	Web services

http://www.w3.org/2002/ws/, and others

	Vendor

	
	Various companies and industry bodies, including:

· World Wide Web Consortium (W3C: http://w3.org/)

· OASIS (http://www.oasis-open.org/)

· Web Services Interoperability Organization (WS-I: http://www.ws-i.org/) 

· Microsoft (http://www.microsoft.com/)
· IBM (http://www.ibm.com/)
· Sun Microsystems (http://www.sun.com/)

	OVERALL DESCRIPTION

	
	Web services are software applications that communicate with each other over the internet, using several standardised technologies (collectively the Web Services Architecture, WSA) for machine-to-machine interaction.

“A Web service is an abstract notion that must be implemented by a concrete agent. The agent is the concrete piece of software or hardware that sends and receives messages, while the service is the resource characterized by the abstract set of functionality that is provided. To illustrate this distinction, you might implement a particular Web service using one agent one day (perhaps written in one programming language), and a different agent the next day (perhaps written in a different programming language) with the same functionality. Although the agent may have changed, the Web service remains the same.”


	Rationale

	
	Building upon the greater levels of data exchange interoperability that XML has enabled, web services present a common approach for individual applications, running on various platforms and/or software frameworks, to communicate using standardised methods.

	Business model

	
	Multiple vendors and consortiums contributing to common standards.

	Primary user group

	
	Organisations and individuals developing network-based software.

	Design philosophy

	
	To enable numerous loosely connected interoperable services which can interact to provide sophisticated added-value services.

	Components

	
	As there are innumerable developments relating to web services, review of all of them is not possible. This report shall examine:
1. Core specifications. These provide the essential, low-level parts of the WSA. They are developed by the W3C and other industry groups.

2. Specifications for web services architecture. These provide higher-level functions in the WSA.
3. Specification profiles. These provide guidance and best practice advice for using specifications and collections of specifications interoperably.


	1. Core specifications

	
	XML (Extensible Markup Language , http://www.w3.org/XML/)

A simple, very flexible text format that can be used to mark up and share data using agreed vocabularies.
SOAP (Simple Object Access Protocol or Service Oriented Architecture Protocol, http://www.w3.org/TR/ws-arch/#SOAP)
SOAP is a framework for sending structured data between distributed computers, using XML.
WSDL (Web Services Description Language, http://www.w3.org/TR/ws-arch/#WSDL)
WSDL is a format to describe web services by, stating the messages that are exchanged between the systems providing and using the web service.
REST (Representational State Transfer, http://www.ics.uci.edu/~fielding/pubs/dissertation/top.htm)
REST is not in fact a specification, but an architectural style for networked systems – and is the architectural model for the WWW.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Technical implementation

	
	XML:

A document and data mark-up language based upon SGML, but designed to be easier to use and implement.
SOAP:

SOAP is an XML language providing a way to use RPC (Remote Procedure Call, as used in traditional desktop software) style mechanisms with applications distributed over networks. In a sense, SOAP is the web equivalent of the CORBA standard for interoperability between heterogeneous applications.
WSDL:

WSDL is an XML language defining a standard vocabulary to describe aspects (e.g. allowable inputs and types of outputs) of a web service. SOAP web services are usually defined with WSDL.
REST:
A REST system uses three components:

· Standardized formats (e.g. MIME, XML vocabularies),

· A standardized application protocol (HTTP), and

· A single URI namespace (Web addresses).
Instead of needing numerous Application Programming Interfaces (APIs) for an application (as with SOAP), REST uses the fundamental methods provided by HTTP (GET, PUT, DELETE, POST) on resources located using URIs.
REST has been suggested as an alternative approach to SOAP-based web services, with advantages over SOAP in being simpler, more flexible, and easier to integrate into existing security and maintenance processes.

	Maturity

	
	Current specification versions:

XML:

Version 1.0, Third Edition (W3C Recommendation, 04 February 2004)
SOAP:
Version 1.2 (W3C recommendation, 24 June 2003)

WSDL:
Version 1.1 (W3C unofficial note, 15 March 2001)
REST:

No single specification to refer to, although it uses mature technology, ranging in age from 3 years (HTTP 1.1) to 10 years (URIs).

	Future development

	
	XML:

XML is generally stable, although there is work to improve the efficiency of XML in certain uses, by better integration of binary data with XML (http://www.w3.org/TR/2004/CR-xop10-20040826/).
SOAP:
Additional supporting documentation is under development to provide use cases, requirements, and optimisation (http://www.w3.org/TR/2004/WD-soap12-os-ucr-20040608/, http://www.w3.org/TR/2004/CR-soap12-mtom-20040826/).
WSDL:
Version 2.0 (http://www.w3.org/TR/2004/WD-wsdl20-20040803/).
REST:
There is some work to create a description format for REST (as WSDL is to SOAP), and SOAP/REST hybrid solutions may be appropriate for some applications in future.
There is compelling argument by REST proponents that, for web services to be as successful as the web, the REST approach must predominate, as opposed to the less scaleable RPC style of SOAP.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	All are widely used.

	Success of implementation

	
	XML is very successful, being widely used for innumerable different roles.

SOAP is well known and has enjoyed notable real world use (e.g. Amazon, Google, eBay). However, it has received criticism for its complexity and a design providing what is effectively a back door through firewalls.
WSDL goes hand-in-hand with SOAP as it is a useful way to get into a SOAP web service, so has seen similar levels of use.
REST does not receive as much publicity as SOAP, but is also popular – the REST interface to Amazon.com serves 85% of the web services operations, and performs queries 6 times faster than the SOAP interface.

	Further resources

	
	General:

http://www.w3.org/2002/ws/Activity
http://xml.coverpages.org/
http://www.internetnews.com/ent-news/article.php/3389111
http://news.com.com/Open-door+policies/2009-1017_3-966099.html
http://lists.w3.org/Archives/Public/www-ws-arch/2004Feb/0022.html
http://www.w3.org/2000/03/29-XML-protocol-matrix
XML:

http://xml.coverpages.org/sgml.html
SOAP:

http://www.schneier.com/crypto-gram-0202.html#2
WSDL:

http://www.pacificspirit.com/blog/2004/04/13/operation_names_in_wsdl_choices_choices_choices
REST:

http://www.xfront.com/REST-Web-Services.html
http://webservices.xml.com/pub/a/ws/2002/02/06/rest.html
REST and SOAP:

· http://www.oreillynet.com/pub/wlg/3005 

· http://www.onlamp.com/pub/a/php/2003/10/30/amazon_rest.html
Web Resource Description Language:

· http://www.prescod.net/rest/wrdl/wrdl.html
· http://www.mnot.net/blog/2003/12/07/webdesc
· http://www.mnot.net/blog/2004/04/14/rest_in_wsdl



	2. Web services architecture specifications

	
	Listed are some of the more prominent specifications.
Addressing:

Addressing is a method of identifying where to send messages intended for a given web service.
· Web Services Addressing (WS-Addressing, http://xml.coverpages.org/ws-Addressing.html, http://www.w3.org/Submission/ws-addressing/)
Discovery:

Discovery is the process of locating documents (typically WSDL) that describe a given web service.
· Universal Description, Discovery, and Integration (UDDI, http://xml.coverpages.org/uddi.html) 

· Web Services Inspection Language (WSIL, http://xml.coverpages.org/wsil.html) 

Asynchronous messaging:
Communication between at least two applications where messages, if the recipient is not immediately available to take delivery, are queued until the recipient is available.
· Web Services Reliable Messaging (WSRM, http://xml.coverpages.org/reliableMessaging.html)

· Electronic Business XML Initiative (ebXML, http://xml.coverpages.org/ebXML.html)
Synchronous messaging:
Communication between at least two applications where the recipient takes delivery immediate of messages, usually sending confirmation to the sender. Usually, if the recipient is not available to take delivery, the message fails.
· Extensible Messaging and Presence Protocol (XMPP, http://www.xmpp.org/)

Control (aka Choreography):

A standard is needed to coordinate the low level web services (e.g. authentication, forums, filing), to allow ready use of the high level services (e.g. use of a web services based portal). Several specifications are in development:
· Web Services Conversation Language (WSCL, http://xml.coverpages.org/wscl.html) 

· Web Service Choreography Interface (WSCI, http://www.w3.org/2002/ws/chor/) 

· Web Services Flow Language (WSFL, http://xml.coverpages.org/wsfl.html) 

Identification, authentication:
There are several efforts to provide a standard “single sign-on” (and other personal information management tasks) for web sites and web services:
· Shibboleth http://shibboleth.internet2.edu/
· Liberty ID-WSF  http://www.projectliberty.org/resources/index.php http://www.projectliberty.org/resources/whitepapers/Liberty_ID-WSF_Web_Services_Framework.pdf
· WS-Federation http://www-106.ibm.com/developerworks/library/ws-fedworld/
· Microsoft Passport http://www.microsoft.com/net/services/passport/business.asp
Syndication:
The leading formats for syndicating content on the web are RSS and Atom. Both are widely used, although Atom appears to be more flexible and able to accommodate future extensions.
· IETF Atom (http://www.intertwingly.net/wiki/pie/FrontPage http://www.ietf.org/html.charters/atompub-charter.html) 
· RSS (http://blogs.law.harvard.edu/tech/rss)
User interface:

Web services will need ways to interact with users - several specifications have been designed to fulfil this, either by representing the services as web pages, or through more complex interfaces than can be created with current web browser capabilities.
· Web Services User Interface (WSUI, http://xml.coverpages.org/wsui.html)
· Web Services for Remote Portals (WSRP, http://xml.coverpages.org/wsrp.html)
· Web Services Experience Language (WSXL, http://xml.coverpages.org/wsxl.html)
· Web Services for Interactive Applications (WSIA, http://xml.coverpages.org/wscm.html) 
· XML User Interface Language (XUL, http://www.mozilla.org/projects/xul/ - particularly relevant for applications intended for online and offline use)



	3. Specification profiles

	
	A profile is a named group of specifications at specific version levels, with conventions about how they work together. 
· IMS general web services. IMS is “defining Web Service technology standards to be used across all IMS specifications. It will include a base profile of core Web Service technologies as well as best practice guidance on issues such as Web Service security and routing”. (This is an unreleased work in progress http://www.imsproject.org/workinprogress.cfm)
· Web Services Interoperability Organization Basic Profile (http://www.ws-i.org/Profiles/BasicProfile-1.1-2004-08-24.html). This describes a standard way of using particular existing specifications (including SOAP, WSDL, UDDI, and XML Schema) for web services.

	DESIGN AND TECHNICAL CHARACTERISTICS

	Maturity

	
	Current specification versions:

IMS general web services: (unreleased)
WS-I Basic Profile: Version 1.1 2004-08-24

	Future development

	
	IMS general web services:

Public release
WS-I:
More profiles (e.g. Basic Security), use cases and scenarios, sample applications, testing tools.

	IMPLEMENTATION EFFECTIVENESS

	Implemented in

	
	IMS general web services:

Is referenced in IMS Enterprise Services Best Practice and Implementation Guide: http://www.imsglobal.org/es/esv1p0/imses_bestv1p0.html 
WS-I Basic Profile:

Implementation of Basic Profile applies to two areas:

1. Platform infrastructure and tools. Leading vendors are participating:
· Sun’s Java Web Services Developer Pack (WSDP) 1.4 http://java.sun.com/webservices/jwsdp/index.jsp
· IBM WebSphere SDK for Web Services (WSDK) Version 5.1: http://www-106.ibm.com/developerworks/webservices/wsdk/ 
· Microsoft Visual Studio .NET (http://msdn.microsoft.com/vstudio/) and the .NET Framework (http://msdn.microsoft.com/netframework/default.aspx)
2. Actual web services. Investigation of these implementations is beyond the scope of this report.

	Further resources

	
	General:

· http://www.ws-i.org/docs/WS-I_Profiles.doc
IMS general web services:

WS-I Basic Profile:

· http://www.eweek.com/article2/0,3959,1225685,00.asp
· http://www-106.ibm.com/developerworks/webservices/library/ws-basicprof.html
· http://searchwebservices.techtarget.com/originalContent/0,289142,sid26_gci920491,00.html
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