for 111 
example MUST, MUST NOT, REQUIRED, SHALL, SHALL NOT, SHOULD, SHOULD NOT, 112 
RECOMMENDED, MAY, and OPTIONAL as cardinality constraints are present within the UML diagrams. 113 

1.4.1 Concept Maps 114 

The Concept Map notation used in this document is the same as for that in the SOA RM; however we 115 
give a brief description here to keep the document self-contained. 116 

There is no normative convention for interpreting Concept Maps and other than described in this section, 117 
no detailed information can be derived from the Concept Maps. 118 
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 119 

 120 
Figure 1-2 - A basic Concept Map [Concept Map] 121 

As used in this document, a line between two concepts represents a relationship whereby the relationship 122 
is not labeled but rather is described in the text immediately preceding or following the figure. The arrow 123 
on a line indicates an asymmetrical relationship, where the concept to which the arrow points can be 124 
interpreted as depending in some way on the concept from which the line originates. The text 125 
accompanying each figure describes the nature of each relationship. 126 

1.4.2 Ontologies 127 

Within this document we use UML Class Diagrams to illustrate the Reference Ontology; the underlying 128 
formal definitions are made in RDF(S) – in particular using the Turtle serialisation.  This is for two 129 
reasons: first, we must use a language with well-founded semantics, capable of machine reasoning – the 130 
general motivation of work in the Semantic Web that has produced several ontology languages.   131 

This document sticks as far as possible to the Description Logic-compatible features of RDFS, though it 132 
makes limited use of meta-classing, hence the Reference Ontology is largely compatible with OWL-DL 133 
reasoning. The Reference Architecture will attach Reference Ontology concepts to goal descriptions to 134 
allow the characterization of the components of a Semantic Execution Environment (the core services of 135 
a SSOA).  For this reason the Web Service Modeling Language may be used. The Execution Scenarios 136 
will attach Reference Ontology concepts, and Reference Architecture goals, to descriptions of (IT) 137 
services to illustrate how the SEE components can work together to achieve common tasks.  Finally, 138 
concrete architectures may be defined by linking concrete services to the goals from the Reference 139 
Architecture.   140 

In the remainder of this section we sketch the relationship between UML Class Diagrams, as used within 141 
the text, to RDFS descriptions.  In the following section we reproduce these definitions. 142 

Classes 143 

The fundamental feature of Class Diagrams – and indeed Object-oriented design (OOD), which is the real 144 
target of UML – are classes, which are shown as square boxes with their identifier listed inside.  We use 145 
UML classes to represent RDFS classes.  Where the namespace into which classes are defined is clear, 146 
we allow ourselves to omit this information in the Class Diagram.  Where different namespaces are used, 147 
we use the notation for packages to make the namespace clear. 148 

Figure 1-3 hence corresponds with Listing 1.   149 

 150 

:A a rdfs:Class. 151 
 152 
<http://www.example.com/ontologies/ns1#B> a rdfs:Class. 153 

Listing 1: Example Concepts in Turtle 154 

A
http://www.example.org/ontologies/ns1#

B

 155 
Figure 1-3: Representation of RDF Example Concepts in UML Class Diagram [UML] 156 

 157 
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While UML Class Diagrams allow the definition of operations and attributes within classes, we choose not 158 
to use these and always show classes with an undivided box.   159 

Subsumption 160 

The fundamental relationship between concepts in RDF(S), as with many ontology languages, is 161 
subsumption. This is represented by inheritance in UML Class Diagrams. Since we declare no operations 162 
there are thus no unwanted side-effects due to UML/OOD semantics; in particular there are no 163 
complications in the use of multiple parents for a given concept. 164 

Figure 1-4 hence corresponds with Listing 1. 165 

  166 

:B rdfs:subClassOf :A. 167 
 168 
:D rdfs:subClassOf :A, :C. 169 

Listing 2: Example of Subsumption between Concepts in RDFS 170 

 171 

A

B

C

D

 172 
Figure 1-4: Representation of Subsumption Example in UML Class Diagram [UML] 173 

Properties 174 

The other explicit relationship between classes in RDFS is via properties.  These are represented by 175 
(directed) associations in UML Class Diagrams, which is to say associations with a one-way navigability, 176 
so that the innavigable side of the association (or, more correctly, the end of unspecified navigability) is 177 
the class which is the domain of the property. 178 

 179 

180 
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1.5 Terminology 181 

The key words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD 182 
NOT”, “RECOMMENDED”, “MAY”, and “OPTIONAL” in this document are to be interpreted as described 183 
in [RFC2119]. 184 

1.6 Normative References 185 

[RFC2119] S. Bradner, Key words for use in RFCs to Indicate Requirement Levels, 186 
http://www.ietf.org/rfc/rfc2119.txt, IETF RFC 2119, March 1997. 187 

1.7 Non-Normative References 188 

[1] C. M. MacKenzie, K. Laskey, F. McCabe, P. F. Brown, R. Metz (eds.): Reference 189 
Model for Service Oriented Architecture 1.0, OASIS Standard, 12 October 2006, 190 
available at: http://docs.oasis-open.org/soa-rm/v1.0/soa-rm.pdf 191 

[2] A. Haller, E. Cimpian, A. Mocan, E. Oren, C. Bussler: WSMX: A Semantic 192 
Service-Oriented Architecture. In Proceedings of the International Conference on 193 
Web Services (ICWS 2005), Orlando, Florida 194 

[3] J. Domingue, L. Cabral, S. Galizia, V. Tanasescu, A. Gugliotta, B. Norton, and C. 195 
Pedrinaci. IRS-III: A broker-based Approach to Semantic Web Services, Journal 196 
of Web Semantics, 6, 2, pp. 109-132, Elsevier, 2008. 197 

[4] World Wide Web, 6(2):109–132, 2008.K. Verma, K. Gomadam, A.P. Sheth, J.A. 198 
Miller, Z. Wu: The METEOR-S Approach for Configuring and Executing dynamic 199 
Web Processes. LSDIS Technical Report, 24 June, 2005, available at: 200 
http://lsdis.cs.uga.edu/projects/meteor-s/techRep6-24-05.pdf 201 

[5] J. de Bruijn, C. Bussler, J. Domingue, D. Fensel, M. Hepp, M. Kifer, B. König-202 
Ries, J. Kopecky, R. Lara, E. Oren, A. Polleres, J. Scicluna, M. Stollberg: The 203 
Web Service Modeling Ontology WSMO.. Forschungsinstitut at the University of 204 
Innsbruck Technical Report, 16 February 2007, available at: 205 
http://www.wsmo.org/TR/d2/v1.4/ 206 

[6] S. Bradner, RFC2119 – Keywords for use in RFCs to indicate Requirement 207 
Levels, http://www.rfc.net/rfc2119.html 208 

[7] H. Lausen and J. de Bruijn, A. Polleres and D. Fensel, WSML – A Language 209 
Framework for Semantic Web Services, Proceedings of the W3C workshop on 210 
Rule Languages for Interoperability, April 2005. 211 

[8] J. Farrell, H. Lausen: Semantic Annotations for WSDL and XML Schema. W3C 212 
Recommendation, 28 August 2007, available at: http://www.w3.org/TR/sawsdl/ 213 

[9] D. Martin, M. Burstein, J. Hobbs, O. Lassila, D. McDermott, S. McIlraith, S. 214 
Narayanan, M. Paolucci, B. Parsia, T. Payne, E. Sirinin, N. Srinivasan, K. 215 
Sycara: OWL-S: Semantic Markup for Web Services. DARPA DAML Program 216 
Technical Report, available at: http://www.ai.sri.com/daml/services/owl-217 
s/1.2/overview/ 218 

[10] S. Battle, A. Bernstein, H. Boley, B. Grosof, G. Kruninger, R. Hull, M. Kifer, D. 219 
Martin, S. McIlraith, D. McGuinness, J. Su, S. Tabet: Semantic Web Services 220 
Ontology (SWSO). DARPA DAML Program Technical Report, 9 May 2005, 221 
available at: http://www.daml.org/services/swsf/1.0/swso/ 222 

[11] D. Fensel, M. Kerrigan, M. Zaremba (eds.): Implementing Semantic Web 223 
Services - The SESA Framework, (Springer), 2008 224 

 225 
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2 Semantics and SOA 226 

As noted in the Reference Model for Service Oriented Architecture (SOA-RM) standard, the notion of 227 
Service Oriented Architecture has received a lot of attention in the software design and development 228 
community. According to the SOA-RM, a “Service Oriented Architecture (SOA) is a paradigm for 229 
organizing and utilizing distributed capabilities that may be under the control of different ownership 230 
domains.” Service Oriented Architecture provides an architectural mechanism for addressing needs by 231 
composing unassociated capabilities that are accessible through SOA services. The perceived value of 232 
SOA is that it provides a powerful framework for matching needs and capabilities and for combining 233 
capabilities to address those needs, by enhancing the ability of adapting applications more quickly to 234 
changes in market conditions and improving the reusability, modularity, composability and interoperability 235 
of functionality. 236 

A service, in the context of SOA, refers to a mechanism that provides access to a capability that may 237 
have a real world effect or results in the exchange of information. Such services can be implemented 238 
leveraging many different standards and technologies, including but not limited to Web services using 239 
WSDL descriptions and SOAP messaging.     240 

Building SOA-based systems using existing services still involves substantial human effort in the process 241 
of finding and using appropriate services. The need for human intervention can be attributed partly to the 242 
fact that standards that are typically used for describing services (e.g., WSDL), only focus on the syntactic 243 
aspect of the service interface, and provide little support for finding and using services that provide the 244 
appropriate desired functionality. In this “classical Web service” scenario, developers building an 245 
application, typically look for services that are available, either within their company’s repository of 246 
services or in remote locations. Each time a need to invoke a service is identified, a set of candidate 247 
services must be found browsing in repositories (e.g. UDDI or ebXML repositories). While keywords and 248 
text search features can be leveraged to identify candidate service, the syntactically focused descriptions 249 
typically require evaluation by a human before a service can be used. In many instances further human 250 
interaction between the developer on the consumer side and the service provider is required to clarify the 251 
functionality and the meaning of the information that is being exchanged. Then tests can be performed on 252 
the candidate services. Finally, a service may be selected and integrated into the SOA-based system.  253 

Not only is this process labor intensive, but the solution is fairly static, limiting the ability to adapt to 254 
changes quickly, which is a key promise of the SOA approach. Changes, whether it is new services that 255 
provide improved functionality or unavailability of currently used services, typically require human 256 
interaction in the classical integration scenario. The goal of a Semantically-enabled SOA is to add 257 
features that can help overcome these limitations and provide mechanisms to automate tasks that 258 
currently require human intervention.  259 

2.1 Semantics 260 

A key limitation of a “classical W3C WS-Stack based SOA”, as mentioned above, is that the standards 261 
used for describing Web services provide very little detail about the service, beyond a simple description 262 
of the external interface they provide. With these descriptions it is impossible to provide further meaning 263 
about a service, such that reasonable inferences can be drawn regarding the functionality offered by the 264 
service, or the behavior of its outwardly facing interfaces. 265 

Semantics is the study of meaning. A formal semantic description offers the opportunity of providing a 266 
mechanism for describing things more clearly and extensively. A formal semantic description is 267 
unambiguous within the context of the formalism and opens the opportunity for automated reasoning.  268 
Semantics come in many forms. Very basic advances towards semantics include annotations or tags that 269 
can be associated with an entity in order to give a description of what that thing is. Annotations or tags 270 
can be seen in action on sites like flickr.com®, where they are used for denoting what content appears in 271 
a particular picture or what a picture is about. This mechanism, of course, is very rudimentary and 272 
certainly not unambiguous in nature as annotations or tags are freeform in nature. To bring more meaning 273 
to the annotations, taxonomies can be introduced. Such structures give a mechanism for providing a 274 
controlled vocabulary of terms (i.e., a controlled set of annotations) and the relationship between them. 275 
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For example we can state that the concept of a banana is a sub class of the concept of a fruit. This 276 
additional semantic information enables us to reason about the semantic descriptions we have and make 277 
decisions based on the semantic descriptions, for example the query “show me all photos containing a 278 
piece of fruit” is posed, then those pictures that are annotated with the term banana would be found, as 279 
banana is a subclass of fruit. To add more semantics we can go even further and allow logical 280 
expressions to be added to taxonomies to turn them into ontologies, such that more complicated 281 
relationships between entities can be expressed. The addition of axiomatic information in this way also 282 
allows for much more sophisticated reasoning to take place and for new information to be inferred from 283 
existing information, for example the axiom “all fruit is edible” placed in a reasoner with the previous 284 
example would allow the fact “bananas are edible” to be inferred and thus queries like “show me all 285 
photos containing things that are edible” would find pictures of bananas. 286 

2.2 Applying Semantics to SOA 287 

As indicated earlier, the syntactically focused descriptions of services in a SOA-based system driven by 288 
the W3C WS-Stack limits the ability to automate tasks that are important for a quickly and reliably 289 
adapting to changes. The idea here is to apply semantics to the description of services within SOA and 290 
enhance service descriptions with additional semantic information that can be used in conjunction with 291 
semantic processing mechanisms (i.e., mediation). 292 

By extending ontologies to describe services in a SOA-based system, a machine can reason about the 293 
functionality they provide, the mechanism to invoke them, and the data they expect as input and return as 294 
output. In other words each service that currently has a syntactic description (i.e., a WSDL document) will 295 
also have a semantic description in some formalism. Thus services within a Semantic SOA are not a 296 
reinvention of services, but an enhancement of them. In order to effectively describe services 297 
semantically we need to have an understanding of what elements need to be modeled within our 298 
semantic description. Within this document you will find the Reference Ontology for Service Oriented 299 
Architectures, which provides such a description of what elements need to be modeled in order to 300 
effectively provide semantic description for services and build a SOA-based system that is semantically-301 
enabled, referred to as a Semantic SOA (SSOA). 302 

Once services are described semantically, many of the tasks previously requiring human intervention in 303 
building and maintaining and application using SOA can be automated. For example, services can be 304 
discovered based upon the functionality they advertise in their semantic description, can be selected 305 
based upon the advertised (or observed) quality of the service, heterogeneity issues with respect to the 306 
data they exchange or the process to invoke them can be mediated. This allows for a SSOA, to 307 
dynamically bind to services at run time, removing the hard-wired behaviours that are typically for 308 
classical W3C WS-Stack based SOA systems. When new services appear on the market that fulfill 309 
functionality needed by the system, they can be considered alongside existing services that are being 310 
used already by the application and may be selected over these existing services based on the 311 
requirements of the application. Also if a given service that is usually used by the application is no longer 312 
available, it can be automatically replaced by another service that fulfills the same function. 313 



see-rosoa-v1.0-pr02  21 April 2011 
Copyright © OASIS Open 2008. All Rights Reserved.  Page 13 of 33  

3 Overview of SOA-RM 314 

The notion of Service Oriented Architecture has been greatly used in the last couple of years by the 315 
software design and development communities. Yet, the various and very often conflicting definitions and 316 
terminology for SOA and its elements could hamper the adoption process and threaten the success and 317 
the impact of this technology. In order to provide a standard reference point in the design and 318 
implementation of SOA-based systems the OASIS SOA-RM Technical Committee2 proposes an abstract 319 
framework for understanding the main entities and the relationships between them within a service 320 
oriented environment [1].  321 

The resulting specification is a SOA Reference Model (SOA-RM), which is not directly dependent of any 322 
standards, technologies and implementation details. Its goal is to define the essence of Service Oriented 323 
Architecture, a normative vocabulary and a common understanding of SOA. The Reference Ontology 324 
takes this reference model as a starting point in defining the main aspects of a Semantically-enabled 325 
Service Oriented Architecture and it specifies how the normative elements of the SOA-RM can be 326 
augmented with semantics. As a consequence, this section gives a brief overview of the SOA-RM, along 327 
the several aspects it covers: the notion of service, the dynamics of service and the service-related 328 
concepts such as service description, service execution context and service contracts and policies, as 329 
shown in Figure 3-1.  330 

3.1 What is a service?  331 

SOA-RM defines a service as “…a mechanism to enable access to one or more capabilities, where the 332 
access is provided using a prescribed interface and is exercised consistent with constraints and policies 333 
as specified by the service description.” It identifies four main aspects regarding the service that have to 334 
be considered in any SOA: 335 

• A service enables access to one or more capabilities; 336 
• A service enables access through at least one prescribed interface; 337 
• A service is opaque to the service consumer except for the information and behavioural models in 338 

the interface, and the information required to assess if a service meets the requesters needs; 339 
• Consequences of invoking a service involving real world effect and possible change to the state 340 

of the service. 341 

It is important to note that SOA-RM makes a clear distinction between the capability to which a service 342 
provides access (i.e., some functionality created to address a need) and the point of access where the 343 
capability can be consumed in the context of SOA.  344 

3.2 Dynamics of Services 345 

SOA-RM also provides guidelines regarding the interactions of the requester with a service.  As such, 346 
among the service related concepts mentioned above, it identifies three fundamental concepts related 347 
with dynamics of the service: Visibility, Interaction and Real World Effect (see Figure 3-1). 348 

                                                   

 

 

 

 

 

 
2 For more details, see http://www.oasis-open.org/committees/soa-rm.  
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 349 
Figure 3-1. Fundamental Concepts of Service Dynamics (directly from [1]) [Concept Map] 350 

Visibility in terms of SOA-RM is characterized in terms of Awareness, Willingness and Reachability (see 351 
Figure 3-2) where:  352 

• Awareness is the state whereby the service requester is aware of the service provider or the 353 
other way around. It is normally achieved by having either the requester or the provider 354 
discovering the information the other party published in for example a public directory. 355 

• Willingness concerns the intent to communicate. Even if the discovery process has been 356 
successful, without willingness to communicate from both requester and provider the interaction 357 
will fail.   358 

• Reachability is the state that characterizes service participants that are able to interact, for 359 
example by exchanging information.  360 

 361 

 362 
Figure 3-2. Service Visibility (adapted from [1])  [Concept Map] 363 

The interaction with a service is reflected by the actions performed on the service, for example 364 
exchanging messages with the services. According to SOA-RM the key concepts affecting the interaction 365 
with a service are the following (see Figure 3-3): 366 
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• Information Model of a service characterizes the information that may be exchanged with the 367 
services and only descriptions of information that can be potentially exchanged with the service 368 
and their data structures are included in the information model. The information model can be 369 
also portioned in: 370 

o Structure (Syntax) refers to the representation, structure, and a form of information; 371 

o Semantics refers to the actual interpretation and intent of the data. Semantics becomes 372 
important especially when interaction occurs across ownership boundaries since the 373 
interpretation of data must be consistent between the participants in a service interaction.  374 

• Behavior Model deals with “knowledge of the actions invoked against the service and the process 375 
or temporal aspects of interacting with the service”. It consists of two distinct aspects: 376 

o The action model characterizes the actions that can be invoked against the service. 377 
Since a great part of the behavior implied by an action is private, the public view of the 378 
service includes the description of effects resulting from actions;  379 

o The process model defines temporal relationships of actions and events associated when 380 
interacting with a service. SOA-RM does not fully define the process model since it could 381 
include aspects that are not strictly part of SOA, e.g. orchestration of services. 382 

 383 
 384 

Figure 3-3. Service Interaction (adapted from [1]) [Concept Map] 385 

The real world effect is the ultimate purpose associated with the interaction with a particular service. It 386 
can be the response to a request for information or the change in the state of some shared entities 387 
between the participants in the interaction. 388 

3.3 Service Related Concepts 389 

SOA-RM identifies a set of concepts crucial in enabling the interaction between a service consumer and a 390 
service. These concepts are the service description, the service policies and contracts and the execution 391 
context.  392 

The service description encompasses the information needed in order to use the service (see Figure 3-4). 393 
The purpose of the service description is to facilitate visibility especially if the participants are part of 394 
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different ownership domains. By using the service description the service consumer should be able obtain 395 
the following items of information: 396 

• Whether the service is reachable or not;  397 
• Whether the service provides the function required by the requester; 398 
• The set of policies the services operates under;  399 
• That the service complies with the service consumer’s policies;  400 
• The means to interact with the service, including the format and content of the information to be 401 

exchanged, as well as the expected sequence of the information exchange. 402 

As a consequence, there are several important aspects that have to be captured by the service 403 
description: the service reachability, the service functionality, the service-related policies, and the service 404 
interfaces.  405 

• Service reachability is assured by including in the service description enough information to 406 
enable the service providers and services consumers to interact with each other. Such 407 
information could include service metadata (e.g. location, supported or required protocols), 408 
dynamic information about service (e.g. if the service is currently available), etc. 409 

• Service functionality should be unambiguously captured by the service description and it should 410 
contain information about the function of a service and the real world effects that result from it 411 
being invoked. This piece of information should be expressed in a general-enough way to be 412 
understandable by service consumers while at the same time the vocabulary used should be 413 
expressive enough to capture the domain-specific details of the service functionality. Such 414 
information could include a textual description (for human consumption) or identifiers or keywords 415 
referencing machine-processable definitions.  416 

• Service-related policies should be reflected by the service description in order to enable the 417 
prospective service consumer to determine if the service will act in a manner consistent with 418 
consumer’s own constraints.  419 

• The service interface describes the means to interact with the service. It could include specific 420 
protocols, commands and information exchange by which actions are initiated. It prescribes what 421 
information needs to be provided to the service in order to access its capabilities and interpret 422 
responses. This information is also referred as the information model of the service.  423 

 424 

 425 
Figure 3-4. Service Description (directly from [1]) [Concept Map] 426 
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The service policy represents the constraints or the conditions on the use, deployment, or description of a 427 
service while a contract is an agreement on a measurable assertion that governs the requirements and 428 
expectations of two or more parties. Policies potentially apply to various aspects of SOA such as security, 429 
manageability, privacy, etc. but they could also be applied to business-oriented aspects, e.g. hours of 430 
business. In their turn contracts can as well cover a wide range of aspects of services: quality of services 431 
agreements, interface and choreography agreements, commercial agreements, etc. Note that the 432 
contract is derived from the service description; it can add consumer policies but cannot extend business 433 
or technical capabilities announced in the service description (though the capabilities may be detailed as 434 
needed). 435 

The execution context represents the set of infrastructure elements, process entities, policy assertions, 436 
and agreements associated with a particular service interaction, forming a path between service 437 
consumers and service providers. The execution context is not limited to one side of the interaction but 438 
rather concerns the overall interaction, which includes the service provider, service consumer and the 439 
infrastructure in between. 440 

 441 
 442 

Figure 3-5. Execution Context (adapted from [1]) [Concept Map] 443 
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4 Reference Ontology for Semantic Service Oriented 444 

Architectures 445 

The reference ontology for Semantic SOA formalises and extends those sections of the SOA Reference 446 
Model described above, as illustrated in Figure 1-1. 447 

 448 
Figure 4-1 – Concepts from SOA-RM as preserved in Reference Ontology [Concept Map] 449 

Oval shapes are used to represent the top-level elements from the SOA Reference Model and rectangles 450 
represent the subsidiary elements.  Those which are shaded are the ones on which we concentrate in the 451 
Semantic SOA Reference Ontology.  Although Execution Context and Contracting & Policy are all 452 
important issues for SOA, they are less mature from the point of view of ontology-based semantics, and 453 
less ready for standardisation. Third party extensions may add these to the Reference Ontology and 454 
these may be included in future revisions. 455 

 456 
Figure 4-2 - Extension of SOA RM in the Reference Ontology [Concept Map] 457 
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In Figure 4-2 we show how we have extended and arranged the Reference Model to enable a thorough 458 
semantic description.  New elements are shown in solid black.  The most notable difference is that 459 
Mediator takes the place of Visibility and Visibility becomes are more general concept. Visibility is taken 460 
as more fundamental to the semantics-driven approach and shown underlying all concepts.  Secondly, as 461 
well as a Service Description we introduce the first class notion of Goal Description, which is a top-level 462 
element like Mediator in our extended model. The purpose of the Goal Description is the formal 463 
specification of the objective (tasks or activities) that a user wishes to have performed and for which 464 
fulfillment is sought.  In this way we can make a first class representation of the more restricted sense of 465 
Visibility, from the SOA RM, and Reachability via Mediator. The more general concept of Mediation is a 466 
grouping concept, and represented by a shaded area.  In a similar way, we group the description of 467 
functionality into a concept Capability, and the Behavioural Model and Information Model, describing 468 
Interaction, into a concept Interface. 469 

The Reference Ontology is introduced in small pieces over the next sections and the complete Reference 470 
Ontology can be seen in Figure 4-9. 471 

4.1 Visibility 472 

The two fundamental principles of the semantics-based approach are that: all descriptions of service-473 
oriented concepts should be made in an ontology-based formalism; and that all ontology-based 474 
descriptions should be capable of being connected via mediation.  For this reason we see visibility, which 475 
is the ability to access a description and thereby the service it represents, as the underlying concept of 476 
the entire approach.  This is a stronger notion of visibility than in SOA RM due to the presence of the 477 
Semantic Execution Environment as a proxy; where a semantic description exists, the SEE will execute 478 
the semantically-described service on a client’s behalf. In the following, we introduce the concepts and 479 
requirements for a formalism to be based on ontologies. 480 

4.1.1 Ontologies 481 

Ontologies, as introduced in Section 1.4.2, provide the basis for all elements in the Reference Ontology 482 
and contain classes, instances, properties and axioms. The RO reuses the OWL notion of ontology. 483 

4.2 Service Description 484 

SOA RM requires: “The service description represents the information needed in order to use a service,” 485 
and states that the definition of service “emphasizes a distinction between a capability that represents 486 
some functionality created to address a need and the point of access where that capability is brought to 487 
bear in the context of SOA.”  In SSOA we regard this as the critical division in the description of a service: 488 
the capability description and the interface. 489 

In the Semantic SOA Reference Ontology, these core service descriptions represent a core element in 490 
defining Semantic Web Services, which we aim to support automated reasoning over by the use of 491 
semantic technologies. Therefore semantic descriptions are associated to all resources, thus services as 492 
well. The semantic descriptions are grounded to concrete service interfaces, such that once the semantic 493 
description is known, the capability provided by the service can be accessed as well.   494 

It is important to point out that the Semantic SOA Reference Ontology allows for both functional, including 495 
behavioral, and non-functional descriptions of the service. While the functional descriptions are formal 496 
definitions expressed in terms of ontologies, the non-functional properties are extension of the Dublin 497 
Core. 498 

ServiceDescription

CapabilityDescription Interface

0..1

 499 
Figure 4-3 - The Top-Level Structure of a Service Description [UML] 500 
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4.3 Goal Description 501 

SOA RM defines awareness as the state “whereby one party has knowledge of the existence of the other 502 
party”. Semantic technologies aim to automate as much as possible the process of bringing the service 503 
requesters and the services providers in the “awareness state” and to create a dynamic infrastructure 504 
able to support all the necessary communication aspects.  505 
Along these lines, the Semantic SOA Reference Ontology has adopted the ontological role separation 506 
principle by which the service consumers exist in a specific context, different than the one of the services 507 
to be consumed. As a consequence, the requester needs can be independently formalized as Goals in 508 
accordance with their internal requirements, isolated from the peculiarities of the provider infrastructure, 509 
data or behavior models.  510 
Nevertheless, in order to facilitate the matchmaking process between requester goals and provider 511 
services, the Reference Ontology defines a GoalDescription as being formed from the same elements as 512 
a ServiceDescription: namely a CapabilityDescription and a set of Interfaces. The CapabilityDescription of 513 
a GoalDescription represents the requested capability, i.e. the capability the requester desires to find and 514 
consume. The Interface of a GoalDescription describes the interfaces the requester intends to use during 515 
the communication with the matching service 516 
.  517 

GoalDescription

CapabilityDescription Interface

0..1

 518 

Figure 4-4 - The Top-Level Structure of a Goal Description [UML] 519 

4.4 Capability Description 520 

SOA-RM requires: “A service description SHOULD unambiguously express the function(s) of the service 521 
and the real world effects that result from it being invoked.” 522 

As we have seen in sections 4.2 and 4.3, a CapabilityDescription is a description of the functionality 523 
provided by a service or the functionality desired by a service requester and as such can be linked to one 524 
or more Service or Goal Descriptions. CapabilityDescriptions are generally used for automating the 525 
process of discovering services, by comparing the offered functionality of each provider with the desired 526 
functionality of the requester. A Capability is described in terms of conditions on the state of the world that 527 
must exist for execution of the service to be possible and conditions on the state of the world that are 528 
guaranteed to hold after execution of the service. We make a distinction between the state of the 529 
information and the state of the real world, thus these conditions can be broken down into two groups 530 
namely those related to the state of the information space (preconditions and postconditions) and those 531 
related to the to the state of the real-world (assumptions and effects). By providing these 4 elements, the 532 
Reference Ontology allows the state change that occurs in both the information space and in the real 533 
world to be effectively described. 534 
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ServiceDescription GoalDescription

-assumption : LogicalExpression
-precondition : LogicalExpression
-postcondition : LogicalExpression
-effect : LogicalExpression

CapabilityDescription
0..10..1

 535 
Figure 4-5 – Service and Goal Capabilities [UML] 536 

4.4.1 Functionality 537 

In terms of the SOA-RM the preconditions and postconditions of a service make up the description of its 538 
functionality. Preconditions describe the state of the information space prior to execution and 539 
postconditions describe the state of the information space after execution. Therefore preconditions can be 540 
used to specify what information needs to be available in order for a service to be invoked and 541 
postconditions describe what information will be generated by the service into the information space that 542 
is communicated back to the consumer. 543 

4.4.2 Real World Effect 544 

Many services that can be invoked will have as the SOA-RM describes a Real World Effect, that is that 545 
the process of invoking a service will not only change the state of the data sources related to the service 546 
requester and service provider but also an actual change will occur to the state of the world, for example 547 
when buying a book from a book selling service the physical book will change location from the 548 
warehouse to the home of the purchaser. In the Reference Ontology we consider this real world effect by 549 
describing the state of the world prior to execution in terms of Assumptions and the state of the world 550 
after execution by Effects.  551 

4.5 Interface 552 

SOA-RM specifies that “the service interface is the means for interacting with a service”. Furthermore, 553 
SOA-RM recommends that the interface consists of two parts, Information Model and Behavioral Model.  554 
The Information Model is represented both in a semantic and a structural manner. 555 
In the Semantic SOA Reference Ontology the semantic part of information model is based on an 556 
ontological description, but this needs to be considered both by the capability and the interface, so this is 557 
attached directly to the service (or goal) description, as described in Section 4.5.1.  The structural part of 558 
the information model needs to be considered only by the communicated information and therefore is 559 
represented, via groundings to a schema representation of the appropriate semantic concepts, in the 560 
action model, as described in 4.5.2.1. 561 
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ServiceDescription GoalDescription

Interface

Orchestration Choreography

0..1 0..1

BehavioralModel

ActionModel ProcessModel

-grounding : _iri

Communicable

in
out shared

 562 
Figure 4-6 - The Structure of an Interface [UML] 563 

For the Semantic SOA Reference Ontology, the notion of behavioural model is specialised into two 564 
different concepts, representing different perspectives:  565 

• Service requester perspective - the information that is needed for service execution by the service 566 
requester, specified as Choreography; 567 

• Communication with other services – information on how the service can coordinate the 568 
cooperation between other services in order to fulfill its functionality, specified as the 569 
Orchestration. 570 

4.5.1 Information Model 571 

”The information model of a service is a characterization of the information that may be exchanged with 572 
the service”. As previously described, for Semantic SOA this information is provided by the domain 573 
ontology of the service; this ontology specifies all the information needed for the service execution and  574 
for its communication with other services or with the requestors. 575 
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 576 
Figure 4-7 Ontologies as Semantic Information Model [UML] 577 

4.5.1.1 Semantics 578 

Whenever parties need to deal with one another, there is a need to have a common understanding of the 579 
semantics of the models or messages to be exchanged between them. When the parties use ontologies 580 
for describing their information model, this common understanding implies either a previous agreement 581 
regarding what ontologies are used, or the existence of a mediator for solving any heterogeneity 582 
problems. This will ensure a high degree of automation for the communication. 583 

4.5.1.2 Structure 584 

As described above, some of the concepts (and relations) from the Semantic Information Model will 585 
actually be communicated by the service.  The structural definition of these components will be 586 
represented by the groundings in the Action Model, described in Section 4.5.2.1. 587 

4.5.2 Behavioral Model 588 

The SOA RM defines the Behavioral Model as “knowledge of the actions invoked against the service and 589 
the process or temporal aspects of interacting with the service”. For Semantic SOA this knowledge is 590 
encapsulated by the definition of what information needs to be exchanged during the communication, the 591 
concepts and relations of an ontology being marked to support a particular role (or mode). Furthermore, 592 
the order in which the messages are exchanged needs to be unambiguously specified. 593 

4.5.2.1 Action Model 594 

For specifying what information needs to be exchanged during the communication the concepts and 595 
relations of an ontology are marked to support a particular role (or mode). There are five modes defined 596 
in the state signature:  597 

• static - meaning that the extension of the concept cannot be changed; 598 
• in - meaning that the extension of the concept or relation can only be changed by the 599 

environment and read by the service; 600 
• out - meaning that the extension of the concept or relation can only be changed by the service 601 

and read by the environment; 602 
• shared - meaning that the extension of the concept or relation can be changed and read by the 603 

service and the environment; 604 
• controlled - meaning that the extension of the concept is changed and read only by the service. 605 

 606 

For using the modes defined in the state signature a grounding mechanism needs to be provided for 607 
allowing the environment (i.e. the communication partner) to read or to write information in the services 608 
ontology. For each mode except static and controlled, a different grounding mechanism needs to be 609 
provided as follows: 610 



see-rosoa-v1.0-pr02  21 April 2011 
Copyright © OASIS Open 2008. All Rights Reserved.  Page 24 of 33  

• in - a grounding mechanism for the in items, that implements write access for the environment, 611 
must be provided; 612 

• out - a grounding mechanism for the out items, that implements read access for the 613 
environment, must be provided; 614 

• shared - a grounding mechanism for the shared items, that implements read/write access for the 615 
environment and the service, must be provided. 616 

For the static and controlled items a grounding mechanism is not needed, as these items can either be 617 
changed only by the service or remain unchanged for the duration of the communication. 618 

4.5.2.2 Process Model 619 

The Semantic SOA Reference Ontology is not prescriptive about what form the behavioural description 620 
should take, except that it should take account of the action modes.  621 

OWL-S, for instance, defines a block-oriented process description (composite processes) that coordinate 622 
atomic processes which pair and in- and out-action, mapping down to a WSDL operation. 623 

The SOA4All project has introduced a ‘minimal service model’ where such operations are explicit, and 624 
has investigated a resource-oriented model where operations are attached to resource types and bound 625 
to the HTTP verbs as an implementation of the REST style. Both of these would be types of process 626 
model. 627 

Finally, rules could be used to specify a process model; for instance using the Abstract State Machine 628 
formalism employed by WSML, each rule evaluating some conditions on the current state of the service, 629 
and prescribing which actions are permissible and how these evolve the service state. 630 

4.6 Mediation 631 

SOA RM defines Visibility as "the relationship between service consumers and providers that is satisfied 632 
when they are able to interact with each other". Visibility itself subsists in the publication of Service and 633 
Goal Descriptions, but a prerequisite of Visibility is represented by Reachability, and when two entities are 634 
aware of each other and willing to interact in order to fulfill a need, heterogeneity can be a barrier that 635 
prevents this prerequisite to be fulfilled. Given two heterogeneous entities, mediation enables 636 
Reachability by resolving mismatches between them, which may include (but is not limited to) a Goal and 637 
Service description in the context of discovery. 638 

A mediator is described in terms of the entities it is able to connect and states how it will resolve 639 
mismatches. Ontology to Ontology mediators (OO-Mediators) connect ontologies and resolve 640 
terminological and representational mismatches, Service Description to Service Description mediators 641 
(SS-Mediators) connect service descriptions resolving mismatches between the representation of their 642 
functionality and/or in the means by which they are accessed (i.e., between their capabilities and/or 643 
interfaces), Goal Description to Goal Description mediators (GG-Mediators) connect Goal descriptions 644 
resolving mismatches in the requirements of the service requestor, again either in capability or interface 645 
terms, and Service Description to Goal Description (SG-Mediators) connect Service descriptions and goal 646 
descriptions, mediating between the consumer’s and provider’s viewpoint of the functionality and/or its 647 
access. Each of these different types of Mediator can specify a mediation service that can offer the 648 
functionality for that mediator. By using a Mediation Service, a Mediator explicitly describes the link to a 649 
concrete solution to perform mediation. This mechanism allows Mediators to be used to describe pieces 650 
of functionality offered by complex services that are able to perform concrete mediation scenarios. A 651 
mediation service can either be a Goal or a Service Description. The former links to a Goal that is to be 652 
used in the discovery process to find a Service offering the functionality described by the Mediator, while 653 
the latter directly links to a Service that is able to offer the functionality described by the Mediator. 654 

By publishing the description of the Mediator and all its needed Ontologies, Goal and Service 655 
Descriptions, the requirements for Visibility are met, thus allowing a Goal to interact with the Service.  656 
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 657 
Figure 4-8 – Mediators and their Connection of other RO Concepts [UML] 658 

4.7 Complete Reference Ontology 659 

Figure 4-9 shows complete UML diagram for the Reference Ontology, which combines all the information 660 
from Error! Reference source not found. to Figure 4-8.  The formalization of this ontology in RDFS is 661 
presented in Appendix B. 662 
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 663 
Figure 4-9 - The Complete Reference Ontology [UML] 664 
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5 Conformance 665 

This Reference Ontology for Semantic Service Oriented Architectures is an abstract framework for 666 
understanding significant entities and relationships between them within a Semantically-enabled Service-667 
Oriented environment. It may be leveraged for the development of related standards or specifications 668 
supporting that environment, as well as guiding efforts to realize concrete solutions. As such, it has no 669 
explicit conformance statements. 670 

 671 
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A. Glossary 672 

This section extends the terminology described in Glossary (Appendix A) of the “Reference Model for 673 
Service Oriented Architecture, Public Review Draft 1.0” and introduces any new terms needed by the 674 
Semantic SOA Reference. The two glossaries are intended to be used together, therefore terms from the 675 
other glossary will not be repeated here. 676 

 677 

Goal Description-to-Goal Description Mediator (GG-Mediator) 678 

Connects Goal descriptions resolving mismatches in the requirements of the service requestor in 679 
terms of the requested functionality and/or in the means by which they wish to access the service 680 

 681 

Internet Reasoning Service 3 (IRS III) 682 

A framework and infrastructure that supports the creation of Semantic Web Services according to 683 
the WSMO ontology. 684 

 685 

Managing End-To-End OpeRations for Semantic Web Services and Processes (METEOR-S) 686 

Project that aims to extend Web service –related standards with Semantic Web technologies to 687 
achieve greater dynamism and scalability for Service-oriented Architectures. 688 

 689 

Object-oriented Design (OOD) 690 

Object-oriented design is part of OO methodology and it forces programmers to think in terms of 691 
objects, rather than procedures, when they plan their code. 692 

 693 

Ontology-to-Ontology Mediator (OO-Mediator) 694 

Connects ontology and resolves terminology as well as representation or protocol mismatches. 695 

 696 

Resource Description Framework (RDF) 697 

Resource Description Framework (RDF) is a family of World Wide Web Consortium (W3C) 698 
specifications originally designed as a metadata model but which has come to be used as a 699 
general method of modeling information, through a variety of syntax formats. 700 

 701 

Rule Interchange Format (RIF) 702 

The Rule Interchange Format (RIF) is a W3C recommendation-track effort to develop a format for 703 
interchange of rules in rule-based systems on the semantic web. The goal is to create an 704 
interchange format for different rule languages and inference engines. 705 

 706 

Semantic Annotations for WSDL (SAWSDL) 707 

The Semantic Annotations for WSDL and XML Schema (SAWSDL) W3C Recommendation 708 
defines mechanisms using which semantic annotations can be added to WSDL components. 709 

 710 

Semantic Execution Environment (SEE) 711 

Execution environment capable to consume semantic messages, discover semantically described 712 
Web services, and invoke and compose them for the end-user benefit. 713 

 714 
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Semantic Web 715 

The Semantic Web is an evolving extension of the World Wide Web in which the semantics of 716 
information and services on the web is defined, making it possible for the web to understand and 717 
satisfy the requests of people and machines to use the web content. [cite: Wikipedia] 718 

 719 

Semantic Service Oriented Architecture (SSOA) 720 

A Semantic Service Oriented Architecture (SSOA) is a computer architecture that allows for 721 
scalable and controlled Enterprise Application Integration solutions. SSOA describes a 722 
sophisticated approach to enterprise scale IT infrastructure. It leverages rich, machine-723 
interpretable descriptions of data, services, and processes to enable software agents to 724 
autonomously interact to perform critical mission functions. [cite: Wikipedia] 725 

 726 

Semantic Web Services (SWS) 727 

Semantic Web Services are self-contained, self-describing, semantically marked-up software 728 
resources that can be published, discovered, composed and executed across the Web in a task 729 
driven semi-automatic way. Semantic Web Services can be defined as the dynamic part of the 730 
semantic web. 731 

 732 

Semantic Web Service Ontology (SWSO) 733 

An ontology for Semantic Web Services, which is expressed in two forms: FLOWS, the First-734 
order Logic Ontology for Web services; and ROWS, the Rules Ontology for Web services, 735 
produced by a systematic translation of FLOWS axioms into the SWSL-Rules language. 736 

 737 

Service-oriented Architecture (SOA) 738 

Service Oriented Architecture (SOA) is a paradigm for organizing and utilizing distributed 128 739 

capabilities that may be under the control of different ownership domains. 740 

 741 

Unified Modeling Language (UML) 742 

The Unified Modeling Language (UML) is a standardized visual specification language for object 743 
modeling. UML is a general-purpose modeling language that includes a graphical notation used 744 
to create an abstract model of a system, referred to as a UML model. 745 

 746 

Web Ontology Language for Services (OWL-S) 747 

OWL-S is an ontology built on top of Web Ontology Language (OWL) by the DARPA DAML 748 
program. It replaces the former DAML-S ontology. 749 

 750 

Web Service Description Language (WSDL) 751 

The Web Services Description Language is an XML-based language that provides a model for 752 
describing Web services. 753 

 754 

Service Description-to-Goal Description Mediator (WG-Mediator) 755 

Connects service descriptions and goal descriptions, mediating between the consumer’s and 756 
provider’s viewpoint of the functionality and/or its access 757 

 758 

Service Description-to-Service Description Mediator (WW-Mediator) 759 

Connects service descriptions resolving mismatches between the representation of their 760 
functionality and/or in the means by which they are accessed. 761 
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 762 

Web Service Modeling eXecution environment (WSMX) 763 

An execution environment for business application integration where enhanced Web services are 764 
integrated for various business applications. It is the reference implementation of WSMO (Web 765 
Service Modeling Ontology). 766 

 767 

Web Service Modeling Language (WSML) 768 

A language that formalizes the Web Service Modeling Ontology (WSMO). 769 

 770 

Web Service Modeling Ontology (WSMO) 771 

WSMO or Web Service Modeling Ontology is an ontology currently developed to support the 772 
deployment and interoperability of Semantic Web Services. 773 
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B. RDF(S) Formalization of Reference Ontology 774 

 775 

@prefix : <http://docs.oasis-open.org/semanticsoa/referenceontology/v1.0#>. 776 
@prefix owl: <http://www.w3.org/2002/07/owl#>. 777 
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>. 778 
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#>. 779 
 780 
:Ontology rdfs:subClassOf owl:Ontology, :Description. 781 
 782 
:uses rdfs:domain :Ontology; 783 
      rdfs:range :OOMediator. 784 
 785 
:ServiceDescription rdfs:subClassOf :Description. 786 
 787 
:GoalDescription rdfs:subClassOf :Description. 788 
 789 
:imports rdfs:domain :Description; 790 
         rdfs:range :Ontology. 791 
 792 
:has_interface rdfs:domain :Description; 793 
         rdfs:range :Interface. 794 
 795 
:offers_capability rdfs:domain :ServiceDescription; 796 
         rdfs:range :CapabilityDescription. 797 
 798 
:requires_capability rdfs:domain :ServiceDescription; 799 
         rdfs:range :CapabilityDescription. 800 
 801 
:LogicalExpression rdfs:subClassOf rdfs:Literal. 802 
 803 
:precondition rdfs:domain :Capability; 804 
              rdfs:range  :LogicalExpression. 805 
 806 
:assumption rdfs:domain :Capability; 807 
            rdfs:range  :LogicalExpression. 808 
 809 
:postcondition rdfs:domain :Capability; 810 
               rdfs:range  :LogicalExpression. 811 
 812 
:effect rdfs:domain :Capability; 813 
        rdfs:range  :LogicalExpression. 814 
 815 
 816 
:has_choreography rdfs:domain :Interface; 817 
                  rdfs:range  :Choreography. 818 
 819 
:has_orchestration rdfs:domain :Interface; 820 
                   rdfs:range  :Orchestration. 821 
 822 
:Choreography rdfs:subClassOf :BehaviourModel. 823 
 824 
:Orchestration rdfs:subClassOf :BehaviourModel. 825 
 826 
:has_actions rdfs:domain :BehaviourModel; 827 
             rdfs:range  :ActionModel. 828 
 829 
:has_process rdfs:domain :BehaviourModel; 830 
             rdfs:range  :ProcessModel. 831 
 832 
:hasInAction rdfs:domain :ActionModel; 833 
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             rdfs:range :Communicable. 834 
 835 
:hasOutAction rdfs:domain :ActionModel; 836 
              rdfs:range :Communicable. 837 
 838 
:hasSharedAction rdfs:domain :ActionModel; 839 
                 rdfs:range :Communicable 840 
 841 
:Communicable rdfs:subClassOf rdfs:Class. 842 
 843 
:grounding rdfs:domain :Communicable; 844 
           rdfs:range rdfs:Literal. 845 
 846 
:Mediator rdfs:subClassOf :Description. 847 
 848 
 849 
:source rdfs:domain :Mediator; 850 
        rdfs:range :Description. 851 
 852 
:target rdfs:domain :Mediator; 853 
        rdfs:range :Description. 854 
 855 
:mediationService rdfs:domain :Mediator; 856 
                  rdfs:range :Description. 857 
 858 
 859 
:usesMediator rdfs:domain :SGMediator; 860 
              rdfs:range :OOMediator. 861 
 862 

Listing 3: Semantic SOA Reference Ontology Expressed in RDF(S) as Turtle 863 
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