SEE and SOA-RM - A Compared Analysis
This document has as scope to provide an analysis of the SEE technologies in respect with SOA-RM specifications. The document runs through the SOA-RM elements and tries to identify the correspondent principles or underplaying technologies in SEE. 

1 Implementing the SOA-RM specifications – the SEE approach

In this section we take each of the SOA-RM elements and discuss how are they cover by WSMO (the conceptual model of SEE) and by SEE itself. We start with the notion of service, continue with dynamics of services and finalized with the actual elements around the concept of service. 

1.1 Service

SOA-RM defines the notion of service as follows: “A service is a mechanism to enable access to one or more capabilities, where the access is provided using a prescribed interface and is exercised consistent with constraints and policies as specified by the service description.” WSMO and SEE main focus is on Web services, a type of services that obviously obey the above description. 

Additional to the classical Web services of WSDL description and SOAP-based invocations, WSMO provides an extra layer: the semantic description of Web services. Further on, we want to prove that exactly these semantic descriptions layered on top of a proper service execution environment, enable what we are calling the new generation of SOA architecture, in accord with the OASIS SOA-RM standard specifications.

SOA-RM identifies four main aspects regarding the service that have to be considered in SOA:

· Enable access to one or more capabilities. In WSMO and SEE services are seen as well as computational entities that enable a requester to gain access and to consume certain functionality. WSMO prescribes that a service should have only one capability – a stronger condition that the one imposed by the SOA-RM.
· Access through a prescribed interface. WSMO makes a clear distinction between interface and the capability on one hand, and between the interface and the implementation of the service on the other hand. A WSMO service interface contains all the necessary information one needs to access/invoke the service. 
· Opaque to the service consumer except from the information and behavior models in the interface and the information required to asses if a service suits the requester needs. In WSMO the above mentioned two-sided separations fully match this requirement. The separation between the implementation ant the interface assures that none of the private business logics or the internal computational/technical details are revealed. By the separation between the interface and the capability WSMO makes sure that it is clearly stated what information needs to be used when finding the suited service (i.e. during the discovery service) and what information is needed after discovery when the service needs to be invoked. In WSMO the interfaces and the capability are semantically described (this description might include also the grounding to the actual implementation of the service, e.g. the WSDL web service). 
· Consequences of invoking a service should be either response information to the invocation or a change to the shared state of the defined interface. WSMO goes one step further and as part of the capability, it formally describes the conditions to hold on the outputs after the invocation of the service (i.e. conditions) as well as the changes on the outside world (i.e. effects). SEE has the role (during the discovery phase) to check if the post-conditions and the effects match the requester needs. 
It is important to note that because the SEE operates on WSMO services this requirements are fully fulfilled. Further more, by use of semantics explicit information about service’s interface and capability is given; the semantic descriptions present a significant advantage on the WSDL description (or on the service descriptions in an UDDI repository) which are in general less expressive and in most of the cases rather ambiguous. 
1.2 Dynamics of Services

SOA-RM also provides guidelines regarding the interactions of the requester with a service.  As such, it identifies three fundamental concepts related with dynamics of the service: Visibility, Interaction and real world effect. In the following subsections we will analyze each of them from the WSMO and SEE perspective. 

1.2.1 Visibility 
Visibility in terms of SOA-RM is characterized in terms of Awareness, Willingness and Reachability.
Awareness 
Awareness is state whereby the service requester is aware of the service provider or other way around. It is normally achieved by having either the requester or the provider discovering the information the other party published in public directory for example.

WSMO offers support for creating semantic description of services and by this enables the creation of intelligent discovery mechanisms. It is the role of SEE to provide the actual discovery services that would make use of (semantics-enabled) service repositories.

WSMO considered so far only one-way discovery: form the requester to the provider. According to WSMO, a requester has to formalize its needs in Goal (i.e. a semantic description of its requirements) and to submit it to an intelligent discovery engine for resolutions. SEE includes such a discovery service able to resolve a Goal and to retrieve all matching services from a given repository (previously the semantic descriptions of the services have to be registered in the repository). 
Willingness 
Willingness is about the intent to communicate. Even if the discovery process has been successful without willingness to communicate from both requester to provider the interaction will fail.  
WSMO does not directly prescribe any mechanisms dealing with this matter. But WMSO assumes that both partners would comply to the behaviors described in the interfaces of the Goal and Service, respectively, and that any special conditions that have to be fulfilled or actions to be taken in order to have a successful conversation are present in the capability’s preconditions. 

Additionally, since one of SEE‘s role is to manage the conversation there could be compensatory measures and strategies implemented in case one of the partners is not willing to interact. 
Reachability 
In WSMO this aspect is considered to be part of the infrastructure that supports the Semantic Web Services and their requesters. 

SEE ha the role of providing such an environment and even if the semantic technologies are used to enhance the main operations on services (e.g. discovery, invocation), standards are used as underlying, lower level technologies (e.g. SOAP, WSDL, etc.).
1.2.2 Interacting with services
“Interacting with a service involves performing actions against the service. In many cases, this is accomplished by sending and receiving messages, but there are other modes possible that do not involve explicit message transmission.”
Information model 
Conform to SOA-RM the information model of a service is a characterization of the information that may be exchanged with a service. The information model includes the format of information that is exchanged, the structural relationships within the exchanged information and also the definition of the terms used. Additionally, an important fact is the semantics associated by the application to this information model, semantics which might vary from on system from another. 

One of the strongest point of WSMO and SEE, and in general of semantic-based systems, is that they offer means to unambiguously describe such information models. In WMSO all the elements provided in the model are ontology-centric: everything is semantically describes by using ontologies. All the data exchanged between partners is structurally and semantically described by ontologies. SEE is a semantic environment as well and all the internal messages exchanged by its components and with the requester and/or receiver are ontology instances, i.e. semantically described data. In this way the semantic engagement is clear and it is the same for the requester and for the provider. 
If, for whatever reason, this semantic engagement does not coincide for the partners that are communicating (i.e., they use different information models) mediation system can be used. Such systems are able to resolve the heterogeneity problems between different models, using semantic techniques as well. 
Behavioral model

The behavior model deals with knowledge of the actions invoked against the service and the process or temporal aspects of interacting with the service. It consists of two distinct aspects: the action model and the process model. The first one deals with the characterization of actions that can be invoked against the service, while the second deals with the temporal relationships of actions and events associated when interacting with a service. 
The action model is captured in WMSO by the capability of the service, in the assumptions, preconditions, post-conditions and the effects of the service. They specify exactly what conditions need to hold before invoking the service and what conditions need to hold after the invocation of the service (both in information space and in the real world). 
The process model is captured by the interface of a WSMO service, especially in the choreography. It describes in details what re the expected messages and what is going to be delivered in a certain point of the conversation. 

It is important to note that both the capability and interface of a service are augmented with semantics: all the notions and concepts used to define them are entities from the ontologies with a precise semantics. 

Real world effect
WSMO allows to model in capability of the service (as described in the previous section) what are the effects of the service execution in the real world. 

1.3 About services

“In support of the dynamics of interacting with services are a set of concepts that are about services themselves. These are the service description, the execution context of the service and the contracts and policies that relate to services and service participants.”
1.3.1 Service description 
“The service description represents the information needed in order to use a service.”

In WSMO, service descriptions represent a core element in defining Semantic Web Services. Semantic descriptions are associated to all resources, thus services as well. The semantic descriptions are grounded to concrete service realizations, such as once the semantic description is known the implementation of the service can be found as well.  

It is important to know that WSMO allows for both functional and non-functional descriptions of the service. While the functional descriptions are formal definitions expressed in terms of ontologies, the non-functional properties are extension of the Dublin Core, and might contain human-readable descriptions as well.
Service Reachability
“…a service description SHOULD include sufficient data to enable a service consumer and service provider to interact with each other.”
In WSMO the reachability information is captured by grounding which has to role of bridging the semantic descriptions with the technical implementation of the service. SEE implements such grounding both for the data as well as for the behavior related descriptions.
Service Functionality 

As mentioned before, WSMO provides the means to describe the service’s functionality. Every WSMO service’s description has a capability definition, which consists of preconditions, assumptions, postconditions and effects. All this elements are formal definitions referring to terms defined in ontologies. 
Policies Related to a Service
WSMO latest specifications does not currently offer any support for Policies and Contract. However, there is ongoing work to align WSMO with existing Web service specifications. 
Service Interface 
As mentioned above, in WSMO the interfaces have distinctive place in the service description. WSMO service interface has two main parts: the choreography and orchestration. The first prescribes how a requester can interact with the service while the second describes how the service functionality is achieved by composing other services functionality. 
1.3.2 Policies and contracts

WSMO latest specifications does not currently offer any support for Policies and Contract. However, there is ongoing work to align WSMO with existing Web service specifications. 
1.3.3 Execution contexts 
“The execution context of a service interaction is the set of infrastructure elements, process entities, policy assertions and agreements that are identified as part of an instantiated service interaction, and thus forms a path between those with needs and those with capabilities.”

WSMO, as conceptual model, does not define how the path between the requester and the provider should be established, or what infrastructure elements should be used. It just creates the artifacts for the requestors and the providers to formalize their needs and to describe their capabilities (Goals and Services descriptions), respectively.  

It is the role of SEE to tackle this aspect, to manage the requester-provider interactions. The conversation between the two parties takes place as specified in the interfaces (i.e. choreography and orchestration). Multiple conversations can be managed as well, as well as multiple interactions of the same service (several service instances). By grounding, the semantic-based methodologies are used in conjunction with the technological/infrastructural components. 

Depending on each particular execution contexts, special operations, such as mediation can take place. Since for a particular conversation, a common semantics has to associated to the information and behaviors model, different mediation techniques might be employed (at data, process or protocol level).  
