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Abstract
A key requirement of ITIL [1] is that services provided to customers are described in a Service Catalogue. Automating a service catalogue has many operational benefits, but can be complex and difficult to maintain. This paper looks at some of the issues and examines how the emerging technologies of the Semantic Web and Semantic Web Services can be deployed to address them.
Introduction

BT Global Services is engaged in a number of large contracts to provide complete Information and Communication Technology (ICT) solutions to an Organisation. These range from desktop products and software used directly by the employees, to the core network infrastructures which provide services such as telephony, internet/intranet access and private leased lines. The challenge in providing such a broad range of products is to manage them such that ordering and provisioning is coherent and unified across the range. In practice the products come from a large number of areas across BT as well as third party suppliers such as HP. The set of ICT products and services that are offered to the customer in a particular contract is known as the contract catalogue.

The specific problems associated with managing the contract catalogue are:
· arranging and managing a set of products from many sources to present a consistent view to the customer

· interfacing with the third party suppliers for order querying, processing and fulfilment

· managing the work flow of complex products

· producing product  ‘bundles’ that may have constraints or dependencies between them.

· identifying dependencies that arise due to existing products and services (i.e. the inventory).

· representing dependencies as rules and propagating them between the various levels of service offerings.
Some of the problems with integration and management can be tackled by introducing Web Services as a means to provide a standardised programmatic means to interface the many systems and suppliers. However, Web Services alone do not solve all of the problems with the management and use of a contract catalogue. Although Web Services allow a more coherent approach to integration by standardising the method for interfacing, they do not provide a standardised model for the way data is represented. It is recognized in the industry that the challenge of integration can be reduced by introducing standards for data models and processes. In telecommunications industry this work is being undertaken by the TeleManagement Forum (TMF) under the guise of the NGOSS initiative [1] , with the SID [2] and eTOM definitions having made significant progress towards this objective. In the ICT space, standards like SIM are beginning to address the data model but are still in their infancy.

However it is unlikely in the short term that current systems will adhere to these standards so other approaches must be taken to allow systems to be integrated more efficiently than at present. The use of ontologies and mediation [5] is an approach that overcomes some of the current integration problems. Mediation addresses the handling of heterogeneities that naturally arise in open environments. Heterogeneity can occur in terms of data, protocol or process.  A description of how mediation is used with ontologies is given in the last section.
Another challenge of managing the contract catalogue is that products may have constraints or rules associated with them that govern their ordering and provisioning. For example a network product such as MPLS [6] can only be provisioned in certain configurations and is dependent on other factors such as current usage and location. The ‘rules’ associated with each product need to be represented and then evaluated before a product can be ordered. Representing each product using Ontologies and Semantic Web Service (SWS) offers the opportunity to model these rules. SWSs offer the ability to model functionality associated with products (such as the facility to order the product, or check its availability), which would enable a customer or product manager to automatically discover and invoke such functionality. This allows products to be managed in a much more dynamic way, e.g. as a new product is added, its associated functionality can be automatically discovered and easily integrated into current systems.
Product Bundles, which are a collection of ICT products, are something which product managers may wish to create to allow a simple way to order complementary products (Such as a Desktop PC & Software). Part of the rules of each product may determine dependencies or constraints on other products (e.g. software requires minimum RAM of 512mb) that must be evaluated before a product bundle can be created. Ontologies and SWS again offer the ability to model these rules and allow automatic evaluation of product dependencies

The following section outlines in more detail the current problems with Contract Catalogues. Following that a section introduces the Semantic Web and Semantic Web services and discusses its benefits. Finally a prototype system to manage Contract Catalogues with Semantic Web Services technology is introduced.

Contract Catalogues

Over the past few years BT has been repositioning itself as a supplier in the ICT market. The definition of ICT varies according to the context in which it is referred, but generally an ICT player can be seen as an organisation that provides the following types of products and services [7]: 
· physical data networks 

· physical fixed and mobile voice networks 

· personal communication devices (such as fixed phones, mobile phones, desktop PCs) 

· input and output devices (such as document scanners and printers) 

· server and mainframe computers 

· storage and security devices 

· network switching and routing equipment 

· communications software applications (such as email, IP telephony, directories) 

· productivity software applications (such as desktop publishing, spreadsheets, presentations) 

· Enterprise applications (financials, HR, ERP).
As BT itself does not traditionally supply all of these products it has made a number of alliances with other suppliers in order to enable it to provide the full range of ICT products to its customers. A key alliance has been with Hewlett Packard who has a leading brand in the IT Outsourcing market, but are less well known for their network Management capabilities. This is a good fit with BT’s core competencies in the Outsourced Network space, so that the alliance (BT and HP) can together talk to customers about a full managed outsource. Part of the challenge of such a proposition is the delivery of the “Joined Up Service”, which will invariably require the prime contractor to make available to the other partners services through their Contract Catalogue. By including partners products into BT’s portfolio, BT is able to offer complete ICT solutions to customers, which cater for all their IT and communication needs. In practice these ICT products come from a variety of sources inside and outside of BT and all have different systems for ordering and fulfilment as well as different terminology for representing the products and associated data. From the perspective of the customer it is important to present them with a portfolio that provides a single coherent view of the products, arranged so that the similar products are grouped together and sub-products or derivatives are related to their parents. In the first step this is a hierarchical taxonomy, as shown by the example in Figure 1.

 [image: image1.png]= Service_Catalogue
® 1CT_Resource services
- Business_Services
- ICT _Infrastructurs_Outsource_Service.
 Software_Support_Services
® Hardware_Support_Services
® cal_cenre
=@ Solution_Design_and_Buid_Services.
# Custon_Service
# Technology_Refresh_Service
# Project_Management_Service
# Software_Development_Service
- Consulting_Service.
* seaurty
# Cost_optimisation
# Technology_Consitancy
# Document_Management _Service
® Application_Services
® infrastructure_Services
 vituslation_Services
® Menaged_Service
# service Desk.

=W Service_Provider
o BT_Global_Services
- BT_iitholesale.
S alad
- Servics_Elements
® LAN_Hardware
® 1p_Telephony_Hardware
® storage
=W Server
=W OP_Sys
o Himalaya
o HP-U
o Linux
-+ Opents
o Solaris
o windows_2000
o windows_2003
# Telephony_Handset
= paBY
® ey _System
® Laptop FC

® Foa





Figure 1. Example Entities in the Contract Catalogue

This simple view of the Catalogue allows the customer to view all of the products available, and can be used as a basis for ordering new products when required. Although this view of the Catalogue makes it appear that this is a unified set of products offered by one supplier, this is not the case in practice and the process of order querying/processing and fulfilment is problematic due to the diverse sources.

Once a contract has been established, the relationship between the main parties can be represented by the diagram in Figure 2. 
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Figure 2. The Model for Contract Interactions

In this model, the service provided by Global Services to its customers is represented via the customer interface. This could be a B2B interface (if the customer wished to integrate the GS products into their own Catalogue of services) or a B2C interface (i.e. via a web portal). 

The role of Global Services is to take products and services from both internal suppliers (i.e. other parts of BT) and external suppliers (e.g. HP) and then add value to these products/services, and so generate a catalogue of services to its customers. The systems shown in the diagram support the Global Services business in the generation of the Value Add.

The Value Add could be as simple as acting as a distributor of other companies products and services, through to a full managed service, with financial management “Pay as You Use” pricing etc. Arguably, this simple model represents all businesses. Every business gets products or services from suppliers, does something to them (Adds Value) and then makes it available to customers.

Customer
This is the customer of a particular contract. From the customer’s perspective BT are the sole suppliers of ICT products and their view of the Catalogue should reflect this.
Suppliers
Suppliers are organisations (Internal BT or external to BT) which provide products or services that make up part of the Contract Catalogue. 

Each supplier must have an interface over which they can

· Publish a catalogue of products or services
· Accept queries to allow valid product/service configurations to be generated.

· Accept valid orders for products/services.

The supplier will have a set of rules associated with their products. These must be able to be maintained and updated locally by each supplier, but also be integrated so that a customer can query against a product. Each supplier will have its own internal data and process models for products, but they must interface to the BT catalogue.

Systems

The systems support the Value Add processes to take the products and services from suppliers, perform whatever functions the business unit performs to add value, and then to publish the business units catalogue of services to its customers.  

Supplier Integration Problem
As described in the previous section there are a number of issues associated with allowing a supplier to fully integrate into the contract catalogue. Each Supplier internally manages their own set of products and rules, but must interface to the BT contract catalogue to provide the basic functions of publish catalogue, query configurations and accept order (shown in figure 3).

There are several problems with integrating suppliers:

Incompatible interfaces or OSS systems
Even if Web Services are adopted as the standard communication interface to the BT contract catalogue, the suppliers will have different terminology, data models and processes for their internal systems. They will be expected to communicate to the BT interface in a standardized way. This will require substantial effort to transform their internal data models and process into a format that is accepted by the BT interface

Inconsistencies or differences in modelling and evaluating rules
Part of the product querying and ordering process requires rules associated with a product to be evaluated to ensure all criteria for ordering have been met. These rules may be able to be modelled statically, i.e. they won’t change over time, or they may require dynamic interfacing to a live system for evaluation (e.g. check if there is available bandwidth on a particular network). The task of allowing each supplier to manage their own set of rules, but allowing them to be evaluated when required by the customer or product manger is challenging. 
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Figure 3.  Multiple Suppliers Interfacing Contract Catalogue
Can Web Services Help?
Web Services define a platform-independent standard based on XML to communicate between distributed systems. Web Services are a popular method of exposing functionality of systems over a network, so that it can be accessed by other systems or parties.
Using Web Services in this scenario is seen as beneficial because they provide the ability to allow suppliers to easily integrate with the BT contract catalogue interface. The standardised communication protocols and tools available to develop Web Services make them a good candidate for third parties to use. Web Services would provide a number of functions related to publishing products, querying and ordering. 

Publish Product 

All suppliers (whether Internal BT or External) will need to publish a catalogue of the services which they are making available to the BT business unit. A Web Service could be used to provide this information to the contract catalogue. When a supplier wished to add a new product to the catalogue it would be added to a registry in the appropriate category. A customer wishing to get more information on the product would access the Web Service to interface the original supplier (hidden from the customer) to get more information.
Query Real-time information

Each product may have a number of constraints (rules) associated with it that must be fulfilled in order for the product to be supplied. These will vary but could be rules that define dependencies between products (e.g. to order RAM you need a compatible motherboard),be  or rules that govern the provisioning or setup of a product e.g. Location, Bandwidth, Resilience Configuration Information. Depending on the requirements some products have varying configurations (e.g. MPLS).

Workflow Engine

In the contract catalogue the complexity of the products on offer can vary greatly. The process of ordering complex products may require a series of business processes to be undertaken. The order and relationship of these processes represent a workflow.  Web Services in conjunctions with a workflow language such as BPEL[8] could be used to represent this workflow.

Although Web Services appears a good candidate for providing a standardised interface to third party suppliers, they don’t address the complexities of integrating supplier catalogues and would still require a large manual effort to integrate.  In the current approach if a supplier introduced a Web Service to expose some functionality, the task of integrating it would require a number of manual tasks. Firstly BT would need to be made aware of the new Web Service by the supplier. The supplier would need to provide some documentation to BT on where and how to access the service. Unless the supplier had conformed to a standardised data model, it is likely that the input and outputs of the Web Service will be related to their own internal data models. In this case the BT integrator will have to create manual mappings between the supplier’s definition of the inputs/outputs and the definition that BT uses. This would have to be repeated manually for each Web Service added. These bridges between the suppliers Web Service and BT would not be flexible to changes or updates to the Web Service. If an update was made the mapping would need to be manually defined again The next section outlines the benefit of adding Semantic Web technology on top of Web Services. These include the ability to automatically discover and invoke Web Services as well as using mediation to reduce the effort of manual mapping.
Semantic Web and Web Services
The basic idea of the Semantic Web [9] is to define and link data in a way that simplifies its use for discovery, automation, integration, and reuse across various applications. The Semantic Web represents knowledge in a way that can be read and understood by machines as well as people. To enable this, the Semantic Web models and data must be machine interpretable. Important to the Semantic Web is the idea of Semantic metadata, which defines information about the data, and its relationship to other data. For a general introduction to the semantic web it is recommended to visit http://www.semanticwebprimer.org 
Ontologies are formal specifications of conceptualizations. They provide a shared and common understanding of a domain that can be communicated across people and application systems, and are the building blocks for the Semantic Web.  Most ontologies are described using a logical language such as F-Logic[10] or Description logic [11]. Ontologies consist of:-

· Concepts which are the items or things (aka classes). Classes have properties and simple relationships to other concepts.

· Rules (aka axioms) can be created to define more complex relationships and constraints between concepts 
This is a very powerful and flexible method of modelling as it allows a reasonably unrestricted definition of the concepts and their relationships, but is also based on a formal, logical language. As a result, the model can be used and interpreted by both humans and a machine. A logical reasoner can be used to load the model into a computer and check the model for consistency (i.e. are there any contradictions or errors) and reason about the information in the model. The next section will show how representing a contract catalogue as an ontology can take advantage of these benefits to address some of the current problems with contract catalogue management.
Combining the Semantic Web and Web Service technologies enables us to produce a new technology infrastructure – Semantic Web Services. Web Services have become the standard interface for providing access to systems and software over the web, and semantically-enabled Web Services are essential to providing the mature and scalable operating conditions necessary for their successful deployment in stable and secure environments. 
Currently, web services are essentially described using semi-structured natural language mechanisms, which means that considerable human intervention is needed to find and combine web services into an end application. The Semantic Web will enable the accessing of web resources by semantic descriptions rather than just by keywords. Resources (here, Web Wervices) are defined in such a way that they can be automatically processed by machine. This will enable the realisation of Semantic Web Services, involving the automation of service discovery, acquisition, composition and monitoring. 

The relationship between Web Service and Semantic Web technology is encapsulated in Figure 4 below. Combining the two technologies creates the next generation of web services: semantically-enabled Web Services with the more sophisticated capabilities described above.





Figure 4. Web Services and the Semantic Web

In short, SWS can lead to more flexible, interoperable, less costly IT systems. 
The DIP project [12] (Data, Integration & Processes with Semantic Web Services) is an EU 6th framework integrated research project in which BT is a partner. The vision of DIP is the further development, combination and enhancement of Semantic Web and Web Service technologies to produce a new technology infrastructure – Semantic Web Services. DIP’s mission is to make Semantic Web Services a reality as the new infrastructure for e-Work and e-Commerce. The successful creation of such an infrastructure could potentially change the way electronic cooperation and business is conducted to the same extent that the original Web revolutionised access to electronic information

The architecture designed in DIP for defining and using Semantic Web Services is based on the Web Service Modelling Ontology (WSMO) [14]. WSMO aims to provide a conceptual model and language for the semantic mark-up of Web Services. The ultimate goal of such mark-up is to enable the (total or partial) automation of the tasks (e.g. discovery, selection, composition, mediation, execution, monitoring, etc.) involved in both intra- and inter-enterprise integration of Web Services.
WSMO identifies four top-level elements as the main concepts which have to be described in order to define Semantic Web Services: 

Ontologies 
Provide the terminology used by other WSMO elements to describe the relevant aspects of the domains of discourse. In contrast to mere terminologies that focus exclusively on syntactic aspects, ontologies can additionally provide formal definitions that are machine-processable and thus allow other components and applications to take actual meaning into account.   

Web services 
Web Services provide access to software or systems over a network, using defined standards such as XML and WSDL. WSMO builds on top of standard Web Services to provide a semantically enriched description of the service. These comprise of its capabilities (what the service does) and interfaces (how to access it). In the case that a Web Services interacts with other services to achieve a task, the description also includes details of these interactions. All these aspects of a Web Service are described using the terminology defined by the ontologies. 

Goals  
Describe  aspects  related  to  user  desires  with  respect  to  the  requested  functionality;  again, Ontologies are used to define the used domain terminology.  An important concept of WSMO is that the functionality of Web Services are modelled separately from the required functionality of the users. Once a user’s goal has been defined, it allows a process of automatic or semi-automatic discovery to take place. This is the matching of the users’ goal to available Web Services that fulfil this goal. An example of a goal is given in the next section.
Mediators 
Describe elements that handle interoperability problems between different WSMO elements. Mediators are used to resolve incompatibilities on the data, process and protocol level, i.e., in order to resolve mismatches between different used terminologies (data level), in how to communicate between Web services (protocol level) and on the level of combining Web services (process level). An example of how mediation is used is given in the next section.
The concrete language in which the principles of WSMO are defined is known as the Web Service Modelling Language [13] (WSML). It is a formal ontology language based on F-logic.

DIP Contract Catalogue Prototype

The DIP Project is undertaking three case studies to investigate and evaluate potential applications of SWS. BT is leading a case study named ‘B2B in telecommunications’ in which the contract catalogue prototype has been developed.

The prototype is aimed at Product Managers who deal with the Contract Catalogues in BT. For the first version it was chosen to implement a solution that demonstrated advantages of the Semantic Web approach for managing product dependencies and creating product bundles. The main aims of the prototype are to demonstrate:
· Representing a Contract Catalogue as an ontology provides advantages over standard document or spreadsheet based approaches
· Integration of third party suppliers products (and associated rules) into the catalogue can be done more efficiently with use of ontologies and Mediation.
· Using Semantic Web Services for functionality associated with products (such as ordering & querying) provides increased automation and efficiency over standard Web Services and other methods for B2B integration.

The prototype uses the ontological language developed in the DIP project, called the Web Service Modelling Language (WSML). 
Generally product managers do not have previous experience with Semantic Web technologies, so it is important the prototype is usable without any previous knowledge of ontologies or Semantic Web Services. Figure 6 shows a screen shot of the prototype interface.  Below is a short description of the current and planned features of the prototype. 
Ontology based design environment for creating product bundles
The model of Contract Catalogue, associated relationships, properties and rules are defined as a WSML Ontology. However the prototype provides a more simple hierarchical view of the Contract Catalogue to the product manager, so they can easily navigate it and create product bundles. The prototype allows users to ‘Drag and Drop’ products into the window from the ontology, which it then attempts to add to the bundle.

Check the overall consistency of a product bundle against the ontology & evaluate the bundle against product rules (axioms) using the reasoning component.

Once a product has been added to a product bundle, the reasoning component is then automatically invoked to check that adding this product does not violate the ontologies consistency or violate any axioms. For example there may be a rule that if online service (e.g. share price feed) is added to the bundle then a compatible network connection must be included. An example rule for this is shown below

axiom SharePriceFeed_requires_network_bandwidth

     definedBy  
          !- ?b memberOf Bundle

  and ?b[hasOnlineService hasValue ?o]

  and ?o memberOf SharePriceFeed

  and ?b[hasNetworkconnection hasValue ?n]

  and ?n[providesBandwidth hasValue ?x]

  and ?x < 512

This rule states that if the product SharePriceFeed is added to a bundle then the bundle must also contain a product classified as a networkConnection. Also this networkConnection product must provide a bandwidth of at least 512 Kb/sec. If the bundle does not contain a network connection, or the network connection does not meet the minimum bandwidth requirements, the reasoner will detect this and inform the user.
Perform custom and pre-defined queries over the product catalogue ontology

As well as consistency checking of bundles and axiom evaluation, the reasoner also has the ability to perform general queries on the ontology. These queries can infer new information from the ontology given the set of concepts, instances and axioms that exist. These queries are expressed in the Web Services Modelling Language (WSML), so it is not expected that a product manager will understand and enter these queries themselves. The prototype has the ability to create template queries and then save these with an associated easy to understand English descriptions. The product manager can simply select the English description of the query and the corresponding WSML query is invoked. For advanced users there is the ability to enter queries manually if desired. For example, once you have defined a product bundle in the ontology it is possible to perform queries to ask specific questions about the bundle. A simple question might be ‘does my bundle contain a network connection product?’ The WSML query for this would be ‘MyBundle Contains NetworkConnection?. The reasoner will then return a yes or no answer. You could also use queries to classify the bundle into specific categories according to the products they contain. The prototype ontology defines a number of simple categories such as: Mobile bundle, Broadband Bundle and Graphics Bundles. Each category contains axioms that define rules for membership (e.g. to be a Mobile bundle it must contain a laptop PC). A query can be performed to ask ‘What categories does my bundle fit into?’ The WSML query for this would be ‘MyBundle memberOf ?b and ?b subConceptOf Bundle’. This is a useful as it allows the product manager to create bundles as they desire and then use the reasoner to classify them. This is an example of how a reasoner allows you to infer new information (i.e. what category a bundle is) from an ontology.  
Semi-Automatic Discovery of associated Product functionality via SWS 
Being able to create the product bundles easily in an ontology based environment is important for product mangers, but just as important is linking the creation of a product bundle to the tasks that need to be carried out to deliver this bundle to the customer. The prototype can automatically generate WSML goals (and then discover and invoke the required Semantic Web Services) to achieve certain tasks associated with the product bundles. The most common (and first implemented here), is the Goal to order the product bundle. 
A goal is a semantic description of a task that the user wishes to achieve. A goal is defined in WSML and specifies the desired action of a Web Services. The detail in which you specify the goal can vary. It can be a very high level description of the desired action of the Web Services (e.g. I require a Web Service to order computers) or can be more specific (e.g. I require a Web Service to order desktop computers in the UK, which accepts credit cards and provides next day delivery). You can also specify specific inputs or outputs that you expect from a Web Service (e.g. the computer ordering Web Service must provide an order confirmation number as an output) Goals use WSML ontologies to describe the concepts relating to the desired action of the Web Service.  A discovery engine can then use the goal to automatically find Web Services that provide the functionality requested.
An example goal to order a Desktop PC is given below:

goal _"http://www.bt.com/examples/order_desktop_computer"

  importsOntology {cat _"http://www.wsmo.org/ontologies/catalogue.wsml",



      {loc _"http://www.wsmo.org/ontolgies/location.wsml,



      {tr  _"http://www.wsmo.org/ontologies/transaction.wsml

capability

  postcondition

    definedBy

        ?Computer_order memberOf cat#computer_order_service[


     ships_from hasValue loc#UK,

           ships_to hasValue loc#UK,

           payment hasValue tr#creditcard

         ]
The top four lines define the name of the goal and specify which ontologies are imported to describe the goal. Ontologies are usually split up into distinct domains of interest. In this case the goal needs to describe concepts relating to catalogues, locations and transactions. The rest of the goal defines the desired action of the Web Service in terms of these ontologies. Firstly it requires a service that is classified as a computer_order_service. Secondly it requires that the service ships in the UK and accepts credit cards.  
Import (mediate) between third party product ontologies
One of the problems with managing a product catalogue containing products from many suppliers is that there will be inconsistencies in the way products and data are represented by each supplier. Individual companies are likely to have their preferred method of representing their products which may not be compatible with how BT wishes to present the combined catalogue to the customer. Ontologies incorporate the idea of mediation where it is possible to define a mapping between concepts in different ontologies with equivalent semantic meaning. 
Mediation is generally achieved through the use of mediators, i.e. components which enable heterogeneous systems to interact. In a practical sense, mediators have generally been realised as pieces of program code that perform point-to-point, low-level translations. Although such mediators satisfy the short-term goal in that they allow two systems to talk to each other, they suffer from maintainability and scalability problems. In general, it is not likely to be feasible to automate their application in a dynamic environment because of their close coupling with the implementation. 

Semantic mediation enables a more dynamic approach through the use of ontologies, which provide formal conceptualisation of a given domain. Mediators can be used to convert from a source implementation interface to that of a target implementation. Modelling the processes and data in the source and target interfaces using ontologies, enables the definition of relationships between semantically equivalent concepts.  The mediator can use these relationships to dynamically map between the source and target. Instead of defining individual mappings for each message that is passed between systems, semantic mediation allows the mappings to be defined once in the ontologies and then individual messages are dynamically mapped as they are exchanged. This reduces the overhead in creating the individual mappings manually and also increases flexibility. With a manual approach the system is inflexible to changes in the message format or content. Within the DIP project a tool has been developed called the Ontology Management Suite [15] (OMS) which allows mapping to be defined between ontologies, as shown in Figure 5. 
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Figure 4. Defining a mapping between ontologies
The next version of the prototype aims to show how mediation can be used to import third party supplier’s catalogues into the master BT catalogue. It will aim to show how this approach is more efficient and flexible than current manual or syntactic approaches.
More Complex Workflow with Composition of SWS
The next version of the prototype will focus on allowing a more complex composition of individual goals in a Product bundle, and allow a degree of process workflow. For example if a Goal to order ‘product X’ in ‘Bundle B’ fails, then ‘product Y’ in the bundle should not be ordered and any products already ordered should be cancelled.
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Figure 6. The DIP Contract Catalogue Prototype
Conclusion

This paper has outlined some of the existing problems associated with the management of BT’s Contract Catalogues. It has shown that by representing a Contract Catalogue as an ontology and its product ordering interfaces as goals & Semantic Web Services; it enables a robust and flexible system that allows product managers to design product bundles. The prototype version 2 will enhance this further to include catalogue mediation and allow more complex workflows with the Semantic Web Services. Although the benefits of Semantic Web Services are clear, there is also some challenges in adopting this approach. The process of creating and maintaining ontologies is an additional overhead to current methods. Also, Ontology languages and reasoners are still in a process of development, and there are some questions about scalability and robustness of this technology in large scale systems. After completion of the prototype we hope to begin some trials with real data and systems in BT to assess some of these issues. 
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Glossary
ITIL  - IT Infrastructure Library
The ITIL is a best practice framework or set of guidelines for IT service management processes. It is a series of books printed by the Office of Government Commerce (OGC).
ICT – Information Communication Technology

The convergence of Information Technology, Telecommunications and Data Networking Technologies into a single technology.

NGOSS – New generation operations, systems and software

NGOSS defines for Service Providers and their suppliers a comprehensive, integrated framework for developing, procuring and deploying operational and business support systems and software.

SID – Shared information and data model

The SID, as the NGOSS information model, provides an information/data reference model and a common information/data vocabulary from a business as well as a systems perspective.  The SID uses UML to formalize the expression of the needs of a particular view.

eTOM – Enhanced Telecommunications Operational Map

From the NGOSS, eTOM provides a map and language for describing the business processes that are used in telecommunication service-provider operations

MPLS – multi-protocol label switching
A set of quality-of-service labelling standards that Data providers use to manage different kinds of data streams based on priority and service plan.

SWS – Semantic Web Services
The use of Semantic Web technology to describe the functionality of Web Services. The aim is to increase the automated use of Web Services, including automatic discovery, invocation and composition. 

B2B – Business to Business

The exchange of products, services, or information between businesses

B2C – Business to Consumer
The exchange of products, services, or information between a business and an end-user consumer

Ontology

Specification of a conceptualisation of a knowledge domain. An ontology is a controlled vocabulary that describes objects and the relations between them in a formal way, and has a grammar for using the vocabulary terms to express something meaningful within a specified domain of interest.

Concept (AKA Class)
A concept defines a category or class of individuals in a ontology
Goal
A semantic description of a task that a user wishes a Web Service to achieve. Described using ontologies goals can specify the desired functionality as well as expect inputs and outputs of the Web Service.

Axiom
A logical expression defined in the WSML language
F-logic – Frame Logic
Provides a logical foundation for frame-based and object-oriented languages for data and knowledge representation

Description Logic
A family of logic-based knowledge representation formalisms well-suited for the representation of and reasoning about terminological knowledge, configurations, ontologies and database schemata

BPEL- Business process execution language
An XML-based language for the formal specification of business processes and business interaction protocols. BPEL extends the Web Services interaction model and enables it to support business transactions.
DIP - Data Information and process integration with Semantic Web services
An EU 6th framework research project. The objective is to develop and extend Semantic Web and Web Service technologies in order to produce a new technology infrastructure for Semantic Web Services (SWS)

Product Bundle

A collection of products that are combined and sold together. They usually complementary products such as a computer monitor and network connection 

OMS - Ontology Management Suite

A suite of tools developed in the DIP project to create, manage and store ontologies.

WSDL - Web Services Description Language

Describes how to access a web service and what operations it will perform

WSML – Web Services Modelling Language

An ontology language developed with the aim of describing the functionality of Web Services
WSMO – Web Service Modelling Ontology

A high level description of an ontology language aimed at describing the functionality of Web Services. The concrete language is called WSML

XML - Extensible Mark-up Language.

An open standard for exchanging structured documents and data that was introduced by the World Wide Web Consortium (W3C)
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