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Where is the wisdom? Lost in the knowledge.
Where is the knowledge? Lost in the information.

-- T.S. Eliot

Abstract and Message –Because SOA can be viewed from both a business and technical perspective it requires some integrative perspective between these to bring them together.  Standardized semantic models are what connect the business semantics inherent in quality business analysis and semantic technologies used to implement SOA.  While generally acknowledged that semantics is needed, most discussion within SOA concerns the representation of meaning in standards and not how to achieve semantic agreements.    So while SOA literature plays lip service to standards such as OWL to structure ontologies in order to build better and more interoperable SOAs, there remains a degree of skeptical about the practicality of  applying ontological analysis to build useful service ontologies. This talk discusses how proper ontological analysis can be used to ground SOA work in particular and information systems in general.
SOA synthesizes several powerful ideas among which a key one is improved business semantics.  For example, the meaning of data and services and their relationship with each other must be currently be interpreted by a human, while real benefits will allow service agents to dynamically assess the meaning of data and services along with their relationship. The definition of services as well as the specification of what such useful and secure collections of information must contain, goes well beyond simply establishing an XML tag structure for the data.  Because a service orientation involves a modular design principle where services are autonomous in nature, we require some means of specifying and relating concepts across service boundaries.  These specifications should explicate how specific pieces of data are observed, classified, organized into entities, associated with other pieces of data, how processes are formed, and the representation of well defined and well-typed events that trigger the whole process.  This together with the demand for a robust architecture like SOA, able to respond to the demands of businesses to integrate internal/external service systems, involves serious challenges that make SOA difficult to realize across an Enterprise. A simple list of recognized integration challenges to be resolved by service solution architects include identity management, service aggregation, and entity aggregation.  These have been well studied in semantic models but are not typically known in depth by service architects. We need to leverage both enhanced service and data semantics to realize the benefits of an SOA. We also need to find a practical way to do this.  
Initial steps on the path to improved semantics is largely a story of practical reuse of R&D work on semantics
 and  incremental reuse of methods, products, standards, especially the semantics of web services.  We need better standards for our service models. Currently there is no universally-accepted model that adequately describes both the business and technical characteristics of a service or bridges from one to another as is needed for implementation. As a result providers describe/define services using a wide range of ad hoc methods with different standards, including UML models and Web Services Definition Language (WSDL).  Because Web Services represents the prevalent technology for implementing SOAs standards associated with web service, like WSDL, are the de facto service definitions standard. Taken together use of WSDL defines only how to interact with the service, it does not handle service functionality and usage. Use of a WS-Policy framework, with WS-PolicyAssertions and WS-PolicyAttachments allows for the incorporation of service constraints into WSDL definition but even with these additions, WSDL does not provide adequate/unambiguous Service Definitions. As a result key parts of services remain understood only by developers. Making services understood by automated systems is widely mentioned and even assumed in discussions of agile business.  However, not enough practical progress has been made because semantic web standards and products are relatively new and still evolving. A general idea is that a pprerequisite for the use of semantics in Web Services is the creation of “quality” ontologies with non trivial content that formalizes the concepts used in Web Services.  The relevant standard to capture ontological knowledge is OWL, but the process to capture this knowledge is not well understood in the SOA community.  The following are examples of what should be considered.
Ontological depth , Families of Related, Formal Semantic Models and Model “Integration”

It is important to leverage existing models and methods for integration separate ontological modules.  SOA has started using a taxonomic approach
 as part of some standards, but all too often these are treated as relatively informal collections developed by an ad hoc group of domain experts within a Community of Practice (COP).  This is illustrated in Figure below - a very informal hierarchy of transportation concepts developed as part of the Federal Enterprise Architecture.  

The COP that developed this may not understand the proper role of taxonomies, but it sure valued XML and their “formalization” in RDF to express the hierarchy.  In general COP groups lack expertise on how to create quality taxonomies or how to validate then.  Lacking ontological expertise, past work with taxonomy creation is not leveraged.  But once explained good ontological practice may be used by service architects since it shares principles of reuse and making commitments explicit.

A best practice while building taxonomies (and the more general ontologies) is less one of trying to create a simple, homogeneous taxonomic system to constrain the interpretation of concepts in an SOA (or information system), then of providing a means to navigate and see alternative interpretations, matching up alternative conceptualizations,  and understanding possible  alternative contexts of use.  An approach to aid COPs in this task is to employ a spanning family of taxonomies/ontologies.  This provides ontological depth.  Deep ontology families are designed to allow the existence of multiple pathways among concepts but within a common conceptual framework. This framework is built by reusing domain-independent components that are flexible, but can be focused on the main business
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domain processes and entities.  All models have to judge an “appropriate model focus” for what Pisanelli et al (2004) call modeling precision. SOAs have tended to use shallow analysis and commitment which gets represented in weaker formalism.    One way to improve this is to use scalability of formality strategically to enhance SOAs in a manageable way.  The most expressive formalisms can be used to represent detailed accounts of intended meanings in an independently maintained reference ontologies Selecting these is facilitated by using an ontologist as part of the COP work.  The ontologist can also help select and adapt more general, domain-independent, taxonomies/ ontologies.  These characterize all the general notions needed to talk about services; for example: identify, parts, agents, attribute, aggregates, activities, plans, regions of space or time etc. 
These general concepts are used to ground a semantic model family and more specific concepts that represent the core ideas that capture the organization of the main conceptual schemas that domain people actually use.   Often business processes are organized around certain plans that govern a family of activities involving certain business artifacts applied to business goals in certain areas of parts of the business, conducted by certain business roles (e.g. buyers). Representing such business plans is difficult in extant business modeling tools, but can be captured in ontologies.  Often the types of plans is identified in business taxonomies, but their structure not well captured. In order to benefit from the full integration that a semantic approach allows COPs need to transform informal schemas into formal ones which avoid certain  ambiguities. One method for doing this is OntoClean (Guarino and Welty, 2002)  which  consists of principles for building quality taxonomies especially general ones based on highly general ontological notions drawn from philosophical analysis.  Sadly such methods are not typically employed with either SOAs or Enterprise Architectures.
Other semantic problems to consider improving for SOA models include:

1. Lack of axioms: the problem of “naked” taxonomies, unsupported by axioms or

By controlled explanation of definitions. Axioms can capture abstract difference between things in a DB like objects and regions. An axiom specifys that objects must be located at some region. Such an approach might begin by adding some top axioms to say things like “Enterprise as product is continuant and as a process is occurrent”. These are all important, but SOAs need more of an integrated method on how to develop these and how they work with related epistemological and ontology issues.  For example, SOA models typically have trouble showing the integration of objects (continuants) and processes (occurrents) not only because these high-level concepts are not typically formalized in an archicture
 but also because SOA models representing these, as we have seen, are not grounded, integrated or harmonized.     A major challenge, for example, is how to employ intended meanings expressed by a rich, related set of abstract primitives in an SOA.
2. Semantic imprecision: This may reflect the sloppy use of terms whose meaning is not well proscribed - for example, when using an Or is it an inclusive or exclusive Or?  When are 2 business events treated as equivalent?  

3. Ontological opaqueness needed to support extensibility and agility:y Ontologies are opaque is one can’t understand conceptual choices.  What motivates one formulation or choice of terms over another.  Opaqueness in a core, domain model can be due to a lack of reference to an explicit, axiomatized generic ontology  
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Figure 1 Transportation Class Hierarchy





<?xml version="1.0"?> <rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" xmlns:xsd="http://www.w3.org/2001/XMLSchema#" xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" xmlns:owl="http://www.w3.org/2002/07/owl#" xmlns:daml="http://www.daml.org/2001/03/daml+oil#" xmlns="http://www.owl-ontologies.com/unnamed.owl#" xmlns:dc="http://purl.org/dc/elements/1.1/" xml:base="http://www.owl-ontologies.com/unnamed.owl"> <owl:Ontology rdf:about=""/> <owl:Class rdf:ID="Transportation"/> <owl:Class rdf:ID="AirVehicle"> <rdfs:subClassOf rdf:resource="#Transportation"/> Etc.








� For example, work at the European Centre for Ontological Research (ECOR) to develop a new approach for applying ontology to a variety of problems in information science.


� A taxonomy is a collection of classes with a partial order induced by inclusion (classification) based on “type” sub-type relations.


� This reflects the EA/IS principle of separation of enterprise behavior and functionality to increase organizational flexibility, i.e. enterprise behavior can be updated without changing installed functionalities and vice versa.  SOAs like this type of modular encapsulation to handle complexity, but there are semantic consequences.
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