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It is time to make plans for future... 

The Web has become a catalyst for Information Technology burst in the last 10 years. Great in its initial stage, Web is overcrowded now with information and bears a heavy legacy load of “traditional” just-for-human technology that is already on the edge of its potential and cannot fully address problems of the nearest future.

Success of e-commerce, e-business, data integration and knowledge management in the global environments like Internet will depend greatly on new ways of automatic data and knowledge processing. A big and important step towards comprehensive semantic-enabled technology has to be done.

Emergent Semantic Web technology has a vision of having data on the Web defined and linked in a way that it can be used by machines not just for display purposes, but for automation, integration and reuse of data across various applications. Ontological definition of every resource and piece of data as it is adopted in Semantic Web, along with new techniques for semantics processing and new breed of applications – Intelligent Web Services – will bring Web on qualitatively new and higher level. Promises made by this technology are strong and its impact might be crucial. Data processing with semantics taken into account opens broad and exciting capabilities. E‑business, easy data access and interoperability, knowledge sharing provided on the Web of Trust… all this is the ultimate goal of Semantic Web.

At present, Web Services technology is stressed by the search of a right way for further development. A number of standards concerning web services have appeared recently. The lack of coordination in development efforts is accompanied by the absence of comprehensive semantic-oriented technology as a basis for them Constituent technologies of Future Web – Web Services and Semantic Web – have already drawn some attention both in research and industrial communities. Combination of Semantic Web and Web Services technologies may address many of “difficulties” of existing technology. Interoperability and integration problems won’t be solved out of Semantic Web because of its universality. And the very first steps are already done. New standards are put to the foundation of next-generation Web. 

This work aims at popularization of Semantic Web enabled Web Services idea. First of all, it is very important to understand the spirit of this technology and that it is not a question of whether Semantic Web is coming or not, but a question of when it will come. And secondly, it is important to understand the obstacles on its way. The situation around Semantic Web today reminds the egg-and-chicken problem:  what was the first? Without mature standards, proof and demonstration “at work” Semantic Web has small chances to be adopted easily by industry, but without this adoption it cannot become mature and developed gradually enough to come out of research works to real-life applications. 

In this work I make a survey of Web Services needs, state of the art of Semantic Web technology and describe benefits of Semantic Web approach for web services and how web services can become the building blocks of EAI and e-business solutions. Also I mention new challenges brought by Semantic Web and future steps of its development. A way to the Semantic Web is complicated and demanding for confidence the future.

So, it’s time to make plans for future. Because the future starts today…

Report Online: http://www.cs.jyu.fi/ai/OntoGroup/April2003.htm 

TERMS AND ABBREVIATIONS

DAML (DARPA Agent Markup Language) 


A language aimed at representation of semantic relations in machine-readable form and associating information with ontologies. 

EAI (Enterprise Application Integration) 


The term used for information systems that bind together many applications within an enterprise, typically dealing with the scheduling and control of information flow between them. EAI is often built on top of Middleware.

Messaging 


Creating, storing, exchanging, and managing data messages across a communication network. The two main ways are publish-subscribe and point-to-point.

Metadata  


Data that describes other data. Often deals with the format, search details or authorship of the underlying data. 

Middleware 


A piece of software or application that is not meant to exist on its own. Any such item that simply connects two distinct and separate applications and passes data between them. 

Ontology 



A conceptual representation of the entities, meanings, and relationships within a specific domain of knowledge. 

OIL (Ontology Inference Language or the Ontology Interchange Layer) 


A declarative ontology language that extends RDF. 

RDF (Resource Description Framework) 


A broad W3C standard framework for description methods of any Internet resource in XML machine-processable statements. 

Semantic Web 


A conceptual web built on top of the World Wide Web in which all identified resources will have a machine-processable semantic description data attached. 

UDDI 



Universal Description, Discovery, and Integration, a standard for a registry of services offered over the web. 

W3C (The World Wide Web Consortium) 


The international consortium spearheading open standardization, interoperability, and coordination efforts regarding the Internet and the Web.

XML (Extensible Markup Language) 


A specification for computer-readable documents data formatting. Standardized by the W3C. XML defines data elements using a tree structure.

XML Schema 


A specification for definition of the structure of XML documents.
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1. Introduction 

1.1. Background of the research

The general picture of Internet nowadays shows that up to 500 million users have access to more than 3 billion pages of Internet resources. Serious problems emerge in information search, extraction, representation, interpretation and maintenance because no support in processing of this information is provided. The possible impact of resolving problems in Knowledge Management, Enterprise Application Integration and e-commerce fields draws the best minds and research groups to active efforts, which will bring World Wide Web to qualitatively new level of service [Fensel & Musen, 2001].
Most of web content is static, part of resources presents dynamic web content, and only a very small part of them are services provided in the Web. Web services can significantly increase the potential of Web architecture by providing a way of automated program communication, discovery of services, new kind of distributed components integration and e-commerce.

Appearance of Web Services
 as a technology is tightly connected with initiatives to create e-commerce systems based on Internet and Enterprise Application Integration problem. “Web Services” term refers to available programmatic interfaces that are used in the World Wide Web for application-to-application communication. 

From the very beginning of web services idea many problems of the web have become apparent: human oriented technology doesn’t provide infrastructure for machine-readable data in the WWW. Even for human the problem of search for required data in Internet sometimes becomes insuperable. For applications it turns even worse: autonomous applications have to discover existing services and the general problem of service discovery can hardly be done without support of the bundle of technologies that create semantic data based Web Services Infrastructure.

In order to bring Web Services on a top of performance and to make this technology flexible and adaptable for the whole variety of services that can be advertised in the web, many global problems have to be considered. Most of the important problems of Internet concerning Web Services are [Fensel & Bussler, 2002]:

1. Information exchange in the global network;

2. Web Services Infrastructure;

3. Trust, security and privacy in the distributed systems;

4. Services discovery and composition;

5. Transaction management.

The W3C’s Metadata Activity
 was tightly connected with Knowledge Management problems and has grown from idea of having machine-understandable information in the Web. Metadata Activity has provided approach for metadata labeling of web content. Further, the idea has developed into the Semantic Web vision of having data-oriented web with metadata and links between resources to provide effective discovery, integration, automation and interoperability across various semantic‑aware applications.
The primer goal of Semantic Web Activity
 is development of mature comprehensive standards and technologies for future Web, provision with building blocks that will assist in addressing of critical issues concerning interoperability in the Web, and thus, Web Service technology.

Additionally, closely related to the intersection of Semantic Web and Web Services technology Agent Technology can be mentioned. Recently it has started to draw a considerable attention of both research community and industry because of extreme importance as well as relevance of conjunction of these three technologies both to computer science and the business applications. 

Since Web Service Technology built upon Semantic Web Technology makes strong promises (“Intelligent Web Services”, [Fensel et al., 2002(c)]) a series of questions arise [Bussler et al., 2003]. To what extent have these different technologies already been integrated today? How does the combination of those technologies look like? How does this combination make problems like Enterprise Application Integration, Distributed Knowledge Management systems development, easier to solve and the solution more reliable?

“Traditional” technology exists (in some cases for over 20 years) and significant progress has been made during this time. The lessons have been learned and experience achieved in the large-scale system deployments. Today, the major problems come from the area of conjunction Web Services with Semantic Web [Fensel et al., 2002(c)]:

· Ontology management problem. 

Most of exchanged data is managed by variety of existing application systems, communities, frameworks that were designed without assumption of their integration. The semantics of data has to be presented in common form, shared between data providers and data requestors. If communicating parties do not have common terms and subject conceptualization (ontology) but have each own ontology, then correspondent adapter technology is required which establishes of links between independently developed semantic descriptions of problem domain (ontologies) to provide interoperability (“...now I know: that concept in your system is the same as this one in mine; so I can use it correctly, since I know how to manage with it”);  distributed collaborated ontology development and ontology versioning are also included here;

· Standardization Process. 

A number of standards exist in the area of web application development. In the future all of these have to migrate to a basis of widely supported universal comprehensive standards, many of which are still to be developed;

· Development of comprehensive Web Service description framework. 

Various web services expect specific messages in a specific order. Development of connectivity description standards was addressed already in Web Services technology (Web Services Definition Language, WSDL) and the next step will bring these efforts to higher, semantic level, based on Semantic Web vision;

· Definition of Web Service discovery framework. 

The manual establishment of trading relationships is considered as error prone, slow and inflexible. Automatic discovery mechanisms are put in place (for example in the form of UDDI) that promise to make the service discovery process easier and more reliable. In order to enable higher quality of discovery mechanisms, Semantic Web service descriptions have to be used and appropriate dependent on Web Services architecture semantic search techniques have to be developed. 

· Provision of a scalable Web Service mediation framework.  

The mediation framework is an essential of Web Services. The least function of it is enabling service discovery via supporting publish/find service operations on mediator node. Unlikely (at least until Semantic Web vision has become reality), that services will be ever discovered directly in the same way as we look for resources in the Web with the help of search engines. Current technology uses special mediators: services directories, registries – in order to provide basic mediation facilities. 

Applications use and web services may use other web services as a part of their functionality. Mediated interaction (beyond publishing and searching) between web services is often required for other reasons:

· semantic heterogeneity of peers (need for semantic translation);

· data heterogeneity of peers (need for data format conversion);

· need for transaction management support;

· need for service composition (mediation platform performs it);

· specific technology requirements (e.g. in mobile computing mediation is used to reduce data link load between mobile device and services). 

Industrial standards like UDDI were developed as a result of business demands for e‑commerce services technology and soon became popular. Now businesses demand more advanced technologies. Existing solutions around mediation are not well scalable, if at all, and do not possess features that are sought for. Joined Semantic Web and Web Services efforts will provide new solutions;

· Security and Trust Relationships. 

Communicating services require assurance of security, data integrity and trust related demands. Various security schemes are being developed that attempt to address these requirements. One of the ultimate goals of Semantic Web is the development of “Web of Trust” [Berners-Lee et al., 2001]. Harmonic integration and adaptation of well-developed technologies within Semantic Web enabled Web Services is one of problems to be solved.

Traditional technologies are able to address many of these major problems today. However, Web Services Technology in combination with Semantic Web Technology has (or has not?) the potential to address these requirements much better. This question is the main subject in this work.

1.2. Objectives

The objectives of this work and risen questions are divided into groups:

1. Detailed analysis of current state of Web Service and Semantic Web technology;

· What impact can be done by web services to e-business?

· What is already done in Web Services world?

· What is the vision of Semantic Web? What does it propose for Web Services?

2. Problems of Web Services and Semantic Web as an approach; Intelligent Web Services concept

· Main problems of Web Services.

· Is SOAP/WSDL/UDDI an appropriate foundation for semantic-aware service technology? 

· Why Web Services technology needs Semantic Web based solutions? In what ways Semantic Web may improve e-business?

3. Challenges and technical issues regarding semantic-aware services. What work has to be done and what tools are required? What are the first steps towards Semantic Web enabled systems in industry?

· Standardization of  Semantic Web for Web Services approach; comparison with “traditional” technology and alternative efforts;

· RDF vs. SOAP serialization for semantic-aware Web Services technology;

· Query languages for Semantic Web enabled solutions;

· Trust, security and data integrity for Web Services in Semantic Web: ontology based policing.

· Problems of Semantic Web brought to Web Services: ontology management requirements.

1.3. 
Structure of report

Chapter 1 contains survey of existing technologies and standards around Enterprise Application Integration, Web Services and Semantic Web. Current positions of e-services in the Web and Semantic Web activities are discussed. Chapter 2 covers questions about problems of Web Services and about Semantic Web enabled solutions. Analysis of introduced by Semantic Web benefits and challenges is presented and comparison between traditional and semantic-enabled (via Semantic Web) technologies is given. In chapter 3 overall ontology support requirements and challenges to Semantic Web enabled Web Services application development are presented.

2. State of the art: EAI, Web Services and Semantic Web

2.1. Enterprise Application Integration

EAI solutions provide an integrated approach to connection of the different components of IT infrastructure: people, applications, platforms and databases to enable secure, intra- and inter-enterprise collaboration. EAI solutions enable an organization to integrate business processes internally and externally with business partners. It allows creating dynamic environments that support current and evolving business requirements, thereby creating a global organization.

The goal of particular EAI solution can be one or a combination of:

· Integration within the enterprise to reduce costs and be able to respond more quickly to market opportunities, businesses are streamlining their processes and integrating applications to enable the exchange of information. Also known as B2E (“business to employers”) 

· Integration across the value chain to create virtual enterprises, e.g. net-markets, B2B (“business to business”) solutions with their suppliers and partners to improve response time. 

· Integration with customers to create B2C (“business to customers”) solutions and guarantee an immediate and effective response to customer inquiries and orders in response to e-commerce and Internet-based self-services. 

2.1.1. 
Reasons for integration

There are many reasons for integration. Leading suppliers of Enterprise Business Application solutions are seeking the first positions as the primary provider of the business and the ICT backbone for the enterprises, and it gives certain explanation why the technology evolves. But still, the core forces behind EAI falls into several inter-related categories.

· Need for  integration between businesses

Businesses to be successful require quick integration of business processes of two or more companies, so that they can work as a single corporation. EAI provides an approach which will enable such a rapid integration.

· E-Commerce burst

E-commerce requires connection of customers, suppliers and partners across the world, so as to form an integrated value and supply chain over the Internet

· Information share

The potential of business processes sharing information within market and business partners requires that information flows transparently and seamlessly both externally and internally.

· Business Process Automation

Business Process Automation requires new products and services to be integrated with already existent applications so as to improve efficiency, operating costs and customer services across an organization.

· Supply Chain Management & Customer Relationship Management

There is a movement towards virtual enterprise linking application systems of various companies in the supply chain. Significant development in peer-to-peer networking and distributed processing have made it possible for businesses to integrate better their own functional departments as well as integrate with their partners and suppliers. Re-engineering of business processes by organizations for greater customer focus requires close cooperation between standalone applications.

· “Zero Latency Enterprise”

Zero latency enterprise refers to an organization that can change its business rules in real time to act on new market opportunities and customer demands. An enterprise application integration solution is needed because it accelerates responses and facilitates business changes in the zero latency enterprise.

· Intranet/ internet explosion

The Intranet/Internet technologies explosion demands a new class of applications that require integration with back end legacy applications. This feature is enabled by EAI solution which is aimed also at the integration of the front-end and back-end applications.

2.1.2. 
EAI architecture

EAI is typically built on message-brokering frameworks and uses connector or adapter plug-ins for businesses. EAI includes workflow management system, which allows definition and execution of flexible process to unify heterogeneous resources, and minimizes time and efforts required for deployment of new business processes.

The EAI architecture also provides services such as application development tools, repository management, routing, publish/subscribe services, data flow, data transformation, security services, recoverability and workload balancing. EAI itself is not a set of concrete solutions, but a framework defined for business process integration, a set of approaches that cover certain aspects of integration problem. 

Hub and spokes architecture is the most common. There is a central hub and all applications are connected to it. These applications are “spokes”. The hub provides centralized services while connectors or adapters provide the services for each spoke or integration point. Adapters provide integration with the centralized hub for a specific resource like relational database or a service application, enabling information flow or invocation of a service.

EAI architecture reduces the number of interfaces and provides a standard methodology for application integration. It is done by layering the different transport technologies. In EAI applications exchange data via messages managed by the rules of the business process. The business process is modeled and rules are defined somehow to fix the order for the applications to follow. The duty of message Broker is to route the messages according to these rules. The data in the messages is transformed to the format required by the target application. Because the EAI software is independent of the applications it connects, the business processes can change and grow independently, without requiring changes in other applications. The Open System Interconnection Model for EAI contains 12 layers against the seven-layered structure for network applications. EAI extends networking model with five more layers on top of it. 

	Layer 12
	Business Process
	Defines specific business processes of a company

	Layer 11
	Business Semantics
	Specific data, definitions and structures of a company

	Layer 10
	Application Semantics
	Contains in-depth knowledge of application structure and meaning

	Layer 9
	Interface Syntax
	Defines methods for sending/ receiving information to and from applications

	Layer 8
	Integration Middleware
	Architecture for integration 

	Layer 7
	Application
	Provides standardized services

	Layer 6
	Presentation
	Encodes, encrypts and specifies data transfer formats

	Layer 5
	Session
	Manages session protocols

	Layer 4
	Transport
	Manages network layer connections and delivers packets

	Layer 3
	Network
	Addresses and routes packets

	Layer 2
	Data link
	Frames packets and controls physical layer data flow

	Layer 1
	Physical
	Electrical and mechanical specifications

	Figure 2.1 - OSI model for EAI.


EAI solutions are moving from middleware messaging systems to Business Process Integration. The EAI market nowadays is concentrated mainly on the layers 8 & 9 of the OSI model for EAI, viz., Integration middleware and Interface Syntax. The main reason for the focus on these two layers is the immaturity of the EAI market, so profits are easier to achieve in these two most simple layers.

The targets of EAI product (according to five new layers) are:

1) 
Platform Integration

This provides connectivity among heterogeneous hardware, operating systems and application platforms. The various technologies providing platform integration are:

a) Messaging for asynchronous connectivity

b) Remote Procedure Calls for synchronous connectivity

c) Object Request Brokers for both types of connectivity

The logic for connecting each application must be defined either through code or precoded applications adapters. Additional functionality is required to reconcile the differences in data representation in the system. This can be done by manual coding or by the use of data translations and transformation products. Logic is required for message routing and this can be provided either through manual coding or by a Message Broker. Monitoring and management of end-to-end business process has to be done through manual coding or automated process management tools.

2) 
Data Integration

Data integration is an access to heterogeneous data sources via database gateways. The gateways are synchronous data access products that require application developers with knowledge in the database schemas.

3)
Component Integration

Hub and spoke integration: hub provides some integration via adapters. Application servers are used to provide data access to variety of relational database sources applications and adapters provide access for spokes.

4) 
Application Integration

Application integration provides a framework for technology for near real time processing. The framework includes:

a) Underlying platform integration technology;

b) Event integration through Message Broker that provides data translation;

c) Transformation & rules based routing;

d) Application interface integration provided through application adapters to packages;

e) Custom applications configured to use other applications as compound parts.

Integration frameworks assist in reducing the complexity of creation, management and changing integration solution. The advantage is faster time to market through adapters and reusable integration infrastructure.

5)
Process Integration

Such integration provides the highest level of abstraction and adaptability for an EAI solution. This enables managers to define, monitor and change business processes through a graphical modeling interface. Business Process Modeling helps business users and analysts to define how information flows across systems and organizational boundaries through a graphical model and declarative language instead of programming. The integration solution is generated from the model. When changes are required, they can be made in the model and the same can be regenerated in the solution. Simulation can also be done before the implementation of the solution.

2.1.3. 
EAI solutions: RosettaNet

RosettaNet
 is non-profit organization, a consortium of the world's leading companies in the fields of electronics, IT-sector, semiconductor manufacturing and solution providers. RosettaNet is dedicated to creation, implementation and promotion of open e-business standards. The ultimate goal of RosettaNet is development of standards for common e-business language and open e-business processes, aligning processes between trading partners, which will provide measurable benefits to the evolution of the global, high-technology trading network.

Figure 2.2 - Approach to eBusiness communications in RosettaNet.

RosettaNet’s Electronic Business Exchange effort is targeted to automation of business process between trading partners. On the figure 2 it is shown how existing human-to-human communication in business world maps into e-Business Exchange model according to RosettaNet’s vision.
Communication between humans has no analogs by its successfulness and efficiency because we posses a large amount of knowledge that can be proactively used for communication: languages, grammar, rules for communication and, finally, specific domain knowledge on the subject of dialog. In order to achieve efficient communication in a business-world, certain steps have to be done and establishment of common understanding of business transaction has to be performed. These steps are agreement on several levels of communication.

First of all, business partners agree upon how to establish relationship starting from the most basic level. Internet as the global network, perhaps, is the only way to connect business partners world-wide. The next level, which is already accepted, is the common way for representation of data being exchanged: HTML/XML combination initially, now it seems to be only XML supported with XML DTD (Data Type Definition, language that came from SGML DTD and later was substituted by XML Schema) and XML Schema. 

Further, the lack of agreement on the words, grammar and dialog that constitute e-business processes makes the need for standards. RosettaNet proposes layered approach (agreements between partners) in which:

· Dictionaries provide the words as a common set of terms/properties for business transactions and products;

· The RosettaNet Implementation Framework (RNIF) acts as the grammar providing common exchange protocols;

· RosettaNet Partner Interface Processes® (PIPs®) specifies the forms of the dialogs;

· Possible eBusiness processes available for trading partners are described as a combination of PIPs.

Dictionaries
RosettaNet dictionaries provide a common platform for conducting business within the supply chain, eliminate overlapping efforts by individual companies and reduce confusion in the procurement process due to unique terminology defined by each company.

Dictionary is represented by XML file, which contains record for every term in it accordingly to DTD. Along with term name, its description in natural language and some other characteristics are usually supplied.

Once appeared in dictionary term is “recognized” within RosettaNet framework and trading partners that will use this term have to follow semantics described in the vocabulary. Noticeable is that semantics of the term is presented in natural language.

RosettaNet presents two kinds of dictionaries:

· RosettaNet Business Dictionary

Contains business properties that define transactions between trading partners. These properties are used in basic business activities and serve as a repository of the common properties for reference and reuse in additional standards. 

· RosettaNet Technical Dictionary

Provides common language for definition of products and services in a way independent of their manufacturers, distributors and resellers. 

RosettaNet Implementation Framework (RNIF)

The RNIF specification provides protocols for implementation of RosettaNet standards. The RNIF specifies information exchange between trading-partner servers using XML and defines the overall RosettaNet business message format for exchange of the business documents, covering the transport, routing and packaging; security; signals and trading partner agreement with elements to support authentication, authorization, encryption and non-repudiation; details of the bindings for the transfer protocols (e.g. HTTP/HTTPS, SMTP, FTP); and the specification for a reliable exchange of messages between partners.
Partner Interface Processes

RosettaNet Partner Interface Processes™ (PIPs™) define the specific sequence of messages required to execute a business processes. This is also known as the business process choreography. 

Examples of such processes include purchase/invoice management and new product information distribution. RosettaNet PIP specification includes also the specification of structure and content format of the business exchange documents  (structure of messages are restricted by XML DTDs) and the time, security, authentication and performance constraints on these interactions. 

PIPs are discrete units of RosettaNet partner interactions. PIPs can be built into other PIPs to achieve a larger business outcome. 

PIPs are designed to fit into several Clusters, representing the core business processes or backbone of the trading network. Each Cluster is broken down into Segments - cross-enterprise processes involving more than one type of trading partner. Within each Segment there are individual PIPs. 
2.2. Web Services technology

In a broad meaning, web services belong to a model in which tasks within e-business processes are distributed and accessible throughout a global network. From another point of view to web services as programming technology, web services are a stack of emerging standards that describe service-oriented, component-based application architecture.

The term “Web service” describes specific business functionality exposed by a company, usually through an Internet connection, for the purpose of providing a way for another company or software program to use the service.

One of the promising definitions for web services as software architecture is that:

“Web services are a new breed of Web application. They are self-contained, self-describing, modular applications that can be published, located, and invoked across the Web. Web services perform functions, which can be anything from simple requests to complicated business processes. ... Once a Web service is deployed, other applications (and other Web services) can discover and invoke the deployed service.”

(from IBM web service tutorial)
This section briefly describes the vision of web services and existing developed industry standards and e-commerce frameworks for web service technologies.

Web Services connect computers and devices with each other using the Internet to exchange data and combine data in new ways. Web Services can be defined as software objects that can be assembled over the Internet using standard protocols to perform functions or execute business processes. 

The main aspects of Web Services are:

· Services are developed as software components with discrete functionality;

· Services are accessible of over the Web;

· Communication (programmatic interface) with services is performed through platform-independent protocols;

· Service advertisement are published on the Web via mediation framework;

The key to Web Services is dynamic service composition using independent, reusable software components. It has fundamental importance in both technical and business applications. Software products will be delivered and paid for as easily configured set of services combined in required software unlike packaged products. It will enable automatic, ad hoc interoperability between heterogeneous systems to accomplish complex organizational tasks [Fensel & Bussler, 2002]. 

Figure 2.3 - Web Services computing stack (adopted from [Sycara, 2003]).

2.2.1. UDDI framework

Core Layers of the Web Services Computing Stack 

Common Internet Protocols 

Web services rely on ubiquitous Internet connectivity and infrastructure to be nearly universally accessible. In particular, web services take advantage of HTTP and Secure HTTP, but also SMTP (Simple Mail Transfer Protocol) and FTP (File Transfer Protocol) are used.

XML (eXtensible Markup Language)

XML is a widely accepted format for data exchange and its corresponding semantics. It is a fundamental building block for almost every other layer in the web services stack. XML is a simple, very flexible text format that plays an increasingly important role in the exchange of a wide variety of data on the Web.

Some XML
 [Bray et al., 2000] benefits in brief:

· Internationalization;

· Reliability and openness;

· New possibilities for interoperability and information interchange; 

· Universality in definition of platform-independent protocols; 

· Human-readability

The simplicity of XML and new possibilities of the Web has made a big impact on information interchange and development of new application architectures based on common Internet protocols. Some of the changes brought by XML are:

· Reduced dependence on proprietary data formats for applications;

· A new way to perform data exchange in e-commerce using XML; 

· A movement away from tightly coupled systems such as RMI, CORBA, and DCOM to a more loosely coupled frameworks;

· A new approach for service-oriented software development;

· A new basis for Web services as technology for discovering and accessing Internet-based services;

· A shift from monolithic applications to a component based distributed software, which is a combination of components with well-defined interfaces.

XML Schema is XML based language to express restrictions on the structure of other XML documents. Schemas provide means for defining the structure and content and allow validation of XML documents.

SOAP (Simple Object Access Protocol)
SOAP
 is an XML based lightweight messaging protocol intended for exchanging structured information between applications in a decentralized, distributed environment. It is a message layout specification that defines a uniform way of XML-encoded data transmission. SOAP uses XML technologies to define an extensible messaging framework that provides a message construct, which can be exchanged over common Internet transport protocols. Unlike Microsoft’s Distributed Component Object Model (DCOM) technology and Sun Microsystems’s RMI for Java which are programming model dependent, the SOAP framework has been designed to be independent of any particular programming model and other implementation specific semantics as a convention for accomplishment of Remote Procedure Calls (RPC) between heterogeneous systems. 

Higher-Level Layers of the Web Services Computing Stack

WSDL (Web Services Description Language) 
WSDL
 provides description of connection and communication ways with a particular web service. Web Services Description Language (WSDL) [Sankar et al., 2003] is an XML based structured mechanism to describe:

· Abstract Operations that a Web Service can perform;

· Format of messages it can process;

· Protocols it can support;

· Physical bindings to communication languages and location of services. 

WSDL is extensible to allow description of endpoints and their messages independently of message formats or network protocols used for communication. WSDL defines services as collections of network endpoints or ports. In WSDL the abstract definition of endpoints and messages is separated from their concrete network deployment or data format bindings. It allows the reuse of abstract definitions of messages, which are abstract descriptions of the exchange data, and port types, which are abstract collections of operations. The concrete protocol and data format specifications for a particular port type constitute a binding. A port is defined by associating a network address with a binding; a collection of ports defines a service. 

A WSDL description forms a key element of the UDDI directory by means of abstraction of a service's various connection and messaging protocols.

UDDI 

UDDI
 [UDDI] stands for Universal Description, Discovery and Integration. Developed as a result of industry initiative led by Microsoft, IBM and Ariba and more than 300 companies-participants, UDDI represents a set of protocols and was directed to providing of public directory (UDDI registry) for the registration and real-time lookup of web services and other business processes.
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Figure 2.4 - How UDDI works.

A UDDI registry has two kinds of clients: businesses that want to publish a service description (and its interfaces of usage), and clients who want to obtain services descriptions of a certain kind and bind programmatically to them (using SOAP messages over HTTP). UDDI itself is layered over SOAP and assumes that requests and responses are UDDI objects sent around as SOAP messages. 

UDDI presents three different searchable views on registry. Searches on these views use API calls that are performed using SOAP/HTTP as it is currently implemented. Information presented about services is:

· White pages: description of the company offering the service enables lookup for services by providers, contact details, etc.

· Yellow pages: categorization of services by industry type, enables keyword search based on standard taxonomies: NAICS (North American Industrial Classification System), SIC (Standard Industrial Classification);

· Green pages: descriptions of the interfaces to web services

So called “tModel” is used to describe the service metadata about a specification, including its name, publishing, organization, and URL pointers to the actual specifications. The company that exposes the tModel provides the reference to it for a service and this means that the company has implemented a service that is compatible with the tModel it references to. This is the way for companies to provide services compatible with the same specifications.

WSFL (Web Services Flow Language) 

WSFL is the least developed layer of the current web services layers. WSFL is layered on top of WSDL to define a framework that is used to describe the business logic of web services required to assemble various services into an end-to-end business process.

Other Business Rules 

Additional elements that support complex business rules must still be implemented before web services can automate truly critical business processes (security and authentication, contract management, quality of service):

WS-Security 

WS-Security
 describes enhancements to SOAP messaging to provide quality of protection through message integrity, message confidentiality, and single message authentication. These mechanisms can be used to accommodate a wide variety of security models and encryption technologies and also allow association of security tokens with messages. WS-Security is designed to be extensible and support multiple security token formats. 

WS-Routing

WS-Routing is a SOAP-based, stateless protocol for exchanging one-way SOAP messages from an initial sender to the ultimate receiver, potentially via a set of intermediaries. WS-Routing also provides an optional reverse message path enabling two-way message exchange patterns like request/response, peer-to-peer conversations, and the return of message acknowledgements and faults. WS-Routing is expressed as a SOAP header entry within a SOAP envelope making it relatively independent of the underlying protocol.

WSCL (Web Services Conversation Language) 

WSCL
 is a proposition of a simple conversation language standard that can be used for various Web-service protocols and frameworks. It focuses on modeling the sequencing of the interactions or operations of one interface. It fills the gap between mere interface definition languages that do not specify any choreography and more complex process or flow languages that describe complex global multi-party conversations and processes. WSCL allows the definition of abstract interfaces of Web services, e.g. the business level conversations or public processes supported by a Web service. WSCL specifies the XML exchange documents, and the allowed sequencing of these document exchanges. WSCL conversation definitions are themselves XML documents and can therefore be interpreted by Web services infrastructures and development tools. WSCL may be used in conjunction with other service description languages like WSDL.

2.2.2. 
e-Speak
E-Speak is the service architecture developed by Hewlett-Packard and one of the earlier Web Service architectures. The goal of e-Speak is e-commerce free from underlying technologies to perform transaction between e-services. This architecture relies on e-speak engines run on participating client machines and e-speak service platforms that can exchange XML based information (no SOAP was available at that time) to solve problem of integration of simple services into more complex ones. 

The e-Speak Service Engine implements the mechanisms that address the problems faced by all providers of web services - naming, discovery, management, and security – and gives developers a language for describing their policies. The e-Speak Service Framework makes it possible for web services to advertise, discover, negotiate and form contracts, learn each other's interfaces and protocols, and invoke each other's services, all with out human intervention.

e-Speak uses services descriptions presented as set of attributes from several Vocabularies that in turn are sets of common attributes to some logical group of services. There is a base to e-Speak Service Framework vocabulary with definition of basic attributes such as Type (string value), Name, Description, Version and Keywords. New vocabularies with extended set of attributes are created to describe specific characteristics of services, for example attributes that contain restrictions to service input values or keywords for more detailed classification. Every service is described only by one vocabulary.

e-Speak XML-based query language allow construction of queries that fetch all registered in the e-Speak engine services. Only those services are returned as a result of query, which were described using specified vocabulary and satisfy certain criteria for service attributes from that vocabulary. Condition for filtering services includes simple logical operation on attributes values and their combination. For example, it is possible to make a query to find any service defined via PizzaDeliveryServiceVocabulary with attribute location equal to “Jyväskylä” and price less then 5 euro and if “time of service” shows that it’s available right away. Most of the features of proposed e-Speak query language are akin to simplified SQL that allow fetching records from one database table (set of records defined with one “vocabulary” – database schema for a table).

2.2.3. 
ebXML

ebXML (stands for Electronic Business XML
) is a project to standardize the secure exchange of business data. It states that its mission as "to enabling the global use of electronic business in an interoperable, secure, and consistent manner by all parties."

A bit detailed aims of ebXML:

· provide an infrastructure that ensures data communication interoperability;

· provide a semantics framework that ensures commercial interoperability; 

· provide a mechanism that allows enterprises to find each other, agree to become trading partners and conduct business with each other. 

ebXML is designed to enable a web based electronic marketplace in which enterprises could safely and securely make business transactions through the exchange of XML-based messages. ebXML relies on the Internet's existing standards and protocols such as TCP/IP, MIME, SMTP, FTP, HTTP and XML, it is inexpensive, easy to use and can be deployed on almost any computing platform on the Web. 

The core infrastructure specifications of ebXML are the messaging service (ebMS specification), the registry and repository (ebRS specification), and the collaborative partner protocol (ebCPP specification).  The ebXML Framework allows a Trading Party to express via CPP supported Business Processes and Business Service Interface to other ebXML compliant Trading Parties.

ebXML grows over Electronic Document Interchange (EDI) that was the primary method used for direct computer-to-computer transfer of business information between companies, vendors, suppliers, client companies, and other organizations for 20 years. 

2.3. Semantic Web technology

The Semantic Web is the presentation of machine-processable semantics of data on the World Wide Web. It is a collaborative effort led by World Wide Web Consortium (W3C) with participation from a large number of researchers and industrial partners. It is based on the Resource Description Framework (RDF) and new web languages such as Web Ontology Language (OWL), DARPA Agent Markup Language (DAML), which integrate a variety of applications using XML for syntax and URIs for naming. 

The Semantic Web is an initiative with the goal of extending the current Web and facilitating Web automation, universally accessible web resources, and the 'Web of Trust', providing a universally accessible platform that allows data to be shared and processed by automated tools as well as by people. As defined in the statement of Semantic Web Activity:
“The Semantic Web is a vision: the idea of having data on the Web defined and linked in a way that it can be used by machines not just for display purposes, but for automation, integration and reuse of data across various applications.”

This vision assumes annotating artifacts being involved in semantic-enabled framework with machine-interpretable descriptions of their underlying semantics, and provides mechanisms for automated reasoning about them. To facilitate this new web languages and technologies are being developed, ontology and schema integration techniques along with Web Services Integration Standards are being defined (e.g. UDDI, ebXML, e-Speak) examined and refined. The success of the Semantic Web will depend on a widespread adoption of these technologies.
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Figure 2.5 - Current Semantic Web standards stack.

· XML provides a basic syntax for structured documents, but introduces no semantic constraints on the meaning of structured data.

· XML Schema is a language for restricting the structure of XML documents.

· RDF is of Semantic Web for processing metadata; provided by RDF interoperability allows applications exchange machine-understandable information on the Web. 
· RDF Schema is a vocabulary for describing properties and classes of RDF resources, with a semantics for generalization-hierarchies of such properties and classes.

· DAML+OIL and OWL are ontology languages that extend RDFS adding facilities to ontological reasoning.

2.3.1. 
Resource Description Framework concepts

The Resource Description Framework (RDF) is a general-purpose language for representing information in the Web
. 

The data model of RDF has three types of objects: resource, property and statements. Resource is the central concept of RDF. Resources object represents anything, from web pages to people. Properties express specific aspects, characteristics, attributes, or relations of a resource. Statements are special constructions that composed of a specific resource together with a property and its value for that resource. Values of properties can be resources itself in turn. There is another possibility for the value to be a literal, a primitive term that is not evaluated by an RDF processor. 

Presented using RDF model data is very similar to a basic directed graph, a very well understood data structure in computer science. Parts of such graph are RDF statements.  On the Figure 6 there is an example
 of RDF-graph.  

Additionally RDF statements can be written in form of so called triples that, in fact, are sets of   <resource property value>   elements. Such triples denote Subject-Predicate-Object statements enough expressive to describe both information and real-world objects.
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Resource with URI http://www.w3.org/TR/rdf-syntax-grammar has title 
“RDF/XML Syntax Specification (Revised)” and its editor’s name is “Dave Beckett”, whose home page is resource with URI http://purl.org/net/dajobe

Figure 2.6 - Example of RDF-graph.

RDF was designed for automation of Web resources processing and can be used in many application areas: 

· in resource discovery (to provide better search capabilities);

· in cataloging for describing the content and content relationships;
· in content rating and describing collections of pages that represent a single logical "document";
· for describing intellectual property rights of Web pages and for expressing the privacy policies of a Web site as well as the site user’s preferences. 
RDF-based digital signatures will be a key to building the "Web of Trust" – the ultimate aim of Semantic Web - for e-commerce, enterprise integration and other applications [Berners-Lee et al., 2001].

2.3.2. RDF Schema: Vocabulary description language for RDF

RDF properties are presented as attributes of resources and, thus, correspond to traditional attribute-value pairs in which properties represent relationships between resources. RDF does not provide description mechanism nor for properties, nor for relationships between these properties and other resources. RDF Schema, an extension of RDF, plays the role of the RDF vocabulary description language. It defines hierarchy of classes, properties and restrictions on how they may be used.

RDF statements are used to write RDF Schema vocabulary descriptions. The additional descriptive power of RDF Schema comes from a collection of RDF resources described RDF Schema Specification. These resources are used to determine characteristics of other resources, such as the domains and ranges of properties. 
2.3.3. Ontology languages: DAML+OIL, OWL 

RDF and RDF Schema provide basic features for information modeling and a simple knowledge representation mechanism for Web resources. However, there is necessity to have more modeling primitives than used in RDF Schema, such as data types and consistent facilities for expressing enumerations and description logic. Such possible application of RDF as a tool for practical AI systems development has come across the rather thin set of facilities of RDF.

DAML+OIL
 is an ontology description language manifested as RDF Schema extension. DAML+OIL comes from DARPA Agent Markup Language (DAML), a sponsored by U.S. government effort, which was a simple language with additional RDF class definitions than permitted more complicated descriptions then RDFS, and Ontology Inference Layer (OIL) effort providing more sophisticated classification, using concepts from frame-based AI (Artificial Intelligence). As a result, DAML+OIL is a language for expressing far more sophisticated classifications and properties of resources than RDFS [Connolly et al., 2001].

The most new part of the growing stack of W3C recommendations related to the Semantic Web is Web Ontology Language (OWL). OWL is a successor of DAML+OIL (it becomes a W3C’s Candidate Recommendation early in May, 2003). OWL has been designed to meet needs for a Web Ontology Language and incorporates lessons learned from the design and application of DAML+OIL [Dean et al., 2002]. 

OWL provides additional vocabulary elements for class modeling and description of class properties such as relations between classes (e.g. “disjointness”), cardinality of property values (e.g. "exactly one"), equality (synonymy), richer typing of properties, characterization of properties (e.g. symmetry), and enumerated classes. OWL is being designed to be easier to implement then DAML+OIL. As the matter of a fact, DAML+OIL community made their ontology language nearly universal for up-to-date needs, but implementation issues put some limits for development of DAML+OIL reasoning tools which are really very important for Semantic Web applications.

In general, the potential behind ontology languages is great. Adequate perception is an obligatory prerequisite of adequate behavior. In order to make computers process and store information more than just sequences of bytes in database records, but put them into universal structures that allow intelligent processing, more advanced languages then XML and even RDF are required. Ontologies that were adopted initially from philosophy and then from AI to Semantic Web concepts, are the universal way of expressing knowledge about the world and, practically, about more specific things like business, science, web resources etc. 

Despite of immaturity of Semantic Web technology, it’s on a way to developing basis for future of information technology which will revolutionize all spheres of Web [Fensel, 2001], particularly e-commerce, e-business, Enterprise Application Integration and Web Services. 

3. Semantic Web enabled Web Services

The next-generation Web Services will transform the web from static content, human-oriented and dependent e-services to a distributed computational system in which intelligent web services complemented by scalable mediation infrastructure to bring on top the performance of the Web. To facilitate full potential of Web Services, appropriate frameworks for the hottest problems of current Web are about to be developed [Fensel & Bussler, 2002].
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Figure 3.1 - Bringing Web on top of performance with Intelligent Web Services 
(adopted from [Fensel et al., 2002(c)]).

The main objectives of Semantic Web enabled Web Services development:

· Provide a comprehensive Web Service description framework.

· Define a Web Service discovery framework.

· Provide a scalable Web Service mediation platform. 

Description framework is based on ontological description of services that enables efficient semantic-match discovery framework within semantic-aware mediation environment.

Figure 3.2 - The Conceptual Web Services Stack (adopted from [Kreger, 2001]).

Current Web Services technology is in a whirl around UDDI, WSDL, and SOAP which are important steps towards a web of services, but only a part of the overall stack that is required. As the matter of fact, appropriate facilities have to be defined for every level of this prototype of computing stack.

3.1.  Requirements to web services

Web Services technology nowadays is based on UDDI and WSDL which do not make any use of semantic information, hence, failing to meet the problem of matchmaking between provided capabilities of services and service requestors’ needs [Sycara, 2003]. This sought functionality can not be achieved just on a basis of keyword searches and vocabularies of service types. 

But still, though they only partially address requirements sought by the Web Services vision, some lessons have been learnt from UDDI-WSDL-SOAP design. In [Fensel & Bussler, 2002] necessary to scalable web service discovery, mediation and composition elements were identified as: 

• Document types, which describe the content of business documents. 

• Semantics, which is introduced as semantic descriptions to be interpreted correctly by the service requesters and providers. Correct “understanding” of descriptions requires having defined in some vocabulary set of common to requesters and provider concepts (types of minimal pieces of information to be exchanged) described along with valid element values. Adoption of common vocabulary, in other word, gives a basis for communication and semantic sharing because of the same interpretation of description elements by both sides. If vocabularies are available, then documents are described in terms from vocabularies; if ontologies are available, then document descriptions refer to the concepts declared in ontology. Reasoning about service capabilities is possible using tool which perform semantic check, whether service corresponds to service requestor needs. Generally, vocabularies have very limited support for such kind of reasoning, whereas ontologies are meant for this.

    Finally, not only the semantics of message content can be annotated, but the intent of the message itself might be defined. The intentions are very important aspect in communication between information entities of any kind (agents, humans, business processes and web services), so semantics behind speech act have to be taken into account. 

• Transport binding, which is an agreement between service requestor and service provider on the transport mechanism to be used for service requests. Several transport mechanisms are available, i.e. HTTP(S), SMTP and FTP. Each transport mechanism associated with representation of request and response messages and underlying communication technology. 

•
Exchange sequence definition, which is transport-level communication protocol to follow in inherently unreliable data communication networks. The exchange sequence definition describes agreement on what kind of acknowledgment procedures and messages, time-outs and retry logic are used.

• Communication process definition, which is service access protocol, a manifestation of business logic in terms of the business messages exchange sequence.

 • Security. Every data contained in the message from the service requester to service provider, and vise versa, should be private and unmodified as well as non-reputable. Encryption and digital signing ensure the privacy whereby non-repudiation services ensure that neither service requester nor service provider can claim not to have sent a message or to have sent a different one.

• Syntax. Documents can be represented in one of many syntaxes available. XML is the most popular syntax that fits requirements to general multipurpose structured data representation format.

In UDDI only Transport binding, Exchange Sequence Definition and Communication Process Definition elements’ requirements are partially fulfilled via general UDDI architecture, SOAP and WSDL, and provide limited support in automated service recognition and comparison, configuration, combination and automated negotiation.
In addition to UDDI, WSDL and SOAP, there are standards such as WSFL, BPSS, XLANG, ebXML, BPML, WSCL and BPEL4WS, WS-Security and WS-Routing, which are intended to fill up other parts of the stack. But they are numerous, overlap each other in addressed problems, have heterogeneous data formats and have been developed by individual web-services industry players (like IBM, Microsoft and etc.) often for own innovations. It is evident that consistent solution cannot be achieved without combined efforts of industrial leaders and research communities.

Semantic web and the key Ontology technology propose ways to define such standards better and to map between them. It can bring communication on higher, semantic-enabled level, provide basis for solutions of service description and integration problems. Especially efficient and significant contributions will be made for defining Web Services description framework [Fensel et al., 2002(a)].   

3.2. Service description framework

It was argued in previous section that the metadata models used by the existing industry standards do not meet the requirements that stated for Web Services. Semantic Web initiative provides Resource Description Framework for any kind or resources on the Web and real world. It is natural to use results and approach of Semantic Web and apply them to web technology of the future.

Ontologies are key enabling technology for the Semantic Web [Fensel, 2001]. Being seen as formal specifications of conceptualizations, ontologies can provide common understanding of objects sorts, their properties, relations between objects that are possible in a particular domain of knowledge, an understanding that will be a basis for communication and interoperability across people and application systems. Ontological representation not only provides structure of knowledge in an explicit (and machine-readable form as it in case with RDFS, DAML+OIL and Web Ontology Language), but also enables integration. 

Management of resources in Semantic Web is impossible without use of ontologies, which can be considered as high-level metadata about semantics of Web resources and knowledge [Fensel et al., 2002(d)]. 

DAML-S is a DAML+OIL upper ontology for describing properties and capabilities of Web Services. DAML-S became a point of junction of Semantic Web and Web Services. 

DAML-S provides definition of a new class of resource on the Web: Service. Available properties and capabilities for describing Web services are introduced in DAML-S providing an unambiguous, computer interpretable markup language, which enables automation of service use by agents and reasoning about service properties and capabilities [Ankolenkar et al., 2001].

DAML-S aims enabling of automated Web service discovery, composition and interoperation, invocation and execution monitoring using information provided in machine-interpretable descriptions of web services. Service profile written in DAML-S consists of three parts which are descriptions of main aspects of service:

1. ServiceProfile 
Contains properties of service required for automatic discovery – about offered functionality, preconditions, inputs, outputs and effects of service invocation.

2. ServiceModel 
Description of the service’s process model. Advertisement of process model enables automated integration and invocation of services.

3. ServiceGrounding 
Description of communication-level details of service - bindings to communication protocols, message descriptions etc. expressed in WSDL. 

The current version of DAML-S is built on top of DAML+OIL. Next versions are likely to use OWL as it became a W3C standard.

Approaches to defining things followed in RosettaNet and ebXML frameworks are very alike to that in DAML‑S. The differences are in the extent and specific of described process. DAML-S follows Semantic Web’s line and uses ontology as a foundation for every description. RosettaNet and ebXML are e-business oriented frameworks whereas DAML-S stays aside of any specific service domain. The strength of DAML-S based service description is in adopted from Semantic Web having ontology as the schema for metadata provided. ebXML’s meta-models are similar to ontology used in DAML-S, though in less general sense and they are dedicated mostly to business process description; tModel, vocabularies and dictionaries in UDDI, e-Speak and RosettaNet are more schemas for description rather then basis for semantic annotation of web services. 

ebXML and RosettaNet e-commerce frameworks are given here to admit that proposed by DAML-S expressiveness is potential enough to become an important part of semantic-enabled Web Services that will be essential part in EAI, e-business. The following figure depicts the relations between DAML-S, WSDL, UDDI, RosettaNet, ebXML and related frameworks/languages. Service model, service profile and service grounding description capabilities are in the point of view.
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Figure 3.3 - Technologies and description languages concerning Web Services.
Correspondence to ServiceModel, ServiceProfile and ServiceGrounding
parts of DAML-S service description.
UDDI doesn’t provide facilities for service descriptions except keyword and industrial service type categorization. Without sharing common definitions and understanding of the concepts, without shared metadata and semantics associated with particular web service, an interaction between UDDI client and web service cannot be performed in the correct manner. Because DAML-S provides no framework for discovery (just syntax for descriptions) and UDDI has a lack of description potential, that make some minds thinking over extension of possibilities proposed by UDDI with DAML-S [Paolucci et al., 2001] to get the best of the two worlds: support from the popular industry standard framework and expressiveness from the Semantic Web.
Will DAML-S become a substantive for WSDL in UDDI framework or new mediation framework initially designed to be semantic-aware will be developed, depends on market, solution providers and adoption of Semantic Web approach. 

3.3.  Intelligent integration platforms for web services.

3.3.1. Base terminology

Integration of web services can be done using mediation platforms within mediation framework. The key aspects of what mediation provides:

· Communication and interoperability

· Service composition

· Transaction management

Term “integration of services” is often seen as of statement that some services can use platform- and program model independent protocol in some sort of heterogeneous environment. But in general integration of services means that there is framework where services can be published, discovered, service composition and required mediation can be performed.

Communication in web-services community consists of three types of entities:

· Requester: web service, agent or a system who requests and consumes service

· Provider: web service, agent or a system who provides web service interface

· Mediator: entity who retails, mediates and integrates services or service information

Implementing a thin SOAP/WSDL/UDDI layer on top of some application is not enough to build real Web Services. Trivial Web Services can be built that way, but a lot more infrastructure is needed for companies to create horizontal Web Services applications that span their enterprise.

Very important is to reflect two complementary principles in an appropriate modeling framework: the loose coupling and scalable mediation of web services. This requires mediators that map between different document structures and different business logics as well as the ability to express the difference between publicly visible workflows (public processes) and internal business logics of a complex web service (private processes) [Fensel & Bussler, 2002]:

· Strong de-coupling of the various components that realize an e-commerce application. This de-coupling includes information hiding based on the difference of internal business intelligence and public message exchange protocol interface descriptions.

· Strong mediation service enabling anybody to speak with everybody in a scalable manner. This mediation service includes the mediation of different terminologies as well as the mediation of different interaction styles.
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	Provide one service using Web etc. Include web-enabling, wrapping: SOAP

	Collection of services
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	Provide several individual

services using Web etc. (UDDI)
No integration between the

individual services



	Mediation of services
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	Provide several mediating 

services using Web etc. (E‑speak)

No integration between mediating services.



	Integration of services
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	Dynamic integration of services by connecting and cooperating several mediating services
(Intelligent Web Services?)


3.3.2. 
Communication models

Specific communication patterns exist within mediation framework. Considering them as point-to-point communication between requesters, providers and mediator, the following P2P models are distinguished [Siebes, 2002]:

Broker mediated model

In a mediated P2P network central servers contain an index of all the content and where it can be found. When the server receives a request, peers hosting the content are identified from the index. The server acts as a broker and “mediates” a direct communications link between the requesting peer and the closest, most efficient host peer. The server instructs the requesting peer where it can obtain the file, but is not otherwise involved in the transfer. This greatly reduces bandwidth and storage costs over a central server architecture.

Direct P2P model

This model let users register information with network neighbors. Searching across the network to find information is done by sending queries to neighbors, and if the neighbors don’t know the answer they send the query to their (or a selection of their) neighbors. Techniques like a history profile of the query could prevent cyclic behavior and restricts the chain length.

The big advantage of this approach is the independence of a centralized server that could be a bottleneck in CPU or storage capacity and it also prevents the possibility of censorship.

A disadvantage is the difficulty in finding the peers you need, so efficient P2P search methods (more then just broadcasting) and semantic matchmaking methods (more then keyword search) are to be developed.

3.3.3. Integration architectures

Integration architectures described in this section corresponds to basic metaphors laid in basis of service mediation framework. Three most distinctive architectures are presented.

1) Centralized architecture (UDDI, ebXML): registries and hubs.

  

Figure 3.4 - Centralized mediation architecture.

There is a central point which mediates service publishing/discovering in the framework. All services are registered on it (registries) or can be accessed via adapters on it (hubs). The discovering of service initiated by services requestor, and after finding matching service central node provides information how (where, in what manner) access discovered service. 

Service requestor can access service via proposed by hub adaptors or directly using platform-independent way of communication.

2) Semi-centralized architecture (E-speak): mediation cloud model

In this architecture more then one service registries exist that are not just replicas, i.e. contains the same information about services, but rather distributed registry. Service publishing is required to only one registry, and after that it can be discovered by any of mediation node.
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Figure 3.5 - E-speak engines and E-speak service platforms as an example of semi‑centralized mediation architecture.

3) Decentralized (P2P network of communicated nodes)

Figure 3.6 - P2P service network architecture.

In decentralized architecture there are no dedicated nodes (registries, hubs) that serve for mediation (service publishing, service discovery, service composition). Quite the contrary, every participant node has a kind of adapter to the service network which contains information about neighbors and can perform service discovery and routing of service requests. 

Such architecture possesses high degree of fault tolerance since there are no central elements. Though the implementation can be much more complex for such architecture and current solutions have certain restrictions [Siebes, 2002] , the peer-to-peer communication based on Semantic Web service description and discovery facilities will be compromising between efficiency, flexibility and faultiness. 

Specific issues when combining P2P systems with Semantic Web technology will be

· Peer selection service

In order to receive the right answers without flooding the peer network with queries one must ask the “right” peers. Ontology-based peer selection mechanisms need to exploit similarity of ontologies for this purpose.

· Variation of ontologies and lack of ontological precision

Different peers will use different, though overlapping ontologies. Alignment, mapping and visualization tools will have to cope with different ontologies, even though no alignments are explicitly specified. Some of the alignments and the mappings may be found by analysis of peer knowledge using methods of the just emerging field of Emergent Semantics (e.g. same file categorized to different concepts indicates alignment. Ontologies will be produced from various user interactions, like classifications into folders or usage of meta-data. Ontology definitions will be imprecise and “sloppy” ontologies will be the norm rather than the exception. An inference engine for these ontologies must be able to ask and answer queries to peers in a robust, scalable, often locally contained, manner.

· Ontological drift

In a P2P environment, one cannot expect any maintenance to happen on the ontologies (in fact, users will often not know what is in the ontologies on their machine). As a result, we must design mechanisms that allow the ontologies to update them, in order to cope with ontological drift. Based on the queries and answers elsewhere in the P2P network, ontologies will have to adjust their own definitions accordingly.

3.4. Dynamic service discovery

The problem of service discovery and the importance of correspondent “convenient” and expressive means for service advertisement have to be explained very clearly.

If a known business partner has a known electronic commerce gateway to required resources (web services), then there is nothing left to discover. But the tacit assumption about that all of the information is already known no more then desired thing in real world. If you want to find out which business partners have which services, the ability to discover the answers can quickly become difficult. Even more difficult to choose among variety of web services the one which you really need.

The option to call every place on the phone and then try to find the right person to talk with is not appropriate. For an e-business that exposes Web services, most likely, there is be no staff to satisfy random discovery demand. More over, the idea of having web services implies the absence of human in service discovery. So the only possibility is to use an appropriate description framework and discovery mechanism that uses it efficiently and on its full potential. Whether it is in centralized, partially-centralized or in fully distributed mediation framework which exists in particular web service solution, service advertisement are located in web service registry/registries or on service platforms of P2P-like service network and matchmaking performed, which is a process of discovering an advertisement that best matches a request for a particular service.

 Advanced matchmaking services require rich and flexible metadata independently on used mediation architecture. The Semantic Web initiative evolves RDF and ontology languages as tools that might help fill the gap between the current “traditional” solutions and the requirement for advanced matchmaking.

Current service retrieval approaches have serious limitations with respect to meeting the challenges described above. They either perform relatively poorly or make unrealistic demands of those who wish to index or retrieve services. The information initially as focused on the retrieval of documents, not services per se, and has as a result emphasized keyword-based approaches. The software agents and distributed computing communities have developed simple ‘frame-based’ approaches for ‘matchmaking’ between tasks and on-line services:
Figure 3.7 - State of the art service discovery (from [Klein & Bernstein, 2002]).

Recall is the extent to which a search engine retrieves all of the items that one is interested in (i.e. avoiding false negatives) while precision is the extent to which the tool retrieves only the items that one is interested in (i.e. avoiding false positives).

Most search engines look for items (e.g. web pages) that contain the keywords in the query. More sophisticated variants (based on the technique known as TFIDF: “Term Frequency/Inverted Document Frequency”) look for items in which the searched-for keywords are more common than usual, thereby increasing precision [Klein & Bernstein, 2002].
3.4.1. Requirements to service descriptions

Each of considered before in this work frameworks (e-Speak, UDDI, ebXML, RosettaNet) uses its own mechanism to make descriptive advertisements about services. The basic requirements to service description language in [Trastour et al., 2001], formulated as:

Requirement 1: 
High degree of flexibility and expressiveness

Requirement 2: 
Ability to express semi-structured data

Requirement 3: 
Support for types and subsumption (categorization)

Requirement 4: 
Ability to express constraints

Considering these requirements and comparing proposed by Semantic Web ontological descriptions (written in DAML-S) and other frameworks facilities, following conclusions become clear:

· in DAML-S: RDF layer as a representation basis covers requirements 1 and 2, RDFS layer covers 3rd and refines 1st , whereas DAML layer can meet 4th requirement;

· in UDDI tModels have no classification or organization of data structures (see Req. 3);

· tModels only provide a tagging mechanism and only a first level filter is provided. Further discrimination is done in direct communication with the service provider (see Req. 2);

· searching is only done by string equality matching on some fields such as name, location or URL (see Req. 3 and 4);

· there is no possibility to extend the description schema (see Req. 1 and 2).

· ebXML framework is very focused on defining business processes definition and business documents payload; the Core Component vocabulary meta-model does not look very rich and do not provide support for semi-structured data (Req. 1), inheritance (Req. 3) and constraints (Req. 4);

· nor e-Speak, nor RosettaNet framework seemed to provide anything beyond a basic ontology definition (vocabularies and dictionaries can be seen as primitive ontologies with limited capabilities).

ProcessModel in DAML-S description of service provide description of workflow within service. There are at least two reasons for that. The first reason is to enable monitoring of service execution stages; this can be used for complex transactions management with many services involved, where execution of services can be stopped due to some conditions. The second reason is to provide additional service semantic that will be used for better service matching. For instance, if specified that service at first “makes lookup” in “address database”  repository for text from inputs annotated as “person name”, and then find “map” for “address”, then this service has more chances to be used than service with “person” as input and “map” as output if relation between “person” and “map” is not specified as “map-of-the-location-of-the-person” Note, that in traditional UDDI/WSDL description we’d have description that service has string as input and string (url) as output, and also keywords “location map person” that describe service along with some unique service identifier (tModel) which has to be known to service requestor a priori to use it for service discovery.

Hence, DAML-S provides better the means for a web service to advertise its functionality to potential users of the service. The detailed process description of the service enriched with ontology features, thus leads to more accurate matchmaking.  

3.4.2. 
RDF-based serialization (RDF vs. SOAP)

SOAP message consists of the SOAP envelope for expressing what is in a message; who should deal with it, and whether it is optional or mandatory. The SOAP encoding rules define a serialization mechanism and a convention that can be used to represent remote procedure calls and responses. 

SOAP standard matches perfectly initial idea of exchange instances of application-defined data types in heterogeneous distributed environment (“RPC over web”), but there are some limitations of SOAP to be a base standard of universal messaging framework for Web Service technology:

· SOAP message formats are provided as a part of higher level standards, e.g. WSDL, hence communication requires a-priori agreement between Web Services on message format and protocol;

· SOAP standard has no communicative speech acts: there is no way to determine intention of the message sender or what the message trying to achieve (semantic of message is not introduced explicitly).

From the point of view of Semantic Web enabled Web Services approach, SOAP is not suitable as container language for semantic-aware mediation since it, first, has no semantic and, second, scores low on possibility to be used in situation when there is no a priori message format are defined. 

It is possible to use RDF payload in SOAP (as a first step from SOAP to RDF messaging) or even SOAP-less pure-RDF messaging system. Corresponding ontology support and mediation framework are required.

RDF can be chosen as a messaging language for Web Services because: 

· it is easy to parse (as easy as SOAP since both are XML based) and more readable for human, since statements’ order in RDF is not important; 

· it supports knowledge representation for service description and any other asserts (e.g. about preferences, security etc.), allowing inference on such information; 

· it will be widely used for resources description and developed tools will be reused for web service if appropriate web service ontology exist;

· it is not structure-oriented as SOAP, but semantic-oriented; there is a resource description model behind the RDF which binds assertions (RDF statements) in the message to ontology and there is XML Schema behind SOAP which only restricts XML structure of the message;

· RDF and ontologies in Semantic Web are going to be universal semantic description framework and their adoption will be a crucial point in the future knowledge management technologies, so accepting it in advance is reasonable.

From above statements two conclusions become obvious:

1) SOAP needs semantic “injected” in it or to be superseded by another semantic-enabled standard;

2) RDF and “mediation” ontology for Web Services are possible substitutes proposed by Semantic Web.

Sure, there's no question that Semantic Web Services are harder to build than SOAP services. Especially because there are already powerful tools developed for traditional services technology that supports SOAP (like Microsoft .NET, for instance), but no any more advanced then pilot implementation in some projects tools for Semantic Web software development. And it’s clear why it is so; Semantic Web and future technologies with it are being just developed, there is a gap between ideal and reality, but it will be filled soon [Ohlms, 2002]. Semantic Web Services, while requiring some more work at the outset, make it more likely that services will last a while and play well with others. 

3.4.3. Query language for service capabilities

One of the aspects that slow Semantic Web adoption is a lack of flexible and featured tools for querying knowledge representation model contained in ontology and doing reasoning on it as well as querying RDF based content of semantic annotations.

The analogy with databases is obvious: databases store data and RDF descriptions store semantically annotated data; databases include schemas to describe types of attribute values and relationships between tables, and in Semantic Web ontologies play role of “schema” for semantic descriptions, but also uses much richer, universal way to describe relationship between concepts (cf. tables in databases)

Querying tools for RDF are being designed and first implementations are already available [Karvounarakis et al., 2002]. Eventually, they will perform queries and get an answer from the local repository, but splits the query if it can be satisfied only partially and distribute the sub-queries in the P2P network. In this case the query first has to be rewritten in order to the underlying knowledge structures on other peers. The routing is based on meta-information about their knowledge and trust. The other peers will answer the queries in the same fashion and finally return answers, which are put together and presented back to the query issuer. 

Enabling efficient querying of underlying model of semantic descriptions will play important role not only in web service discovery but in Semantic Web based knowledge management solutions in general.

3.5. 
Service Composition

Composition of web services that have been previously annotated with semantics and discovered by a mediation platform is another benefit proposed by Semantic Web for Web Services. 

Composition of services can be quite simple sequence of service calls passing outputs of one service to the next and much more complex, where execution path (service workflow) is not a sequence but more sophisticated structure, or intermediate data transformation is required to join outputs of one service with inputs of another. Within traditional approach such service composition can be created but with limitations: since semantics of inputs/outputs is not introduced explicitly, the only way to find matching service is to follow data types of its inputs and/or know exactly what service is required. This approach works for simple composition problem but fails for problems required for the future Web Services for e-commerce.

As an example of composition, suppose there are two web services, an on-line language translator and a dictionary service, where the first one translates text between several language pairs and the second returns the meaning of English words. If a user needs a FinnishDictionary service, neither of these can satisfy the requirement. However, together they can (the input can be translated from Finnish to English, fed through the English Dictionary, and then translated back to Finnish). The dynamic composition of such services is difficult using just the WSDL descriptions, since each description would designate strings as input and output, rather than the necessary concept for combining them (that is, some of these input strings must be the name of languages, others must be the strings representing user inputs and the translator's outputs. To provide the semantic concepts like language or French, we can use the ontologies provided by the Semantic Web.

Service composition can also be used in linking Web (and Semantic Web) concepts to services provided in other network-based environments [Sirin et al., 2002]. One example is the sensor network environment which includes two types of services; basic sensor services and sensor processing services. Each sensor is related to one web service which returns the sensor data as the output. Sensor processing services combine the data coming from different sensors in some way and produce a new output. These sensors have properties that describe their capabilities, such as sensitivity, range, etc., as well as some non-functional attributes, such as name, location, etc. These attributes, taken together tell whether the sensor's service is relevant for some specific task. An example task in this environment would involve retrieving data from several sensors and using relevant fusion services to process them via SOAP calls. As an example, the data from several acoustic and infrared sensors can be combined together and after applying filters and special functions, this data may be used to identify the objects in the environment. In this setting, we need to describe the services that are available for combining sensors and the attributes of the sensors that are relevant to those services. More importantly, the user needs a flexible mechanism for filtering sensor services and combining only those that can realistically be fused (for example the set representing a particular geographic area shown as a latitude/longitude box).

In DAML-S ServiceGrounding part of service description provides knowledge required to access service (where, what data, in what sequence communication goes) and ServiceProfile part provides the meaning what service is used for. Both these pieces of information are enough (supposed by Semantic Web vision) to be used by intelligent mediator (intelligent agent, mediation platform, transaction manager etc.) for using this service directly or as a part of compound service.

The implementation of service composer [Sirin, 2002] have shown how to use semantic descriptions to aid in the composition of web services-- it directly combines the DAML-S semantic service descriptions with actual invocations of the WSDL descriptions allowing us to execute the composed services on the Web. The prototype system can compose the actual web services deployed on the internet as well as providing filtering capabilities where a large number of similar services may be available.

Transactions are crucial building blocks of any business process and a comprehensive business process standard must provide a means for specifying how transactions are managed. Long-running transactions that may take hours or weeks to complete must be supported. If an enclosing transaction fails after an enclosed transaction is completed, some compensating actions may be needed. For example if a hotel reservation is cancelled after a payment has been authorized, a compensating action may be required to cancel the payment. Time constraints for receiving responses or acknowledgements may also be required. 

The requirements to mediation platform demand special mediation services that can plan, organize, control and roll-back transactions. Also this leads to high requirements to service description framework and service composition facilities as well.

4.  
Challenges of Semantic Web enabled Web Services

4.1. 
Applicability of Semantic Web to Web Services

Current industry landscape provides only initial and very partial solutions of the ultimate problem of Web Services. Existing de-facto standards for web service description (WSDL), publication, registration and discovery (UDDI), binding, invocation, communication (SOAP) provide only syntactical capabilities and unfortunately do not really cope with service semantics. Known industrial implementations such as HP e-Speak are based on these standards and do not completely solve the challenge of semantic service interoperability. It should be mentioned that major industrial players realize the necessity of further targeted joint research and development in the field. 

Most recent research and standardization activities of DAML community resulted in offering semantic service markup language DAML-S based on RDF platform. The constellation of XML based languages/ontologies for business process, logistics description is also expanding: WSFL, ebXML, BPML, BPEL4WS… Conceptual frameworks for Web Service modeling are also under development at the front-end of today’s research activities. WSMF [Fensel & Bussler, 2002] is one of the good examples. The principles of the WSMF philosophy are: maximal possible de-coupling complemented by scalable mediation service. 

Generally, the Semantic Web will allow giving richer descriptions of Web services (e.g., semi-structured data, types, inheritance, and semantic constraints). The key role of the broker may disappear, it may still be viable as a kind of search machine for Web services (with meta-search engines on top), but it will lose its central role, because everyone may publish semantic descriptions and crawlers may find them. Personalized machine agents will take over the role of a service requestor from the human user. And, they may also do the composition for the human users, other services and smart devices. 

However, an evolutionary development of Web Service architecture will include also “traditional” features offering several advantages. For instance, a service brokering as a part of mediation framework may take care of concerns like validation of information or even selection of service providers.

	Dimension
	“Traditional”
	Semantic Web

	Service
	Simple
	Composed

	Requestor
	Human
	Machine

	Provider
	Registration
	No registration

	Broker
	Key Player
	Facilitator

	Service description
	Taxonomy
	Ontology

	Descriptive elements
	Closed world
	Open world

	Data exchange
	Syntactic-based
	Semantics-based


Table 4.1 – Comparison between traditional and semantic-enabled web services.

4.2. 
Ontology management issues

Along with promises to become a key for the Web, semantic based technologies will encounter some fundamental for Semantic Web problems concerning ontology engineering, ontology management and maintenance. Among other problems to be solved: ontology learning from heterogeneous sources, adaptation of existing ontologies to new standards, modular ontologies in distributed environment, reusability and versioning. Very important part is ontology-based inference tools support, querying tools and visualization of Semantic Web [Benjamins et al., 2002].

Semantic Web enabled Web Services empowered by ontologies will inherit some problem to solve before becoming mature technology.

Semantics has not been new to the database and information systems community. Semantics in data models was studied intensively in the 1980s, and applied to problems such as query processing, view management, schema transformation, schema integration and transaction processing.  Semantic heterogeneity and interoperability have been studied as part of all major information systems architectures during the last three decades, including federated, mediator, and information brokering architectures.  Many projects in information interoperability and integration have addressed semantic heterogeneity.  In addition to the study of semantics, there are several important areas of expertise within the database and Information Systems community developed as part of successful database management, information interoperability, information retrieval and workflow management systems that will be important to build large scale, high performance and practical Semantic Web and Enterprise solutions.  A partial list of relevant technology for, e.g., semantic web services includes transaction management, query planning and optimization, distributed scheduling, exception handling, dynamic changes and adaptation, and security. 

The envisaged next generation of the Web distributed and dynamic character of the web will cause that many versions and variants of ontologies will arise. Ontologies are often developed by several persons and continue to evolve over time. Moreover, domain changes, adaptations to different tasks, or changes in the conceptualization might cause modifications of the ontology. This will likely cause incompatibilities in the applications and ontologies that refer to them and will give wrong interpretations to data or make data inaccessible. To form a real Semantic Web, it is necessary that the knowledge that is represented in the different versions of ontologies is interoperable. It is therefore important to create links between ontology versions that specify how the knowledge in the different versions of the ontologies is related. These links can be used to re-interpret data and knowledge under different versions of ontologies [Klein & Fensel, 2001].

With rising importance of knowledge interchange, many industrial and academic applications have adopted ontologies as their conceptual backbone. However, industrial and academic environments are very dynamic, thus inducing changes to application requirements. To fulfill these changes, often the underlying ontology must be evolved as well. As ontologies grow in size, the complexity of change management increases, thus requiring a well-structured ontology evolution process [Stojanivic et al., 2002].
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Figure 4.1 – Stages of ontology evolution in distributed environment.

The Semantic Web has often been called ambitious, and while it may not achieve all of its goals it seems likely that it will achieve at least some. In the near future, more RDF content and Semantic Web Services are likely to become available, along with interesting and novel ways to use them. It is very likely that there will be some good progress on the more advanced Semantic Web researches around ontology management and some of them may even result in industrial strong solutions.

4.3. 
Ontology management requirements

Ontologies have appeared as an indispensable tool in information and knowledge sharing. In the recent emergence of the theme of Semantic Web, ontologies play critical role in associating meaning with data such that computers can understand enough to meaningfully process data automatically. Compared to syntactic means, a semantic approach leads to high quality and more relevant information for improved decision making. Ontologies are also evolving as the basis for improving data usage, achieving semantic interoperability, developing advanced methods for representing and using complex metadata, correlating information, knowledge sharing and discovery. Ultimately, ontologies can be an important tool in expediting the advancement of related sciences, and reduce the cost by improving sharing of information and knowledge.

The use of ontologies is seen as the best solution not only to solve these particular problems, but also to provide a common knowledge infrastructure for other automation applications like process automation, computer aided engineering etc.  Most of such applications will be knowledge-enabled and use ontologies to drive their services.
 

An extensive requirement gathering process has to be undertaken to compile requirements for ontology management solutions. Key requirements for ontology management are identified ([McGuinness, 2001]) as:

Scalability, Availability, Reliability and Performance 

These requirements are considered as most essential for industrial space, both during the ontology development, maintenance phase and deployment phase of the ontology. The ontology management solutions have to allow distributed development of large-scale ontologies concurrently and collaboratively by multiple users with remaining high level of reliability and performance. For the deployment, this requirement was considered to be even more important. Software accessing ontological data need to be reliable and fast.

Distributed Multi-User Collaboration
Collaboration was seen as a key to knowledge sharing and building. Ontologists, domain experts, and business analysts need a tool that allows them to work collaboratively to create and maintain ontologies even if they work in different geographic locations. 

Ease of Use 
The ontology development and maintenance process had to be simple, and the tools usable by ontologists as well as domain experts.

Extensible and Flexible Knowledge Representation

The knowledge model needed to incorporate the best knowledge representation practices available in the industry and be flexible and extensible enough to easily incorporate new representational features and incorporate and interoperate with different knowledge models such as RDF(S) and DAML+OIL. 

Standardized interfaces for application 

For supporting interoperability and sharing information between applications, the ontology solution needed to provide standardized interfaces to enable interaction and interoperability with other applications. 

Internationalization 

Applications using ontological data have to serve users around the world. The ontology management solution needed to allow users to create ontologies in different languages and support the display or retrieval of ontologies using different locales based on the user’s geographical location. We can assume, of course, that one “official” language will be chosen globally, but internalization idea seems to be attractive to the end-users of maintenance system.

These requirements are considered to be the most important for an industrial ontology management solution.

Researchers and practitioners in the database, information systems and internet fields over the years have made significant progress towards the building of solutions that involve such systems for a wide range of application domains. In doing this, solutions necessarily concentrated mainly on syntax as the readily available unifying formalism for representation and structure, rather more than on the broad variety of semantics involved. One of the recent unifying visions is that of Semantic Web, which proposed semantic annotation of data, so that programs can understand it, and help in making decisions.  Researchers have subsequently seen the value of using semantics to understand information and decision making needs of humans, so that data and human’s needs can be semantically intermediated. The scope of semantics-based solutions has also moved from data and information to services and processes.

Conclusions
The success of the web was based on easy information access before it became significantly difficult to search, present and maintain the variety of information in it. As a response to this problem, new research initiatives and enterprises have started efforts to enrich available information with machine-understandable semantics. The Semantic Web is promised to provide intelligent access to distributed, heterogeneous information and enable mediation via software products between user needs and the available information sources. 

The Semantic Web is a key initiative being promoted by the World Wide Web Consortium (W3C) as the next generation of the current web which has machine-understandable   metadata as its foundation and a comprehensive framework that will make resources and services on the Web available to automatic using and processing by machines. 

Web Services is a new component-based approach to application development. Within   the   context   of   reusable distributed components, Web services represent the latest architectural advancement.  Such  concepts can be synthesized providing powerful new  mechanisms  for  quickly  modeling,  creating  and  deploying complex  applications  that  readily  adapt  to  real  world need. In this work, Web Services as one of area for Semantic Web approach was discovered. 

Web services are quickly becoming significant technology in the evolution of the Web and distributed computing. Web services leverage the data independence of XML to solve enterprise integration problems, both inside and outside the firewall. Web service interfaces are shells, or wrappers, that map to any type of software program, middleware system, database management system, or packaged application.

Web Services technology resides on the edge of limitation of the current web and desperately needs advanced semantic provision oriented approach. At present, the World Wide Web is mainly a collection of information and does provide efficient support in processing of this huge amount of information available. Especially promising Web services idea clashes with problems in the basis of the human-oriented Web which allows services to be accessed and executed, but has no facilities to discover web services by those who need them. All service descriptions are based on semi-formal natural language descriptions and put limits to find them easily. Bringing web services to their full potential requires their combination with approach proposed by Semantic Web technology. It will provide automation in service discovery, configuration, matching client’s needs and composition. 

Semantic Web enabled Web Services are going to make a great impact on our life even more the current web already has. [Bussler, 2001] identifies the following necessary elements provide efficient enterprise application integration: description and advertisement of public process; service discovery; service selection and composition; delivery, monitoring and contract negotiation. Without having these processes mechanized, e-commerce in Internet will not be on its full potential. First attempts to join web services and semantic web technology have already been made. In [Trastour et al., 2001] problem of matchmaking is examined, features of a matchmaking service should exhibit and deriving requirements on metadata for description of services from a matchmaking point of view are described. 
There are doubts both in research and development world, whether Semantic Web propositions about having everything linked with semantic associated in machine-understandable way are feasible within, for example, 5-10 years. 

The importance of Web services has been recognized and widely accepted by industry and academic research. The service paradigm will be a crucial part of the Semantic Web it will enable automatic discovery, selection, invocation, composition, monitoring of services (and more) However, the two worlds have proposed solutions that progress along different dimensions. Academic research has been mostly concerned with expressiveness of service descriptions, while industry has focused on modularization of service layers — mostly for usability in the short term.

New types of applications are being created by using standard Web services building blocks, thus creating greater economies of scale in automating business and consumer interactions with the Web and with each other. Web services technologies are rapidly changing, and a long list of additional features and functionality is required to complete the vision. The basic Web services standards—SOAP, WSDL, and UDDI—are immediately useful for many applications, such as publishing interfaces to automated business processes, bridging disparate software domains, and connecting wireless clients to Web functions.

With UDDI, SOAP, WSDL, industry has made a bold move forward and started initiatives that target the potential benefits of Web services. The focus of the initiatives was — rather naturally — an evolutionary step from current Web technology toward a technology for Web services. Key concerns of the initiatives were, e.g., short-term applicability or scalability. This implies that the corresponding Web service architectures build on little really new technology inside, e.g. they use standardized taxonomies and vocabularies that exhibit little flexibility and expressiveness and that restricts the usability of Web services mostly to human users rather than machine agents. For the latter one would need, e.g., Web service description languages that support semi-structured data, constraints, types and inheritance.

In contrast to the industry point of view, academic research has investigated languages that fulfill exactly these needs offering extensible ontology frameworks and layering of languages in the Semantic Web. A smooth evolution from Web services in the current Web to Web services in the Semantic Web appears possible and, in fact, highly desirable [Ankolenkar et al., 2001] and [Fensel & Bussler, 2002].

The benefits of the integration include increased visibility of Web services, because open ontology frameworks allow for semantically expressive advertising on the Web that may be found by Web crawlers. They include better usability because of more expressive Web service descriptions. They include a smooth evolution from Web services for human users such as targeted by current industry (quasi-)standards toward Web services for personalized machine agents that assist the user.

After looking at the industry standards, it is obvious that further work is required in following areas:

· Providing a comprehensive Web Service description framework that includes service modeling (it seems to be a weakness in DAML-S). 

· Establishing a tight connection to industrial efforts like XML, RDF, WSDL, WSFL and research efforts like, DAML+OIL, OWL, DAML-S etc.,  popularization of Semantic Web approach in the industry and, finally, pointing to industry needs for new technologies and that they are available soon.

· Defining a Web Service discovery framework that goes beyond simple registration means (like UDDI) and provides advanced ontology-based and metadata driven service discovery (DAML-S currently provides means but doesn’t specify how to do it).

· Providing a scalable Web Service mediation framework that is fundamentally based on the P2P approach in order to provide direct connectivity between service requestors and service providers (at the moment only centralized architectures are in use). This framework also includes means for configuration, composition and negotiation.

· Investigate recent trends around the semantic web and web services and their potential in scientific terms (more researches in ontology management and services composition, also, policing issues of the Web Of Trust)

· Building a large core consortium for Semantic Web Web Services related challenges to provide stable standardization process.

A large amount of work exists around this problem that has not found yet its way into real applications and industry. The situation  

 so further efforts have to be concentrated in these directions:

-  exploring and extending Semantic Web technology;

-  resolving the bottlenecks of Semantic Web technology;

-  bring the latest Semantic Web technology to industry;  

- applying and improving the existing Semantic Web technology in the real-life applications.
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� W3C Web Services Activity,  � HYPERLINK "http://www.w3.org/2002/ws/" ��http://www.w3.org/2002/ws/�


� W3C Metadata Activity,  http://www.w3.org/Metadata/





� W3C Semantic Web Activity,  http://www.w3.org/2001/sw/





� RosettaNet Consortium, http://www.rosettanet.org


� W3C Recommendation is available at http://www.w3.org/TR/2000/REC-xml-20001006


� See specifications on XML Protocol Group site, http://www.w3.org/2000/xp/Group/


� Web Services Description Working Group, http://www.w3.org/2002/ws/desc/


� http://www.uddi.org/


� IBM extension for SOAP, http://www-106.ibm.com/developerworks/webservices/library/ws-secure/ 


� Specification at W3C site, http://www.w3.org/TR/wscl10/


�  OASIS Consortium, http://www.ebxml.org/


� W3C Resource Description Framework,  http://www.w3.org/RDF/


� from RDF syntax reference, http://www.w3.org/TR/rdf-syntax-grammar


� � HYPERLINK "http://www.w3.org/TR/daml+oil-reference" �Latest version� is available at http://www.daml.org/language/. 
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