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What is “Web Services”?

• No universally accepted definition
• Essentially a standard mechanism to expose concrete or virtual 

service on the Web in a platform and language independent 
fashion

• Can be published, located, and invoked across the Web
• Might rely on comprehensive infrastructure to ensure quality 

attributes such as security, availability, and reliability. 

• There are 2-3 different camps: http-Query, http-REST and “real 
Web services”: WSDL/SOAP/UDDI.
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http-Query

• Basic http: all Web browsers can do it
• Uses a GET request; the url encodes key/value pairs and other 

parameters
• Or a POST request: parameters encoded in document
• Response payload can be XML

• You have all seen this before: e.g Common Gateway Interface 
(cgi-bin)

• This is also called “REST” (sometimes)
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http-REST

• “Representational State Transfer” principles
• client-server
• stateless interaction

• client-side cache
• uniform interface: resource identification with representation for 

server interaction , self-descriptive messages, hyperlinks for state
• layers and intermediary services
• code transfer to client

• Usually uses all the features of the http protocol (GET, HEAD, 
PUT, POST, DELETE..). Client interprets  response headers 
and response status codes according to prior agreement. 
Response body might be XML payload.
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Web Services - A W3C Definition

• “A Web service is a software system designed to support 
interoperable machine-to-machine interaction over a network. It 
has an interface described in a machine-processable format 
(specifically WSDL). Other systems interact with the Web 
service in a manner prescribed by its description using SOAP 
messages, typically conveyed using HTTP with an XML 
serialization in conjunction with other Web-related standards.”

- W3C, Web Service Architecture 

• specification, www.w3c.org

• However, in wider use, http-Query and REST architectures are 
also called web services. 

• And so are services on the web – banking, shopping, 
classifieds, e-government….
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Distributed Systems

• Prior middleware technologies for distributed systems:
• DCOM

• .NET Remoting
• CORBA
• EJB RMI

• Messaging (JMS, MSMQ)

• Problem:  Interoperability, Platform-dependency, Closed 
Systems

• The Web was open, standards based, highly interoperable and 
easy, making it appealing as a platform for distributed systems 
in 2001.

• Originally standardised through OASIS (Organization for the 
Advancement of Structured Information Standards) which had 
developed SGML (then XML). W3C is also active.
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Web Services - Characteristics

• Self-description and service encapsulation
• Loose-coupling
• Simplicity
• Interoperability in distributed environment
• Structured representation of functionality and inter-application 

messaging 
• Evolution not revolution

• Interfaces are based on Internet protocols such as HTTP, FTP, 
and SMTP.

• Except for binary data attachment, messages are in XML.
• Standard approach
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Semantic of Web Service

• Web service semantic is the agreed expectation of the 
behaviour of the service

• Communication is based on defined contracts between the 
service consumer and service provider regarding the purpose 
and effect of the interaction. 
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Web Service Architecture

XML Request
SOAP/HTTP
“bind”

Service BrokerService requester

UDDI query
“find”

UDDI register
“publish”

Internal Business  
Interface

Internal Business 
Logic

Web Services
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Web Services Basic Platform

XML

SOAP WSDL UDDI

Other standards and specifications

HTTP
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WSDL Elements (1.1) 

• Types – a container for data type definitions using some type 
system (such as XSD). 

• Message – an abstract, typed definition of the data being 
communicated. 

• Operation – an abstract description of an action supported by 
the service. 

• Port Type –an abstract set of operations supported by one or 
more endpoints. 

• Binding – a concrete protocol and data format specification for 
a particular port type. 

• Port – a single endpoint defined as a combination of a binding 
and a network address. 

• Service – a collection of related endpoints. 
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WSDL example

• RPC equivalent: TradePrice GetTradePrice(String TradeName)�

• WSDL root element:
<?xml version="1.0"?>
<definitions name="StockQuote"

targetNamespace="http://localhost/stockquote.wsdl"
xmlns:tns="http://localhost/stockquote.wsdl"
xmlns:xsd1="http://localhost/stockquote.xsd"
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/"
xmlns="http://schemas.xmlsoap.org/wsdl/">
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Messages

<message
name="GetLastTradePriceInput"> 

<part name="body" 
element="xsd1:TradePriceRequest"/>

</message>

<message
name="GetLastTradePriceOutput"> 
<part name="body" element="xsd1:TradePrice"/> 

</message> 
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WSDL - PortType

<portType name="StockQuotePortType">
<operation name="GetLastTradePrice">
<input message="tns:GetLastTradePriceInput"/>
<output message="tns:GetLastTradePriceOutput"/>

</operation>
</portType>
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WSDL Binding

• Defines message format and protocol details for operations and 
messages defined by a particular portType

• Multiple bindings are possible
• Support for 

• http GET and POST  (http Query)

• SOAP over SMTP
• SOAP RPC over http
• Multipart MIME over SOAP
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WSDL- Binding

<binding name="StockQuoteSoapBinding"
type="tns:StockQuotePortType">

<soap:binding style="document"
transport="http://schemas.xmlsoap.org/soap/http"/>
<operation name="GetLastTradePrice">
<soap:operation
soapAction="http://localhost/GetLastTradePrice"/>
<input>

<soap:body use="literal" 
namespace="http://localhost/stockquote.xsd"
encodingStyle=

"http://schemas.xmlsoap.org/soap/encoding/"/>
</input>
<output>

<soap:body use="literal"/> 
</output> 

</operation> 
</binding> 
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WSDL - Service

<service name="StockQuoteService">
<port name="StockQuotePort"           

binding="tns:StockQuoteBinding"> 
<soap:address
location="http://localhost/stockquote"/>

</port>
</service>
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WSDL 2.0

• Repackages the elements
• types – kinds of messages that the service will send and receive.
• interface - what abstract functionality the Web service provides.

• binding - how to access the service.
• service - where to access the service.

Adds message exchange patterns (MEP)
• MEPs identify placeholders for messages, associated with 

specific message types when an operation is defined. MEPs
also abstract out binding-specific information like timing 
between messages, whether the pattern is synchronous or 
asynchronous, and whether the messages are sent over a 
single or multiple channels. 

• Standard patterns including in-only, robust in-only, in-out, out-
only
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Simple Object Access Protocol: SOAP

• SOAP defines a uniform way of passing XML-encoded data. 
• Perform message exchange using communication protocol 

such as HTTP and SMTP etc.
• Sending messages as plain XML.
• W3C specification: http://www.w3.org/TR/soap/
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SOAP Implementations

• Relatively easy to implement the lightweight protocol to 
exchange structured information

• SOAP processing:
• Apache Axis. 

• Sun ONE initiative
• .Net Web Services
• IBM Web Services Development Environment
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SOAP example-Request message

Header: 
POST /StockQuote HTTP/1.1 
Host: www.stockquoteserver.com
Content-Type: text/xml; charset="utf-8"
Content-Length: xxx 
SOAPAction: "Some-URI"
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SOAP example - Request message

• SOAP Envelope
<SOAP-ENV:Envelope

xmlns:SOAPENV=
"http://schemas.xmlsoap.org/soap/envelope/" 

SOAPENV:encodingStyle=
"http://schemas.xmlsoap.org/soap/encoding/"> 

<SOAP-ENV:Body>
<m:GetLastTradePrice

xmlns:m="Some-URI">
<symbol>IBM</symbol>

</m:GetLastTradePrice>     
</SOAP-ENV:Body>

</SOAP-ENV:Envelope>
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SOAP example-Response message

SOAP response:
HTTP/1.1 200 OK Content-Type: text/xml; charset="utf-8"
Content-Length: nnnn
<SOAP-ENV:Envelope

xmlns:SOAP-ENV=
"http://schemas.xmlsoap.org/soap/envelope/"

SOAP-ENV:encodingStyle="..."/>   
<SOAP-ENV:Body>

<m:GetLastTradePriceResponse
xmlns:m="Some-URI">
<Price>14.5</Price>

</m:GetLastTradePriceResponse>
</SOAP-ENV:Body>
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Universal Description, Discovery and 
Integration (UDDI)

• A mechanism to register and find web services. 
• A UDDI registry is similar to a CORBA trader, or DNS service 

for business applications (includes “white pages” , “yellow 
pages” and “green pages” parts). 

• Uses SOAP and WSDL
• OASIS specification:  http://uddi.xml.org/
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UDDI example - Query

• UDDI Query: 
<find_business generic="1.0 xmlns="urn:uddi-org:api">

<name>DCS</name>
</find_business>
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UDDI example - Response

UDDI Response: 
<businessList generic="1.0"  operator="DCS"  truncated="false"

xmlns="urn:uddi-org:api">
<businessInfos>   

<businessInfo businessKey=
"EA503462-B2DB-2KDE-EFGH">

<name>DCS</name>
<description xml:lang="en"> what service you provide 

</description>
<serviceInfos>

<serviceInfo businessKey="..."         serviceKey="...">
<name>Web services for smart searching</name>

</serviceInfo>
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Web Services - Advantages

� Exposing the capabilities on network
� Facilitating application integration (EAI, B2B)��
� Easy to implement, low cost, rapid application development
� Interoperability, Loose coupling, Reusability
� Platform Independent (but the tools may not be)
� Standard approach
� Support for other communication protocols (FTP)��
� Business mode



CSIRO ANU Computer Science: Web Services 14 October  2009

Web Service –examples

� Weather Report
� Stock
� Currency
� Travel Booking
� Flight Information
� Water Resource
� Weather prediction model
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Beyond basic

• Security
• Privacy
• Trust
• Policy and service restriction
• Reliability
• Correctness, transaction
• ...  (expanding and evolving)�



CSIRO ANU Computer Science: Web Services 14 October  2009

WS-Standards

Messaging

Security

Business Processes Management

WS-Notification

Reliability

Reliable 
Messaging

Security

Secure  conversation

Federation

Description and Discovery

Metadata ExchangeWSDL-S UDDI PolicyWSDL

Transaction

Coordination

Business Activity

Trust

Distributed ManagementManageabilityBPEL

Security Policy

SOAP WS-AttachmentWS-Addressing

Privacy

Authorisation Atomic Transaction
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ebXML (OASIS standards)

• Built around XML, SOAP, HTTP, and SMTP
• A relatively small and stable set of specifications 
• Message Transportation (SOAP, XML)�
• Description and discovery (ebXML registry)�
• Core:

• Business Registry: 
• Registry Information Model(ebRIM)
• Registry Services Specification (ebRS)

• Business Processes & Collaboration: 
• Business Process Specification Schema(ebBPSS)
• Collaboration-Protocol Profile and Agreement Specification 

(ebCPPA)

• Messaging: 
• Message Services Specification (ebMS)
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ebXML Registry

• Support a wide variety of data, more like a database
• Management Interface

• Lifecycle Management Interface

• Query Management Interface 
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ebXML - Important concepts

• Collaboration Protocol Profile (CPP): 
• Collaboration Protocol Agreement (CPA): 
• Business Process Specification Schema (BPSS): 
• Core Component(CC)�
• Message Services Specification(ebMS)�
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ebXML Functional Phases

• Implementation Phase
• Discovery and Retrieval Phase
• Runtime Phase
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Web Services vs ebXML

• ebXML
• Arose from EDI (Electronic Document Interchange)
• Self-contained, small set of specifications

• Relatively stable
• Focus on business and its process
• Strength in security and reliability

• Web Services
• Loosely-coupled specifications independent of each other
• Still evolving

• More flexible solution
• Tools and vendor support
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SOA – OASIS description

• “A paradigm for organizing and utilizing distributed 
capabilities that may be under the control of different 
ownership domains. It provides a uniform means to 
offer, discover, interact with and use capabilities to 
produce desired effects consistent with measurable 
preconditions and expectations.”

• -- OASIS SOA, http://www.oasis-
open.org/committees/tc_home.php?wg_abbrev=soa-
rm
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SOA/SOC – Design Principles

• Reusability
• Modularity, granularity and composability,  
• Interoperability
• Compliance to standards
• Services identification and categorization 
• Service provisioning and delivery
• Service monitoring and tracking
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SOA/SOC Principles

• Basic
• Interoperability
• Reusability
• Autonomy
• Abstraction and Loose Coupling

• More Advanced:
• Separation of Concerns
• Discoverability
• Composability
• Compliance to Standards
• Service monitoring and tracking

• Nowadays, “Service Oriented Architecture” or “Service Oriented 
Computing” is usually synonymous with “Web Services”, 
although earlier the former were architectural styles which 
could be implemented via the latter technologies.
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SOA –Benefits

• Platform independence
• Rapid development, deployment, and maintenance
• Reuse existing software  and investments
• Simplicity
• Consistent infrastructure
• Reduced cost
• Process-centric architecture 
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An OGC-based  Exemplar

OGC WFS
Feature Data 
(time series)

OGC Sensor Observation Service

OGC WFS 
Sensor Stations

Flood Simulation Model 
over Time Series

What is the simulated flow 
downstream of “Upper Mossman 
Autostation” and “Wesley Vale”?

Who is the custodian for “Upper 
Mossman”

Different Structure

Different Structure
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Service-oriented Architecture(SOA)

• An architectural style to achieve loose coupling among 
interacting systems. 

• A collection of many services in the network with data 
exchange and service coordination. 

• Can be implemented using DCOM, CORBA, RMI or Web 
Services .
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Now

• Web services are widely used.
• Embedded in development tools– the developer 

barely needs to know.
• But still often language-dependent (e.g. for 

representation of native types).
• Often as the API for otherwise closed enterprise 

systems.
• Many unsolved problems around management, 

availability, interoperability, discovery, security, 
reliability, transactional properties, composition….

• Move to harmonise SOA and EDA (event driven 
architectures)
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Standards still emerging

• Five Web Services Drafts Updated
• 2009-09-24: The Web Services Resource Access Working Group 

published updates to five Working Drafts: Web Services Enumeration 
(WS-Enumeration), Web Services Eventing (WS-Eventing), Web 
Services Resource Transfer (WS-RT), Web Services Transfer (WS-
Transfer), and Web Services Metadata Exchange (WS-
MetadataExchange). The first describes a general SOAP-based 
protocol for enumerating a sequence of XML elements that is suitable 
for traversing logs, message queues, or other linear information
models. The second describes a protocol that allows Web services to 
subscribe to or accept subscriptions for event notification. The third 
defines extensions to WS-Transfer that deal primarily with fragment-
based access to resources to satisfy the common requirements of WS-
ResourceFramework and WS-Management. The fourth describes a 
general SOAP-based protocol for accessing XML representations of 
Web service-based resources. The fifth defines how metadata 
associated with a Web service endpoint can be represented as 
resources, how metadata can be embedded in endpoint references, 
and how metadata could be retrieved from a Web service endpoint.
http://www.w3.org/News/2009#item169
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Cloud Computing

• “Everything is there – just use it!” (definition attributed to me!)
• Classic case is Amazon’s pay-for-use infrastructure available 

as HTTP-Query, REST or SOAP services
• S3: file storage

• EC2: computing time
• SQS: messaging
• FPS: payment

• SimpleDB: database store and query

• Scalable, reliable, and low startup cost
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Trust & Security will remain difficult

Diffie in CACM, Jan 2008
“What will happen in the next half century?...

• Fundamental is the growth of Web services…only Google’s 
good practices and reputation guarantee .. Much sooner 
than the next half century, Web services will have destroyed 
locality in computing. No significant corporate computation 
will take place on any organization’s machines…. When this 
happens, what we call secure computation today-you did it 
on your own computer and protected it adequately-may be 
gone forever.”

• “The main mechanism of information security will be 
contractual.”
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Semantic Web Services

• Web service ontologies
• (competing proposals were rejected by W3C)

• SAWSDL (Semantic Annotations for WSDL and XML Schema )
• W3C Recommendation 2007
• annotate operations, types, faults with terms from an ontology

• CSIRO research:
• Use semantics to mediate interoperability amongst s ervices and 

support composition
• Use a formal ontology and DL reasoning over a common language (metadata) 

plus Horn clause reasoning over service mappings plus database semantics in 
the schema and relational algebra, plus state and process semantics for WS 
invocation

• To generate optimised  executable workflows, including
• Generate the inter-service mediation steps (e.g. database semijoins,  data 

translation and standardisation steps, REST to SOAP invocation styles, Database 
to Web Service input, etc)

• The opportunity arising from well-described data and process 
semantics in service components  – is that anyone can do it 
themselves . 

• Remove the middle man and share with others for value-add and service 
businesses
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Semantic Service Architectures
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SOA Practices

• http://www-306.ibm.com/software/solutions/soa/
• http://msdn2.microsoft.com/en-us/architecture/aa948857.aspx
• http://www.oracle.com/technologies/soa/index.html
• http://www.soa.com/
• http://enterprise.netbeans.org/soa/
• http://www.soa.com/
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More Resources 

• www.w3c.org
• www.webservices.org
• www.ebxml.org
• java.sun.com/webservices/
• www.microsoft.com
• http://www-128.ibm.com/developerworks/webservices
• www.developer.com
• dev2dev.bea.com
• www.oracle.com/technologies/soa/index.html
• enterprise.netbeans.org/soa/

• Murty, “Programming Amazon Web Services” O’Reilly 2008
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