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Introduction
The number of players in the Telecommunications industry has increased rapidly in recent years and continues to do so. The transformation of the industry has been brought about both through regulation and through the emergence of technologies such as Internet and mobile and their convergence with what is seen as traditional Telecommunications.  The days of one organisation providing end-to-end services to customers via their own retail operation and hardware are gone. Supply chains now involve many players of differing size and function. This presents a challenge: how to efficiently provide service fulfilment, assurance and billing across the organisational boundaries in the supply chain. The problem is exacerbated by the fact that today’s market is fast moving and that Business-to-Business (B2B) relationships are far from static. Getting a new service to market before a competitor may involve further integration with an existing partner or integration with new partners. A key part of this process is the integration of the heterogeneous Operational Support Systems (OSS) of the various parties. This can be a costly process. A Forrester survey found that average spending on integration by the top 3500 global companies was $6.3 million and 31% was spent on integrating with external trading partners. In the telecommunications sector, costs of OSS integration can rise to 70% of the total OSS budget.

BT and most large companies are transforming their systems with the adoption of a Service Orientated Architecture (SOA) which can be defined as a system in which resources are made available to other participants in the network as independent services that are accessed in a standardized way – allowing more flexible, loose coupling of resources than in traditional systems architectures. The business goals are to increase speed to market (organisational agility), to reduce overall IT costs (through greater reuse and reduced integration costs), to improve the alignment of IT with the business, but also to differentiate themselves in their customer service (e.g. through improved responsiveness, leaner/faster support processes, quicker delivery, etc.). SOA components can be exposed to business partners allowing service-chains to be developed across organisational boundaries. 

As part of the DIP project
, BT has developed an approach to support OSS integration by using semantic descriptions of the system interfaces and messages which allows semi-automatic mediation to be carried out between the data and process requirements of the interacting parties. This permits greater automation in the integration process and will allow Service Providers to better meet the needs of the end customer. This is of great importance since without such automation, it is likely that the benefits of the SOA approach will not be fully realised since the need for manual intervention will remain high. The aim is to not only reduce the time and cost involved in establishing and maintaining integration but to allow a more flexible approach to integration to prevail where partners and services can be dynamically discovered and integrated at (or at lease very close to) run-time. A use case is presented that focuses on a Service Assurance scenario involving BT Wholesale’s B2B gateway. The interfaces exposed by the B2B gateway can be seen as service components in an end-to-end service chain which has the customer at the end and the aim of ensuring that the customer’s needs are met.
Semantic Mediation

The concept of mediators which, although in existence for a number of years, has recently been adopted by the Semantic Web community in efforts to apply semantics to a Service Orientated Architecture.

Mediators are components which enable heterogeneous systems to interact. Their key role is to exploit data to create information for higher level applications. Knowledge represented in an implementation neutral manner can more readily be used and re-used in different applications.  Mediators can be used to represent the interface requirements of a source implementation into knowledge that can be transformed as appropriate before being converted to satisfy the requirements of a target interface. 

Mediation can be classified as acting on both data and process. Data mediation is required when even though the semantic content of a piece of data or message provided by one system and required by another is the same, the syntactic representation is different. This may be due to differing naming or formatting conventions employed by the partner systems. In order to overcome these mismatches, a graphical mapping tool can be applied.  These can be used to map source elements to target elements often on a one-to-one basis although more complex mappings are also possible. Once a data mediator has been developed it can be expressed in a declarative form such that other users (be they humans or computers) can inspect it and determine whether they can make use of it.

Process mediation is required when the semantic content of a process is shared by both parties but when the messages or message exchange patterns of the parties required to achieve that process differ. 

The process mediator must ensure that the message exchange required by each party is adhered to. As a result the mediator may need to, for example, create new messages that appear to come from the source party and send these to the target. The content of such created messages will have been obtained from the source by the mediator either by explicitly asking for it or by retaining it until it was required by the target. An example of process mediation is shown in Figure 1. This simple example is based upon the TestRequest message exchange between an ISP Trading Partner and BT Wholesale, which is part of the BT Wholesale B2B gateway. The Trading Partner’s message exchange is shown on the left-hand-side. It sends a TestRequest for which it expects an acknowledgement. It then later expects to receive the result of the test including whether it was accepted or rejected. BT’s message exchange is shown on the right-hand-side. It expects to receive a TestRequest message but does not send an acknowledgement. It then either rejects or accepts the test and sends an appropriate message for this decision. If the test was accepted the TestResult message is sent following the completion of the test. The process mediator has two tasks to perform in order to allow the process to be carried out successfully. Firstly, it is aware that an acknowledgement is required by the trading partner but is not sent by BT, so it creates a suitable acknowledgement and sends this to the trading partner. No data is contained in the acknowledgement other that the fact that the TestRequest message has been received by BT. Of course, there is no guarantee that the message has been received but this must be assumed by the process mediator in order to allow the process to complete. The second task is to mediate the response to TestRequest. In the case of a test that is rejected by BT, the message can be immediately forwarded to the trading partner (some data mediation may be required) since no further interaction is required. When a test is accepted the process mediator absorbs the AcceptTest message and awaits the TestResult. Upon receiving the Test Result it merges its content with the content of the AcceptTest message into the Result message required by the Trading Partner.
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Figure 1. Process Mediation
Assurance Integration Use Case

BT Wholesale’s B2B Gateway is provided to Internet Service Providers to allow them to integrate their Operational Support Systems with those of BT. Without such a system the ISP would either need to manually coordinate with BT via a BT contact centre or operate a system separate to its own OSS that communicated with BT’s – thus requiring information to be entered twice. 

The Gateway currently exposes a number of interfaces concerned with service fulfilment and assurance. The interfaces allow Service Providers to manage faults (i.e. raise and manage faults, request, confirm and cancel repair appointments and receive status fault status notifications) and carry out diagnostics (i.e. request tests and handle the response to these). 

Currently the process involved in granting access to the Gateway for a new service provider onto the Gateway is lengthy and complex and can take several months from start to finish. Any approach that can reduce development time, improve the quality of development through enhanced understanding and as a result avoid significant problems during the testing and pilot phases will naturally save BT and its partners significant time and money. 

The B2B Integration Platform Prototype

The prototype system – The B2B Integration Platform – has been developed to allow mediation to occur between the ISP systems and the B2B Gateway. The prototype is based upon the execution environment of the Web Services Modeling Ontology – WSMX
. The components of this architecture include Process Mediation and Choreography (which is required by process mediation to conform to the message exchange patterns of the partners), Data Mediation and Invocation. Adaptor components have been added to allow low level message to be represented in a form that can be interpreted by WSMX – which is WSML, WSMO’s associated language.
In the specific use case, multiple Service Providers are interfacing with one Wholesale Provider (BT). As such, the diversity is at one end only. However, outside of the use case, the scenario could easily be expanded to include diversity at both ends where Service Providers interact with multiple Wholesale Providers (depending on location, technology, (e.g. ADSL, cable, satellite) etc.). In this scenario, extra benefit is provided to the Service Providers as they are able to more easily reconfigure their systems and processes to interact with alternative Wholesale Providers.

Design-time

The prototype relies upon a number of design-time activities that must be carried out in order for mediation to occur at run-time. From BT’s point of view, the key design-time task is to represent its interfaces semantically. This includes adapting the messages descriptions to the language of the platform – WSML. This adaptation step is fully automatic and the result is an ad-hoc messaging ontology that simply represents the descriptions of the various messages in WSML. Following the adaptation, the elements within these descriptions can then be referenced against a domain ontology, perhaps using an industry standard approach such as the Shared Information / Data Model of the TeleManagement Forum
. These references provide context to the data and allow their semantic meaning to be inferred.

The final design-time task for BT is to semantically describe the message-exchange pattern that it expects – this is known as choreography. The choreography relates the semantic content of the messages to a semantic description of the process. This can be used by a process mediator to reason about how to mediate to a target choreography. It may be possible to automatically generate the choreography description if a suitable process description approach for the native interface (such as the Business Process Specification Schema of ebXML). The design-time tasks for BT are illustrated in Figure 2.
From the perspective of the Trading Partner, the design-time activities include applying an appropriate adaptor to their messages descriptions, defining its own semantic choreography description and defining a data mediator between its data representation and that of BTs. This final step is perhaps the most important and labour intensive, however the open architecture should allow discovery and reuse of mediators should they already exist. The end result of this mediation step is that the ad hoc messaging ontology of the Trading Partner is mapped to the domain ontology enabling semantic equivalence. A data mediator is produced that is stored and applied at run-time. The mediator acts as a declarative transform that can be dynamically discovered and applied in other (perhaps closely related) scenarios. As such, it should be stored in such a way that other parties can later discover it. 
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Figure 2. BT Design-time tasks.

The choreography of the Trading Partner can be considered against the choreography of BT by the Process Mediation system which can reason whether it is possible to mediate and if so, automatically generate a process mediator. This reasoning step can be carried out at design-time if the two parties are known at this stage (as is the case here) or at run-time if one of the parties discovers the other in a dynamic run-time scenario. This latter case is only feasible if data mediation has already occurred or a suitable data mediator can be discovered.
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Figure 3. Trading partner design time tasks. 

Run-time

The sequence of events at runtime are:

1. The trading partner OSS generates a message in its native format e.g. XML and forwards this to the Integration Platform

2. The Integration Platform applies the appropriate adaptor to convert the message to WSML

3. A description of the appropriate target interface is retrieved from the data store of the platform. This can either be predetermined at design-time or discovered at run-time in a more flexible scenario.

4. The choreography engine identifies suitable process and data mediators for the message exchange which has been determined based upon the nature of the first message.

5. If it is appropriate to send an outgoing message to the target system at this stage the choreography engine applies the data mediator to generate a message that the target will understand.

6. The outgoing message is adapted to the native format of the target interface. In the case, that of the B2B Platform which is ebXML.

7. The outgoing message is forwarded to the intended destination.

Of this sequence, steps 2-6 are platform dependent in that they are carried out by the WSMX architecture. However, it is worth pointing out that the key benefit is obtained by the explicit relation that is made between the low-level messages and the domain ontology. Any platform that was able to interpret this relationship would be able to apply mediation and transform the data and process to that required by the target.

Prototype Implementation

The prototype has been implemented using WSMX components to form the B2B Integration platform with web-based GUIs backed by appropriate Web Services to simulate the OSS of the ISP and BT Wholesale. The web services observe the behaviour of the working systems in that actual message formats and exchange patterns have been utilised. The following describes the RequestTest process that has been implemented for the Assurance Integration scenario. 

1. A Customer informs his ISP of an error occurring in one of his products through a form on the ISP’s web site. The error is passed to the ISP’s trouble ticketing system.

2. The ticketing system raises the problem with an operator who requests that a test should be carried out on the customer’s line using the GUI of the OSS (as shown in Figure 4). The OSS system produces a message in a specific XML format (including the data payload, describing the error and the Customer’s product).

3. The message is sent to the B2B Integration Platform which carries out the runtime steps described above resulting in a test request being forward to BT

4. BT’s OSS receives the message and handles it appropriately, updating its GUI with details and status of the test.

5. Upon completion of the test, the status is updated and an appropriate message is returned to the B2B Integration Platform which again carries out the run-time steps described above resulting in a test request response being sent to the ISP which then updates its GUI allowing the operator to see the result and act on it.
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Figure 4. Screenshot from prototype (trading partner GUI).
Looking Ahead
In the future, many more players within the industry are expected to expose their interfaces for integration. These will include service, wholesale and content providers. In this scenario dynamic integration technologies such as WSMO have increased value since the economies of scale are greater. The initial effort required in creating ontologies, describing interfaces semantically and relating the two together is much less that the total integration effort. It is also likely that certain ontologies will flourish while others will not resulting in de facto standard ways of describing things. Mediation will be important both to map low level messages and data to the ontologies and since new services will emerge requiring integration between the services (and ontologies) of players in previously unimagined fields. In this more fluid environment the customer is given more power since they are the ones who are able to choose the components in their service bundles and can even start to create integrated bundles that providers had previously been considered unviable or perhaps not considered at all.
� http://dip.semanticweb.org


� http://www.wsmx.org


� http://www.tmforum.org/





