
CHAPTER 1 

OVERVIEW OF WEB SERVICES 
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OBJECTIVES 

After completing “Overview of Web Services,” you will be able to: 

 Describe some of the main motivations for building web 
services. 

 Describe the characteristics of a service-oriented 
architecture. 

 Contrast web services and service-oriented architectures to 
traditional web applications and distributed-object-
computing systems. 

 Explain how SOAP, WSDL, and UDDI address many of the 
major requirements of a web-services architecture at the 
wire, description, and discovery levels. 

 Describe REST as an alternative approach to SOAP/WSDL. 

 Make informed decisions about your own web-services plans: 

 Whether to use SOAP or  REST 

 Whether to incorporate metadata based on WSDL and XML Schema 

 Whether to publish services in registries for client discovery 

 Describe the importance of the WS-I Basic Profile. 
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What is a Web Service? 

 Let’s begin at the beginning: what is a web service, exactly? 

 Even after many years of development of the technology, there 
really is no single, authoritative definition of the term! 

 It’s maybe more a case of “you know it when you see it,” but 
there is certainly strong consensus on the basic idea, and here’s 
a stab at defining it: 

A web service is a piece of software that provides some useful 
functionality by a programmatic interface that is available 
via the standard protocols of the World Wide Web. 

 Let’s break that down: 

 It’s software and it’s useful –okay, but that’s not really the key. 

 It exposes a programmatic interface – not a user interface. 

 It uses web protocols and languages: specifically we’ll focus on 
HTTP and XML. 

 It’s the latter two points that distinguish a web service from 
other major categories of software component. 

 We’ll see this more clearly later in the chapter, but let’s also try 
to understand web services another way: by looking at the types 
of problems they are being used to solve. 
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Networking XML Components 

 One style of web service comprises components that do XML 
processing already, and have been networked: 

 

 Often there’s been an evolution, from a single-process, single-
host application that processes XML files in some way, to a 
distributed application that uses the leverage of the existing 
XML-processing logic to share information over the network. 

 This may be web services at their simplest: we’re simply using 
HTTP to transmit and receive whole XML documents that 
would have been shared on a file system, emailed, etc. 

 The line between web services and FTP systems may even be 
blurry: is an FTP-enabled application that produces or consumes 
XML files really a web service in the rough? 
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Sharing Business Information 

 Many web services introduce XML into an application for the 
first time, providing a means of sharing information that lives 
in a database or non-XML file system. 

 

 HTTP and XML offer a means of passing information over the 
boundaries created by disparate programming languages and 
software platforms. 

 Search engines, stock quotes, and online directory services are 
examples of this style of service. 

 Web services are also cropping up as replacements for business-
forms exchange systems such as EDI and RosettaNet – and 
those systems have begun to adopt XML themselves. 
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Integrating Business Processes 

 It’s a short hop from sharing data to invoking functions. 

 This is perhaps the most literal meaning of the term “web 
services:” companies provide business services over the web. 

 

 Again, HTTP and XML are bridging the gap between 
programming languages and platforms, and now we’re looking 
at rich interactions between otherwise disparate behavioral 
systems. 

 These services could be anything from calculating a loan rate to 
buying a book, from submitting a grant proposal to procuring 
auto parts. 

 The switch from XML to SOAP in the diagram above doesn’t 
mean we suddenly have to use SOAP, by the way; but a service 
of this nature is much more likely to use SOAP than simple 
XML. 
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Integrating Business Processes 

 Once we’re on this plateau, it’s also possible to federate these 
services: so that procurement process might involve the 
orchestration of several sub-processes such as inventory and 
supply-chain search, shipping, funds transfer, etc. 

 Using web protocols for middle-tier services also helps 
companies to keep their business-to-business and business-to-
consumer systems in better alignment. 

 Indeed, the web application that lets a patient make an 
appointment may have become just one more client of the web 
service that carries out the task: 
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Earlier  Approaches 

 Two dominant forms of distributed software both precede and 
inform the consensus web services architecture. 

 The web application emerged many years ago as a great way 
to expose business information and logic to customers. 

 That sounds familiar!  In fact, it’s just the “customers” part that 
breaks away from our understanding of web services so far: web 
services are aiding programmatic clients, not interactive users. 

 Distributed object computing, or DOC, was a fashionable 
term for an extension of object-oriented practices to 
distributed systems, so that an object could remotely invoke 
other objects. 

 Thus the benefits of OO – encapsulation and polymorphism 
especially – could be enjoyed by distributed systems. 

 CORBA, DCOM, RMI, EJB, and .NET are all DOC systems. 

 There’s something in common with web services here, too: DOC 
systems share data and behavior with other software components. 

 But DOC platforms use binary wire protocols, such as IIOP or the 
native RMI transport. 

 They impose significant constraints on the programming model, 
starting with the choice of a specific programming language.  
(CORBA was one ambitious exception.) 

 This has resulted, for the most part, in the deployment of tightly-
coupled systems – that is, systems of components that are highly 
interdependent and don’t do well outside their presupposed 
boundaries. 
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What is a Web Service,  Again? 

 Let’s review that suggested definition again: 
A web service is a piece of software that provides some useful 
functionality by a programmatic interface that is available 
via the standard protocols of the World Wide Web. 

 A web service should address a new class of software problems 
in a new way: 

 Though it uses HTTP, it is not a web application: it’s intended for 
programmatic clients, who will benefit from the structure and 
malleability of XML. 

 It can be seen as a software component, even to some extent an 
object in the DOC sense, with a business interface of discrete 
operations; but it uses a lightweight, text-based wire format, and 
imposes no restrictions on the programming model. 

 In subtle and not-so-subtle ways, this fosters the development 
of loosely-coupled systems: 

 

 Often, the nodes of the loosely-coupled systems are individual 
tightly-coupled systems: a Java EE application, a .NET system, 
perhaps a C-language legacy system. 
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Service-Oriented Architecture 

 Now we get a little more adventurous and consider the 
implications of a service-oriented architecture, or SOA. 

 We’ve discussed the prospect of web services being federated to 
form “super-services” such as procurement or  healthcare 
referral. 

 Take this to its logical conclusion: we can re-envision enterprise 
software as a battery of services. 

 

 The outside world interacts with our enterprise entirely through 
services, and our services can get leverage from other services in or 
out of our domain. 
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Service-Oriented Architecture 

 As far as we’ve seen it, this may look like an OO or DOC 
architecture, but a SOA is fundamentally different: 

 DOC components  encapsulate state and behavior, in the OO 
tradition; SOA services are stateless. 

 DOC components tend to interact closely with each other and may 
expose accessor and mutator methods (“getters and setters”) for 
individual state elements; SOA operations represent entire 
complex processes and thus are relatively coarse-grained. 

 DOC systems are often tightly-coupled; SOAs are loosely-
coupled.  For example SOA services don’t trade object references 
in the traditional sense – don’t keep ‘em, don’t give ‘em, don’t take 
‘em. 

 These attributes help to make a SOA more scalable, 
maintainable, and reconfigurable. 

 SOA doesn’t have to mean web services, by the way: we can 
realize a SOA using stateless session beans, and many of the 
thoughts about SOAs – stateless, coarse-grained, scalable – 
have been thought before. 

 SOAs also don’t swear off security, distributed transactions, 
and so forth: to smoothly federate services we need all these 
things, and this is the frontier of SOA (and web-service) 
standardization right now. 
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HTTP 

 The Hypertext Transfer Protocol, or HTTP, is the means by 
which HTML pages and other resources are requested and 
retrieved on the web. 

 It is a text-based protocol most typically carried over TCP/IP. 

 It uses a simple system of status code, message header, and 
optional message body. 

 HTTP has been overloaded and overtaxed for many a year to allow 
the web to deliver all the fancy things that have been expected of it.  
It has proven itself to be up to the task, largely thanks to its 
extensible header  system. 

 HTTP, while limited semantically, is ubiquitous, and also 
(almost) universally trusted to enter and leave a corporate or 
other security domain by passing through its firewall. 

 Web services are not explicitly founded on HTTP. 

 SOAP or XML messages can travel by other means. 

 Still, HTTP is the dominant protocol – it is the de facto 
standard for synchronous, request/response services. 

 As we’ll see later in the chapter, it does enjoy standard status at 
one level, as it’s required by the WS-I Basic Profile. 

 For asynchronous messaging, there are fewer standards and 
profiles, but integrations between message-queue systems and 
SOAP are increasingly popular as well. 
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XML 

 The eXtensible Markup Language, or XML, is a text-based 
language that allows data of arbitrary shape, size, and 
complexity to be expressed and described in embedded 
markup. 

 XML is somewhat similar in grammar and style to HTML, but is 
far more structured, precise in its descriptive capabilities, and 
better suited for data rendition than graphical presentation. 

 It allows information that might otherwise be stored and 
transmitted in binary forms – such as relational databases and 
specific wire formats – to be encoded entirely in text, without loss 
of data, precision, or metadata. 

 The ability to encode complex data structures in pure text 
opens the door to web services, as the basic idea is to pass such 
structures over web protocols like HTTP. 

 XML isn’t really mandatory for web services, either! 

 Most web services use SOAP, which is an XML vocabulary. 

 A competing approach, called REST, uses XML directly. 

 But some things that can fairly be called web services grow out of 
Ajax-style development, and use JavaScript Object Notation 
(JSON), or other formats. 

 A related standard, XML Schema, is a de facto standard for XML 
metadata, and is also part of the WS-I Basic Profile. 
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Web Services Architecture 

 The key promise of web services is that they will be 
interoperable between different implementation languages 
and platforms. 

 The industry has addressed the problem of interoperability first 
by analysis, then by consensus, and finally by specification. 

 The seminal analysis came in a paper entitled, “Web Services 
Framework,” jointly developed by IBM and Microsoft.  This paper 
advanced the idea of interoperability stacks – definitions of the 
requisite features for interoperable services. 

 Consensus formed around languages and protocols that met these 
responsibilities: SOAP, WSDL, and UDDI. 

 Finally, a single standard emerged that unified these (and a few 
others) into a practical definition – this is the WS-I Basic Profile. 

 Note that there is not, even under WS-I, one contract which a 
component must observe to be considered a “real” web service. 

 Rather, there are ascending levels of sophistication that a given 
service may implement. 

 Hence the original idea of “stacks.” 

 Even now, the WS-I doesn’t say “you must do X,” but rather, “if 
you do X, you must do it by certain rules – then we can all do X 
together!” 
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Interoperability Stacks 

 The web services interoperability stacks are defined as follows, 
in ascending order of technical sophistication:  wire, 
description, and discovery. 

 We arrange them from the bottom up on this page, to emphasize 
the theory of ascending from one to the next in technical 
sophistication. 

 

 The consensus (and WS-I Basic) solutions are attached to various 
requisite features – note that some features are not currently 
addressed. 

 Interoperability is an evolving concept! 
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Interoperability Stacks 

 Working now from the most basic needs to the more 
adventurous features, here’s how the industry has (mostly) 
agreed to solve the interoperability problem: 

 The basic capability to pass messages – called out in the wire stack 
– relies on SOAP, which is an XML vocabulary, passing over HTTP. 

 Defining and consuming metadata about services – the 
description stack – we manage using WSDL, which in turn 
aggregates XML Schema. 

 It is this ability to define type models and messaging scenarios that 
takes web services to the DOC level, as we can start to understand 
services as something akin to distributed objects with interfaces. 

 The description stack deals with how to find a service so one can 
use it, based on the service being published somehow.  This is 
where we find UDDI, although there are significant competing 
models as well, including ebXML. 

 We’ll reconsider the web services architecture as a stack of 
standards at the end of the chapter, and see that it has grown 
beyond the scope envisioned in this original whitepaper. 
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Decisions, Decisions ... 

 It’s not nearly enough to say you’re going to build a web service. 

 There are many choices to make that will define what sort of 
web service you want to offer – multiple dimensions to the 
problem, and ascending levels of features you might want to 
support. 

 We’ll summarize these choices now; discuss some of them in 
this chapter, and some in later chapters; and some are 
ultimately beyond the scope of this course. 

 First off, there are at least two major schools of thought 
regarding the basic structure of web services: call them SOAP 
and REST. 

 We’ll consider this significant architectural choice in a moment. 

 You will probably want to define metadata for your services – 
this is the description stack mentioned earlier and is usually 
done with WSDL and XML Schema.  Design choices that may 
confront you include: 

 RPC-style vs. document-style services (though this dichotomy 
has a formal meaning only for SOAP, not for REST). 

 Operation modes, such as synchronous  request/response vs. 
one-way “fire and forget” interactions. 

 Whether your service will transfer binary content, and if so, how.  
XML doesn’t excel at this on its own, but there are ways. 

 Integrating your messaging model with other XML models you 
may already have in play. 
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Decisions, Decisions ... 

 You may want to publish your services so that clients can 
discover them in service registries. 

 This is the discovery stack we discussed earlier, and UDDI is still a 
leading candidate here. 

 It rolls up various sorts of service-location capabilities traditionally 
known as naming and trading services, allowing clients to 
bootstrap their connections to required services at runtime. 

 Many services are never published in the UDDI sense; their 
locations are given out by more pedestrian means such as HTML 
documentation, email, etc. 

 Full enterprise commitment to SOA usually indicates that 
services will be federated and complex workflows orchestrated 
to synchronize with formal business contracts. 

 A leading standard here is Business Process Execution 
Language, or BPEL. 

 BPEL relies on WSDL for description of individual services but 
then builds a bigger picture that describes business-process 
workflows, outcomes, and fallbacks. 

 Message and service security are obvious concerns for some 
enterprises, and we’ll discuss those at the end of the chapter. 

 Transactions, anyone?  Routing, addressing?  Reliability and 
quality-of-service claims?  The sky’s the limit, but we’ll leave off 
here (and drift back down to earth). 
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SOAP 

 The most agreed-upon piece of the dominant web services 
architecture is the Simple Object Access Protocol, or SOAP, 
to exchange messages. 

 SOAP was developed by Microsoft, IBM and others, then 
handed to the W3C for continued development. 

 SOAP 1.1 is in most common use as of this writing and is a W3C 
note. 

 The W3C has produced a full recommendation for SOAP 1.2, and 
many tools support its optional use. 

 The versions are not interchangeable, even though many 
messages would look the same under both. 

 A separate specification (at 1.1 and 1.2 levels) defines an enhanced 
protocol known as “SOAP With Attachments” – this allows some 
message information to be transmitted as MIME parts, and this 
capability is generally assumed when one uses the term “SOAP.” 

 Though it was originally conceived as a means of XML-
encoding remote procedure calls (RPCs), SOAP can be used in 
several styles of web service: 

 RPC-style services do just that: they encode what are essentially 
method invocations and responses in XML, and send that XML in 
messages between software components. 

 Document-style services transfer XML information, of arbitrary 
form, and may or may not be invoking specific behaviors when 
they send messages back and forth. 
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WSDL 

 The Web Services Description Language, or WSDL, is 
designed to provide basic metadata about web services. 

 Like SOAP 1.1, WSDL 1.1 is a W3C note. 

 As of this writing the W3C has recently recommended WSDL 2.0. 

 But it is not widely implemented and not yet adopted as part of the 
WS-I Basic  Profile. 

 WSDL is an XML vocabulary with its own XML Schema. 

 It allows services to be defined as collections of ports, each of 
which is of a specific port type. 

 Port types then comprise operations, which in turn map to 
message types for input and output.   

 Operations are much like methods in a programming language, 
with parameters for invocation, and return types. 

 Operations also define basic message flow, according to one of four 
operation modes, the most common of which is request-
response. 

 Armed with a WSDL description, a developer can implement 
clients or services with confidence that other participants will 
operate correctly, understanding the messages that are 
exchanged and knowing how and when to exchange them. 
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WSDL Bindings 

 WSDL lets the descriptor define an abstract model and then 
map that to a specific protocol for a specific service port, 
through a mechanism known as a binding. 

 Bindings allow service descriptions to be mapped to “SOAP 
over HTTP” or to some other protocol entirely. 

 The WSDL specification includes the SOAP binding and also 
bindings for HTTP and MIME, which are typically used 
together. 

 This means that WSDL supports REST as well as SOAP. 

 Indeed, REST proponents don’t have much quarrel with WSDL; 
it’s SOAP that draws their ire. 

 Other bindings are possible as well, through an extensibility 
mechanism defined in the primary WSDL model. 

 A WSDL abstract model could be meaningfully bound to CORBA’s 
IIOP, to Java RMI, or to any other messaging scheme. 

 Custom bindings are not all that common, but the most common 
are extensions of SOAP/HTTP that add information about higher-
level features of a given messaging system. 
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The SOAP Vision 

 A SOAP service presents a single “front door” to the outside 
world, which is its service URI. 

 This is known in WSDL as a port with a SOAP address. 

 

 HTTP POSTs carry SOAP requests as body content, and SOAP 
responses form the bodies of HTTP responses. 

 The SOAP request identifies data records or other resources that 
are of interest. 

 The service then carries out the requested work, finding needed 
resources, records, utilities, etc., and assembling a response. 

 SOAP wraps ordinary XML, and in so doing adds a system of 
extensible headers to compose a message. 

 This is one of the primary value-adds of using SOAP. 

Service 
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Service 

/MyService/Port1 

/MyService/Port2 
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Tools 

 Our primary tools for hands-on exercises in web services are: 

 The  Java SE 6 developer’s kit 

 A Java EE 6 web server – this is Tomcat 7 

 JAX-RS and JAX-WS reference implementations 

 Tools for XML and web-service type mapping: these are known as 
xjc, schemagen, wsimport, and wsgen, as part of JAX-WS 

 The Ant build utility 

 These tools should all be installed on your system; for a 
standard installation of the course tools and software, locations 
would be: 

c:\Java6 
c:\Capstone\Tools\Ant1.6 
c:\Capstone\Tools\JAX-RS1.1 
c:\Capstone\Tools\JAX-WS2.2 
c:\Capstone\Tools\Tomcat7.0 
 

 A batch file is provided that will set a few required environment 
variables for you – see 
c:\Capstone\JavaWS_T\Admin\SetEnvironment.bat: 

set CC_MODULE=%~dp0.. 
set JAVA_HOME=c:\Java7 
set CATALINA_HOME= 
set DERBY_HOME=%CC_MODULE%\..\Tools\Derby10.6 
PATH="%JAVA_HOME%\bin"; 
  "%CC_MODULE%\..\Tools\Ant1.6\bin"; 
  c:\Windows\System32;%~dp0 
 

 Edit this file now if necessary – for example if your JDK is 
installed somewhere other than c:\Java7. 
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Environment 

 Open a command console now, set working directory to 
c:\Capstone\JavaWS_T\Admin, and run 

SetEnvironment 
DoEverything 
 

 This will  

 Set the environment as shown above (or as per your edits) 

 Copy necessary JARs into Tomcat’s library directory 

 Start the Tomcat server 

 Leave your original console ready to build and test course exercises 

 Notice that the Admin directory winds up in the executable 
path. 

 Therefore, from this point forward, you’ll be able to control the 
server from the command line, by the following commands: 

StartTomcat 
StopTomcat 
 

 But for the most part this won’t be necessary; you can just leave 
the server running. 

 Leave the Tomcat console visible, because it confirms each 
undeploy and deploy operation, and sometimes shows exception 
stack traces and other logging output. 

 You may also need to check a server log file from time to time: 
c:/Capstone/Tools/Tomcat7.0/logs/localhost.date.log 
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SOAP/WSDL Services: Directory Structure 

 Many exercises in this course comprise a web-service project, a 
client project, and example SOAP messages. 

 The typical file structure is shown below: 
<root> (e.g. Examples/Math/WSDLToJava/Step1) 
  Client 
    build.properties 
    build.xml 
    run.bat 
    src 
      (Java packages and source here) 
  Service 
    build.properties 
    build.xml 
    doc (with generated javadoc from the src tree) 
    docroot 
      WEB-INF 
        sun-jaxrs.xml 
        web.xml 
    src 
      (Java packages and source here) 
    test.bat 
  SOAP 
    (Example requests and responses here) 
 

 Services compile, assemble, and deploy to the application 
server with the command ant. 

 Each carries a prepared test.bat script. 

 The same command from a Client directory will simply 
compile the standalone (Java SE) application. 
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A SOAP/WSDL Service 

 In Examples/Ellipsoid/WSDLToJava is a very simple service 
that classifies a 3-D ellipsoid as a 

 Sphere, where all dimensions are equal 

 Oblate spheroid, where two are equal longer than the third 

 Prolate spheroid, where two are equal and shorter than the third 

 Tri-axial ellipsoid, where all three are unequal 

 A WSDL descriptor lays out the service model – see 
Service/docroot/WEB-INF/wsdl/Ellipsoid.wsdl: 

  <message name="ThreeDimensions"> 
    <part name="a" type="xs:double" /> 
    <part name="b" type="xs:double" /> 
    <part name="c" type="xs:double" /> 
  </message> 
   
  <message name="Classification" > 
    <part name="result" type="xs:string" /> 
  </message> 
   
  <portType name="EllipsoidUtility"> 
    <operation name="classify"  
               parameterOrder="a b c"  > 
      <input message="math:ThreeDimensions" /> 
      <output message="math:Classification" /> 
    </operation> 
  </portType> 
... 
  <service name="Classify" > 
    <port name="EllipsoidUtility" ... > 
      <soap:address location="..." > 
    </port> 
  </service> 

EXAMPLE 
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A SOAP/WSDL Service 

 Obviously, there’s a lot more to consider in the service project. 

 But we’ll hold off on studying the rest of it until the next 
chapter, after we’ve discussed the Java APIs for web services. 

 For the moment we’ll just look at the interoperable aspects of 
this service and a prepared client – that is, at the SOAP and 
WSDL. 

 Build and deploy the service from a console with the working 
directory Examples/Ellipsoid/WSDLToJava/Service: 

ant 
 

 This will take a moment, and produce a few dozen lines of console 
output. We’ll consider the build process in the next chapter, but 
for now just assure that the output ends with: 

Command deploy executed successfully. 
 

 We can use a home-grown tool, called SOAPPad, for testing. 

 SOAPPad knows how to send a SOAP message to a given host, 
port, and service URL, and pretty-print the response. 

 It can show a GUI, and we use it in this way later in the course. 

 But it can also be driven entirely from the command line, by 
providing it with the target URL and a “canned” SOAP message. 

 Run a script built into this same directory, to run SOAPPad 
with specific target URL and request content: 

test 

EXAMPLE 
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A SOAP/WSDL Service 

 You’ll see the full request/response conversation, including 
HTTP headers, dumped back to the console: 

POST /Ellipsoid_WSDLToJava/Classify HTTP/1.1 
Host: localhost:8080 
Content-Type: text/xml; charset="utf-8" 
Accept: text/xml;application/xop+xml;* 
Content-Length: 209 
 
<S:Envelope xmlns:S= 
  "http://schemas.xmlsoap.org/soap/envelope/"  
> 
  <S:Body> 
    <ns2:classify xmlns:ns2=".../Ellipsoid" > 
      <a>3.0</a> 
      <b>3.0</b> 
      <c>4.0</c> 
    </ns2:classify> 
  </S:Body> 
</S:Envelope> 
 
HTTP/1.1 200 OK 
Content-Type: text/xml;charset=utf-8 
 
<S:Envelope xmlns:S= 
  "http://schemas.xmlsoap.org/soap/envelope/" 
> 
  <S:Body> 
    <ns2:classifyResponse xmlns:ns2=".../Ellipsoid" > 
      <result>prolate spheroid</result> 
    </ns2:classifyResponse> 
  </S:Body> 
</S:Envelope> 

EXAMPLE 
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REST 

 Many have argued that SOAP is an unnecessary and 
problematic layer in the web services architecture. 

 An alternative approach is REST, or representational state 
transfer.  It argues that web services can be more neatly 
implemented using just three basic and proven tools: 

 XML 

 HTTP 

 URIs 

 If XML really is sufficient, then SOAP is not only unnecessary 
but actually detrimental, because it bloats messages and 
requires more processing by sender and receiver. 

 The SOAP vision of a single front door, being so coarse-
grained, also obscures real resource usage from the web server 
and the client framework (not a browser anymore but perhaps 
a web-services runtime). 

 This means that SOAP will require the re-invention of several 
features already available to HTTP- and URI-based systems: 

 Security 

 Caching 

 Stateful sessions, if we want them 

 The SOAP 1.2 recommendation actually acknowledges this 
compromise, and goes so far as to encourage the use of multiple 
URIs for multiple resources where appropriate. 
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The REST  Vision 

 Where the SOAP vision is clearly component-based (and biased 
toward RPC services), REST sees web services as a more natural 
extension of a resource-based web: 

 

 A service is a system of behavioral resources, each with its own 
URI; there is no need for the façade component endemic to SOAP. 

 Requests are HTTP GETs, and responses carry ordinary XML. 

 A service might be needed to completely dereference the URI, 
including query string, to a specific resource.  But it wouldn’t act as 
a true façade by coordinating activities of various resources. 

 This is an evolution of web applications, the big difference 
being the XML content of responses – replacing HTML. 

 REST resources are naturally more fine-grained than SOAP 
components, though a REST service could certainly exist to play 
the façade/coordinator role and thus jibe with SOA’s sense of 
services being stateless and coarse-grained. 

Service 

Client 

/MyApp/Service?recordID=52

 
 

 

/MyApp/BizObjA 

/MyApp/BizObjB

/MyApp/BizObjC 
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RESTful Services: Directory Structure 

 Those course exercises that are not SOAP-oriented are formed 
as RESTful services bundled in web applications. 

 The typical file structure is shown below: 
<root> (e.g. Examples/Math/REST/Step1) 
    build.properties 
    build.xml 
    doc (with generated javadoc from the src tree) 
    docroot 
      WEB-INF 
        web.xml (sometimes!) 
    HTTP 
      (Example requests and responses here) 
    src 
      (Java packages and source here) 
    test.bat 
 

 So this whole tree forms a web-application project. 

 There is no corresponding client application; most RESTful 
services can be invoked using simple HTTP tools (even a browser 
in some cases). 

 Example requests and responses are now in an HTTP directory 
found inside the main project. 

 Each carries a prepared test.bat script, as the SOAP services 
do. 
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A RESTful Service 

 In Examples/Ellipsoid/REST, there is a different solution to 
the same basic problem of classifying three-dimensional 
ellipsoids. 

 Build and test this one, more or less as you did the 
SOAP/WSDL version: 

ant 
test 
 

 Now the HTTP looks different; here is just one request and 
response extracted from the full script of several operations, 
and replacing the parameter @ROOT@ with the real service 
URL: 

GET  
  /Ellipsoid_REST/Service/Classify?a=1.0&b=1.0&c=1.0  
    HTTP/1.1 
 
HTTP/1.1 200 OK 
Content-Type: text/plain 
 
sphere 
 

 First you’ll notice that the request has no body at all; the request 
values are expressed as HTTP query parameters. 

 The response has a body, but (in this case) it is not XML; the 
content type is text/plain, since all we needed to return was a 
single value. 

 XML body content is more typical, but this application shows just 
how simple a RESTful service can be. 

EXAMPLE 
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SOAP v. REST 

 Which approach is best? 

 Of course it depends what problem you want to solve! 

 But we can score this SOAP-v.-REST debate with a few 
observations about each approach. 

 SOAP  does indeed disable some existing features of the web; its 
header system is nice, but we’ve spent a lot of time using those 
headers to rebuild exactly the things that we’ve thrown away. 

 But then SOAP headers also allow us to move beyond: we might 
have taken a step back but now we can take several steps 
forward. 

 How would XML, HTTP, and URIs solve the problem of federated 
message security?  Identity?  Transactions?  Reliable asynchronous 
messaging?  Etc.? 

 Probably by inventing something quite like SOAP! 

 SOAP is better aligned with SOA, and often more well-suited to 
larger enterprises. 

 REST is more lightweight: often easier to implement, good for 
certain straightforward problems, but less extensible. 

 SOAP’s vision of full-bore XML in both directions is appealing. 

 The REST vision has expanded to embrace requests with XML 
bodies, for instance for POSTing an update to a database record. 
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Metadata for REST 

 Another perceived limitation of REST is at the description 
layer: SOAP has WSDL, but what is the description solution for 
REST? 

 WSDL itself is one option. 

 It is possible to describe a REST service using WSDL 1.1, taking 
advantage of the HTTP and/or MIME bindings. 

 But the HTTP binding can only describe GET and POST requests, 
and modern REST services often use other methods, most notably 
PUT and DELETE. 

 WSDL 2.0 supports these as well but is not yet widely 
implemented. 

 Another language is emerging that is better aligned with REST: 
this is Web Application Description Language, or WADL. 

 Not surprisingly, WADL defines an application as a collection of 
resources, rather than port types or interfaces. 

 It supports the idea of methods and requests on those resources. 

 But WADL is not widely adopted yet, either. 

 And there is certainly some question as to whether REST 
should have a formal description layer. 

 Perhaps MIME types are most or all of what we need here? 

 Or a set of conventions for common operations on resource types, 
plus XML Schema? 

 There is some resistance in the REST community to repeating 
what are seen as the mistakes already made in the SOAP stack. 
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UDDI 

 Universal Description, Discovery and Integration, or 
UDDI, is a model by which web services and the businesses that 
support them can be published, discovered, and used. 

 The UDDI specifications are managed by the Organization for 
the Advancement of Structured Information Standards, or 
OASIS. 

 The model is currently at version 3, and is described in a set of 
specifications that separately cover the programmer’s API, 
common data structures, administrative issues, and other related 
topics. 

 The model identifies the registry as the standard software 
component for publishing to and querying repositories of 
information about businesses, common models for data and 
behavior, and of course web services themselves. 

 

Client Service 

Registry 

Repository 

Administrator 
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The Web Services Interoperability Organization 

 The Web Services Interoperability Organization, 
commonly known as the WS-I, has gathered major corporate 
and non-commercial participants to agree upon overarching 
specifications for web services. 

 The WS-I does not govern the individual languages and protocols 
such as SOAP, WSDL and UDDI. 

 They see the W3C, OASIS, and others as the ultimate “keepers of 
the specs.” 

 The WS-I focuses on what they call profiles. 

 A profile combines certain versions of useful standards. 

 It sets specific rules that address either ambiguities in individual 
specifications, or issues of how to combine them. 

 Thus a profile serves as a target for conformance at a larger scope 
than SOAP, or WSDL, or UDDI, etc. 

 An application, server, toolkit, or even a set of functional 
requirements can be tagged as conformant with a  specific WS-I 
profile. 
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The WS-I Basic Profile 

 The WS-I’s first and most popular product is the Basic Profile, 
which primarily gathers several key specifications together: 

 XML 1.0 

 XML Schema 1.0 

 SOAP 1.1 

 HTTP 1.1 

 WSDL 1.1 

 UDDI 2.0 

 It addresses various ambiguities, always seeking to resolve 
them in favor of strict modeling, to foster interoperability. 

 Just a sampling of WS-I Basic conformance points: 

 It rules out so-called SOAP Section-5 encoding, in favor of literal 
models expressed in XML Schema. 

 It rules out two WSDL operation modes that are incompletely 
defined, leaving only request/response and one-way modes. 

 It insists that all operations under a port type be either RPC-style 
or document-style, no mixing of styles in one interface is 
permitted. 

 Also, implicit in the list above is that the WS-I BP requires 
SOAP, and is therefore mutually exclusive with REST. 
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WS-Security & Co. 

 Where web services are exposed on a wide-area network, and 
even behind corporate firewalls, there is often a need for 
security: 

 Confidentiality of message content (encryption) 

 Integrity of message content (digital signature) 

 Authenticity of the message (security tokens, certificates) 

 ... and more 

 A rising stack of newer specifications has been emerging over 
the last several years, mostly under the governance of OASIS; 
the most popular is WS-Security. 

 

 Further coverage of SOA security is beyond the scope of this 
course. 

XML and XML Schema 

SOAP XML Signature XML Encryption 

WS-Security 

WS-Trust 

SAML XACML 

WS-Federation 

WS-Policy WS-Privacy 

WS-SecureConv. WS-Authorization 
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SUMMARY 

 “Web services” has been a popular, murky, and 
misunderstood term pretty much since it was coined. 

 In fact there are many diverse styles of software that can lay 
claim to being true web services; about the only absolute 
requirement is that one uses XML and a web protocol for 
transport. 

 SOAP and REST are two well-considered systems for 
interoperable services, both using XML and HTTP. 

 Each has its advantages. 

 SOAP has been embraced by a larger portion of the IT industry, 
especially in larger enterprises. 

 REST is more appealing for smaller and mid-size enterprises and 
where straightforward service semantics are expected. 

 The WS-I Basic Profile serves at least two purposes: 

 Setting a conformance target for applications so that they can expect 
to interoperate. 

 Expressing a consensus about what major technology choices should 
be folded into a web-service architecture. 


