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Metadata and semantic annotations

− Semantic description models 

− Re-usable ontologies

− Resource description framework(s)

− Structured data, structured query

− However, interconnected and linked metadata is 
even better than stand-alone metadata!
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What is linked-data?

− “The term Linked Data was coined by Tim Berners-Lee in 
his Linked Data Web architecture note. 

− The term refers to a style of publishing and interlinking 
structured data on the Web. 

− The basic assumption behind Linked Data is that the value 
and usefulness of data increases the more if it is interlinked 
with other data. In summary, Linked Data is simply about 
using the Web to create typed links between data from 
different sources.

− The basic tenets of Linked Data are to:

− use the RDF data model to publish structured data on the Web 

− use RDF links to interlink data from different data sources” 

Source: How to Publish Linked Data on the Web (Tutorial), by Chris Bizer, Richard Cyganiak, Tom 
Heath (superseded by the Linked Data book, by Tom Heath and Christian Bizer)
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Example: Linked data
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How to publish linked-data on the Web?

− The principles in designing the linked data are 
defined as:

− using URI’s as names for things;

− using HTTP URI’s to enable people to look up those 
names;

− providing useful RDF information related to URI’s that 
are looked up by machine or people;

− including RDF statements that link to other URI’s to 
enable discovery of other related concepts of the Web of 
Data;
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Linked Open Data

Collectively, the 203 data sets consist of over 25 billion RDF triples, 

which are interlinked by around 395 million RDF links (September 

2010).
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Web Services
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Source: the economist
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Web Services Definition by W3C

− A Web service is a software application

− identified by a URI, 

− whose interfaces and binding are capable of being 
defined, described and discovered by XML 
artifacts and

− supports direct interactions with other software 
applications 

− using XML based messages 

− via internet-based protocols

source: Web Services Overview, Sang Shinn, javapassion.com
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Why Web Services?

− Interoperability – connect across heterogeneous networks using 
ubiquitous web-based standards

− Economic – reuse components, no installation and tight 
integration of software

− Automation – no human (or less human) intervention required 
even for highly complex transactions

− Accessibility – legacy assets & internal apps are exposed and 
accessible on the web

− Availability – services on any device, anywhere, anytime

− Scalability – extending the scope of applications

source: partially adapted from Web Services Overview, Sang Shinn, javapassion.com
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Web Services

− Web Services provide data and services to other 
applications.

− Thee applications access Web Services via standard Web 
Formats (HTTP, HTML, XML, and SOAP), with no need to 
know how the Web Service itself is implemented.

− You can imagine a web service like a remote procedure call 
(RPC) which  it returns a message in an XML format.
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Web Services

Service Requester

(Client)

Service Provider

Discovery 
Services

Publish

(registration)

Find

(discovery)

Interact

(delivery)

Service Description

Service Description

Web Application vs. Web Services

source: Web Services Overview, Sang Shinn, javapassion.com
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Web Services technologies
(SOAP-based services)

source: W3C.org

Web Services technologies

− Web Services use Simple Object Access Protocol (SOAP)

− SOAP is an XML-based way to invoke web services

− Web Services Description Language (WSDL) is an IDL for 
web services.

− Universal Description, Discovery, and Integration (UDDI) 
provides a registry technology for web services.

− You can imagine a web service like a remote procedure call 
(RPC) which returns a message in an XML format.

− The description of a service in a SOA is essentially a 
description of the messages that are exchanged. 
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What is an XML Web Service?

SOAP� Web Services’ consumers can send 
and receive messages in XML 

format.

WSDL
Web Services 

Description Language

� Web Services are defined in terms 
of the formats and ordering of 

messages.

UDDI
Universal Description, 
Design, and Integration

� Provide a Directory of Services on 
the Internet.

Engaging a Web Service

source: W3C.org
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Simple Object Access Protocol 

(SOAP)

− SOAP is an XML-based protocol for 
exchanging information in a distributed 
environment. 

− SOAP provides a common message 
format for exchanging data between 
clients and services. 

− The basic item of transmission in SOAP 
is a SOAP message, which consists of a 
mandatory SOAP envelope, an optional 
SOAP header, and a mandatory SOAP 
body. 

Service-Oriented Architecture and Web Services: Concepts, Technologies, and Tools,Ed Ort. java.sun.com

The SOAP Envelope

− The envelope specifies two things: an XML 
namespace and an encoding style. 

− The XML namespace specifies the names 
that can be used in the SOAP message. 

− Namespaces are designed to avoid name 
clashes.

− The same name can be used for different 
items, provided that the names are in 
different namespaces. 

− The encoding style identifies the data types 
recognized by the SOAP message. 

Service-Oriented Architecture and Web Services: Concepts, Technologies, and Tools, Ed Ort. java.sun.com
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The SOAP Message

− The SOAP header can be used to indicate some 
additional processing at an intermediate node, 
that is, processing independent of the processing 
done at the final destination.

− Typically, the SOAP header is used to convey 
security-related information to be processed by 
runtime components. 

− The body contains the main part of the SOAP 
message, that is, the part intended for the final 
recipient of the SOAP message. 

Service-Oriented Architecture and Web Services: Concepts, Technologies, and Tools,Ed Ort. java.sun.com

SOAP Architecture

− SOAP is an extensible XML framework

− SOAP defines:

− A standard XML framing mechanism that can be used 
with any transport 

− A standard representation for errors

− A standard processing model

− SOAP itself doesn't define:

− A standard metadata (type) system

Source: Aaron Skonnard, Pluralsight, http://pluralsight.com/aaron
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SOAP Framing

− SOAP framing allows extensibility

− Headers pushed into XML to decouple functionality 
from transport

<soap:Envelope

xmlns:soap="http://www.w3.org/2001/12/soap-envelope">

<soap:Header>

</soap:Header>

<soap:Body>

</soap:Body>

</soap:Envelope>

<!-- headers go here -->

<!-- payload go here -->

Headers 

define 

additional 

layers (WS-*)

Source: Aaron Skonnard, Pluralsight, http://pluralsight.com/aaron

Sample SOAP Message

source: W3C.org
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SOAP request/response

source: Introduction to SOAP, W3cSchools.com

What SOAP is Not

− Not a component model 

− So it will not replace objects and components.

− Not a programming language

− Not a solution for all

− So it will not replace other distributed computing 
technologies

source: Web Services Overview, Sang Shinn, javapassion.com
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Web Services Description 
Language (WSDL)

− WSDL is an XML-based language used to define 
web services.

− WSDL describes how to access the web services.

− WSDL is a suggestion by Ariba, IBM and Microsoft 
to describe services for the W3C XML Activity on 
XML Protocols.

Web Service Description Language 

(WSDL)

− WSDL defines an XML schema for describing a 
web service. 

− To uncover the description for a Web service, a 
client needs to find the service's WSDL 
document. 

− One way, perhaps the most typical way, to do 
this is for the client to find a pointer to the WSDL 
document in the web service's registration, which 
can be in a UDDI registry or an ebXML 
registry/repository. 

Service-Oriented Architecture and Web Services: Concepts, Technologies, and Tools, Ed Ort. java.sun.com
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What is WSDL?

− XML language for describing web services

− Web service is described as

− A set of communication endpoints (ports) 

− Endpoint is made of two parts

− Abstract definitions of operations and messages 

− Concrete binding to networking protocol (and 
corresponding endpoint address) and message format

− Why this separation?

− Enhance reusability (as we will see in UDDI reference to 
WSDL document)

source: Web Services Overview, Sang Shinn, javapassion.com

Why WSDL?

− Enables automation of communication details 
between communicating partners

− Machines can read WSDL

− Machines can invoke a service defined in WSDL

− Discoverable through registry 

− Arbitration

− 3rd party can verify if communication conforms to WSDL

source: Web Services Overview, Sang Shinn, javapassion.com
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Service and messages

29
Adapted from: Aaron Skonnard, Northface University, http://msdn.microsoft.com/en-us/library/ms996486.aspx

Operations Operations

The WSDL Document Structure

− A WSDL document describes a web service using 
these major elements:
− <portType> The operations performed by the web 
service 

− <message> The messages used by the web service 

− <types> The data types used by the web service 

− <binding> The communication protocols used by the 
web service 

source: W3C Schools, http://www.w3schools.com/



07/05/2015

16

The WSDL Document Structure

31
Source: Ethan Cerami, Web Services Essentials, Distributed Applications with XML-RPC, SOAP, UDDI & WSDL, Oreilly, 2002, 
http://oreilly.com/catalog/webservess/chapter/ch06.html

WSDL Example 

− A simplified fraction of a WSDL document:

<message name="getTermRequest">
<part name="term" type="xs:string"/>

</message>

<message name="getTermResponse">
<part name="value" type="xs:string"/>

</message>
<portType name="glossaryTerms">
<operation name="getTerm">

<input message="getTermRequest"/>
<output message="getTermResponse"/>

</operation>
</portType>

source: W3C Schools, http://www.w3schools.com/
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UDDI

− The Universal Description, Discovery, and 
Integration (UDDI) specifications define how to 
publish and discover information about services 
in a UDDI-conforming registry. 

− More specifically, the specifications define a UDDI 
schema and a UDDI API. 

− The UDDI schema identifies the types of XML 
data structures that comprise an entry in the 
registry for a service. 

Service-Oriented Architecture and Web Services: Concepts, Technologies, and Tools,Ed Ort. java.sun.com

UDDI

− Think of a UDDI registry as a "Yellow Pages" for 
web services. 

− Like the Yellow Pages directory for phone 
numbers.

− A UDDI registry provides information about a 
service such as the name of the service, a brief 
description of what it does, an address where the 
service can be accessed, and a description of the 
interface for accessing the service. 

Source: Service-Oriented Architecture and Web Services: Concepts, Technologies, and Tools,Ed Ort. java.sun.com
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RESTful services

− Representational State Transfer (REST) is an 
architectural style that makes information 
available as resources identified by URIs: 
applications communicate by exchanging 
representations of these resources using a 
transfer protocol such as HTTP.

− Resources are key to Web architecture: server-
controlled abstractions an application process 
makes available, identified via URIs. 

− Clients access these server controlled resources 
in a synchronous request–response fashion using 
methods such as GET, PUT, POST and DELETE.

35Bormann, C.; Castellani, A.P.; Shelby, Z., "CoAP: An Application Protocol for Billions of Tiny Internet Nodes," Internet Computing, IEEE , vol.16, 
no.2, pp.62,67, March-April 2012.

RESTful services

− REST is mainly used to build Web services that 
are lightweight, maintainable, and scalable. 

− A service based on REST is called a RESTful 
service. 

− REST is not dependent on any protocol, but 
almost every RESTful service uses HTTP as its 
underlying protocol.

− A RESTful service is stateless and does not 
maintain the application state for any client. An 
extra implementation is required to create a 
stateful service using HTTP.

36
Source: RESTful Web Services: A Tutorial, M. Vaqqas, September 23, 2014, 
http://www.drdobbs.com/web-development/restful-web-services-a-tutorial/240169069?pgno=1
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RESTful Web Servcies

− Exposing a system's resources through a RESTful API is 
a flexible way to provide different kinds of applications 
with data formatted in a standard way. 

− It helps to meet integration requirements that are 
critical to building systems where data can be easily 
combined (mashups) and to extend or build on a set of 
base , RESTful services into something much bigger.

37
Source: Alex Rodriguez, IBM, http://www.ibm.com/developerworks/library/ws-restful/

Services for mobile world

− In mobile environments the devices can take two 
key roles: 

− Service Provider

− Service Consumer

− To run and/or consume a service in mobile 
environments you need to consider: 

− Mobility and ubiquity issues

− Energy-consumption and power efficacy 

− Bandwidth and delay and in general QoS

− Reliability and Quality of Information

38
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Services for Tiny Devices

− The Constrained Application Protocol (CoAP)

− CoAP is a transfer protocol for constrained nodes 
and networks, such as those that will form the 
Internet of Things.

− CoAP uses the REST architectural style. 

− It is based on UDP.

− CoAP’s aim is to achieve its modest goals with 
considerably less complexity.

39Bormann, C.; Castellani, A.P.; Shelby, Z., "CoAP: An Application Protocol for Billions of Tiny Internet Nodes," Internet Computing, IEEE , vol.16, 
no.2, pp.62,67, March-April 2012.

IPV6 on constrained devices- 6LoWPAN

− The IETF has already undertaken much 
standardization work to make the packets flow. 
The IPv6 over Low-Power Wireless Area Networks

− (6LoWPAN)  standards (RFCs 4944 and 6282) 
now enable IPv6 even on very constrained 
networks — including the popular IEEE 802.15.4 
wireless standard, ISM (industrial, scientific, 
medical) band telemetry radios, and low-rate 
power-line communications (PLC), all while using 
very simple embedded microcontrollers.

40Bormann, C.; Castellani, A.P.; Shelby, Z., "CoAP: An Application Protocol for Billions of Tiny Internet Nodes," Internet Computing, IEEE , vol.16, 
no.2, pp.62,67, March-April 2012.
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CoAP

− A central element of CoAP’s reduced complexity 
is that, instead of TCP, it uses UDP and defines a 
very simple “message layer” for retransmitting 
lost packets.

− It is based on XML and its compact binary 
representation, EXI.

41Bormann, C.; Castellani, A.P.; Shelby, Z., "CoAP: An Application Protocol for Billions of Tiny Internet Nodes," Internet Computing, IEEE , vol.16, 
no.2, pp.62,67, March-April 2012.

HTTP and the Constrained Application 
Protocol (CoAP)

42Bormann, C.; Castellani, A.P.; Shelby, Z., "CoAP: An Application Protocol for Billions of Tiny Internet Nodes," Internet Computing, IEEE , vol.16, 
no.2, pp.62,67, March-April 2012.
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Further reading

− Bormann, C.; Castellani, A.P.; Shelby, Z., "CoAP: An 
Application Protocol for Billions of Tiny Internet Nodes," 
Internet Computing, IEEE , vol.16, no.2, pp.62,67, March-
April 2012.


