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Web Services Technologies

« A collection of XML technology standards that work
together to provide Web Services capabillities

— We will provide an overview of the more prominent WS standards

 Web Services Technologies are primarily an integration or
Interfacing technology
— NOT an application development technology
— Still can develop in existing or new software development
environments
 Web Services Technologies make it easier to tie together
existing or planned software components
— Due to the language-, platform-, OS-, hardware-neutral
characteristics of the standards
 As we will see a later chapter, Web Services technologies
can be used to implement the interfaces and messages for
a service-oriented architecture (SOA)
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Web Services Technologies Overview

« XML Technologies
— “Extensible Markup Language”
— Base XML for documents
— XML Schema for describing XML documents

« SOAP

— “Simple Object Access Protocol”

« A simple way to send documents (some people have called it “email
for documents™)

— How to format XML documents for transmission

« WSDL

— “Web Services Description Language”
— Defines all details about a service

 UDDI

— “Universal Description, Discovery and Integration”
— One way to advertise and discover services
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XML Technologies

e Collection of extensible information
representation and manipulation technologies

— XML itself — the base document standard

— XML Schema - for data typing and document
structuring

— XSLT - for transforming XML to other XML or other
formats

— Parsing strategies for XML document processing
e DOM — Document Object Model
e SAX — Simple API for XML

— Others: XPATH, XQUERY, etc.



XML Technologies
XML — eXtensible Markup Language

Originally a derivative of SGML in the family of markup
languages
Similar to HTML in appearance, but with a very different
goal

— to separate data content from data presentation

Now, a full and evolving W3C standard

Parsable, extensible and self-describing text format for
exchanging information

— Platform-, hardware-, programming-language-neutral

— Highly portable across heterogeneous networks

Reference: http://www.w3.org/XML/

SGML : Structured Generalized Markup Language
W3C : World Wide Web Consortium



XML Technologies
Important characteristics of XML

Similar in appearance to HTML
— HTML has a fixed set of tags, XML has a variable set

Two major structuring mechanisms:
— Elements that may contain text and/or other elements
— Attributes characterize elements with simple strings

Elements are demarcated by Tags at the start and end:
 E.g., a MyElement element
<MyElement> .... </MyElement>

Nested elements are used to model complex data
« We’'ll see many examples of this

Extensible — can define new elements and attributes easily

Let’s look at very simple XML documents — teach by
example



XML Technologies
Simple XML Document Exchange

Example of an XML-based request document

<get QIOt e> Four elements:
<synbol >FCORD</ synbol > get Quot e
</ get Quot e> synbol
get Quot eResponse
Ret ur n
Example of an XML-based response document
gt QIOt € P other elements.
<ReSU| t>56 5</ ReSUI t> Two contain
</ get QJOt eReS ponse> simple text content.

Each XML document can have only one top-most element.



XML Technologies
Simple XML Document Exchange with attributes

Example of an XML-based request Dat e attribute

<get Quot e date="02-01-2004">
<synbol >FORD</ synbol >
</ get Quot e>

Example of an XML-based response document Dat e attribute

<get Quot eResponse dat e=* 02- 01- 2004” >
<Ret ur n>56. 5</ Ret ur n>
</ get Quot eResponse>



XML Technologies
Shortcut If there is no text value between

the opening/closing tags

« If the synbol was changed to be an attribute, then
you could write either this:

<get Quot e synbol =“ FORD’
dat e=“02-01- 2004 >
</ get Quot e>

 Or use ashortcut for empty elements:
<get Quot e synbol =* FORD"
dat e=*02- 01- 2004” />



XML Technologies
XML Nam esSpaces

 Used to avoid element and attribute name clashes when
creating complex XML documents

o Attributes of the form xm ns: prefi x=i dentifi er are
used to introduce a namespace and establish the prefix

— Subsequently, names within the namespace must be written as
prefix:name

e There is also a way of setting up a default namespace so
you do not have to write the prefix: xm ns=i denti fi er

« As we’ll see, the identifier is typically a URL or URI.
e Let's look at some examples . ..



XML Technologies
Namespaces — a simple example

« Exanple of a simple XM. request docunent wth a
nanmespace

<WEMs(Q: get Quot e
xm ns: WeMsg="“ht t p: / / ww. W5. coml nsg” >

<WEMsg: synbol >FORD</ WsNVsg: synbol >
</ W5Ms5Q: get Quot e>

« Exanple of a sinple XM. response docunent wth a
nanespace

<WEMsQ: get Quot eResponse
xm ns: WeMsg="“htt p: / / ww. W5. coml nsg” >

<W5MsQ: Resul t >78. 9</ WEME(Q: Resul t >
</ \WSMs5Q: gr eet MeResponse>




XML Technologies
More Complex Namespace Example

<?xml version="1.0' encoding="utf-8'?>
<ENV:Envelope

xmins:ENV="http://schemas.xmlsoap.org/soap/envelope/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlIns:m1="http://IONA.com/HelloWorld">

<ENV:Body>
<ml:greetMe >
<ml:stringParamO xsi:type="xsd:string">
Hello From WS Client
</m1l:stringParam0>
</ml.greetMe>
</[ENV:Body>
</ENV:Envelope>




XML Technologies
XML Schema — Data Typing for XML documents

How do we know what elements and attributes to use?

XML Schema provides the way to define an XML
document type

So, the structure of a document is expressed in an XML
Schema file

— The schema is an XML document itself

— It supplies the definitions of elements and types

XML tools can check if a given XML document conforms to
a given XML Schema

Resource: http://www.w3.ora/XML/Schema

— the primer document is quite readable
(http://www.w3.org/TR/xmlschema-0/ )




XML Technologies
XML Schema Fundamentals

« Define XML elements using the built-in and user-defined

types:
— Simple types
 Built-in types (e.g. string, numbers, unsigned bytes, characters)
» Restricted & enumerated types

— Complex types by composing other types using
Seguence (an ordered record)

All (an unordered record)

Choice (selecting only one of several options)

Able to specify limits on repetition (e.g., 0 to N, 5 to unlimited ...)
using minOccurs, maxOccurs attributes

— S0 you can create lists
e Can access element definitions from other Schema files
using the i ncl ude element




XML Technologies
XML Schema - examples

o Address.xsd — a very simple schema

e« Company.xsd — nested schema — imports two
other schemas:
— Person.xsd — referenced by Company
— Product.xsd — referenced by Company

 BookStore.xsd — more complex example
— A nested list of nested structures

Each of these specifies it target namespace, using an attribute.
For example:

<xsd: schenmm
t ar get Nanespace="http://ww. address. org”




Address.xsd — simple element
with several string components

Xi XMLSPY - [Address.xsd]

=181 x|

File Edit Project ®ML DTD/Schema Schema design ®SL Authentic Comwvert  Wiew Browser WSDL SOAP Tools Window Help

- 8 X

D2l B8 8 2R oo #dd | VYRV oo RRERLS M -

<?xml version="1.0"7>

xmlns="http://mwvww.address.org"
xmlns:xsd="http://mww.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified">
<xsd:.element name="Address">
<xsd:complexType>
<xsd:sequence>|
<xsd:element hame="Street" type="xsd:string"/>
<xsd:element nhame="City" type="xsd:string"/>
<xsd:element name="State" type="xsd:string"/>
<xsd:element nhame="ZIP" type="xsd:string"/>
</xsd:.sequence>
</xsd:complexType>
</xsd:element>
</xsd:schema>

<xsd:schema targetNamespace="http://www.address.org"

F

i Address.xsd

®MLSPY w5 rel, 4 U Registered ko Richard Bonneau (IOMAY ©1993-2003 Altova GmbH & Altoyva, Inc, lLn 5, ol 13




Address.xml —

consistent with schema
=10] x|

P Tools ‘window Help -8 X

¥: XMLSPY - [Address *]
§Eile Edit Project ML DTDfSchema  Schema design #5L  Authentic  Comvert  Wiew  Browser WWSDL S04

D2l @S| =g oo (fads Yyl y oo RRELRR @ 20 BE gL

HFAl
=+
+

]-‘ <?xml version="1.0" encoding="UTF-8"7?>
<Address xmlns="http://www.address.org"
xmlns:xsi="http://iwvww.w3.0rg/2001/ XMLSchema-instance”
xsi:schemalocation="http://www.address.org/

Address.xsd">
<Street>123 Main Street</Street>
<City=AnyCity</City>
<State>AnyState</State>
<ZIP>12345</Z1P=>

</Address>




Company.xsd — unlimited number of Persons
and Products —types from ‘included’ schema files

X EMLSPY - | Compainy ssd * | 22 2ol
| Fe Edt Project ML DTDVSchema Schemadesign ¥l Autherkc Conwert Wew Brosser WL SDAP Took Window Help -8 x
DR E@ S mR o~ Mdh YAy 99 BERERER I PR BR B[

<?xm| version="1.0"7=
<xsd:schema targetNamespace="http.//mvww.company.org”
xmins="http://iww.company.org” xmins:xsd="http:/mww.w3.org/2001/XMLSchema”
elementFormDefault="qualified">
<xsd:include schemalocation="Person.xsd"/>
<xsd:include schemalLocation="Product.xsd"/>
<xsd.element name="Company"=
<xsd.complexType=
<xsd.sequence>
<xsd:element namg="Person" type="PersonType" MaxOccurs="unbounded"/>
<xsd:element name="Product” type="ProductType" maxOccurs="unbounded"/>
</xsd:sequence>
<fxsd:.complexType>
=/xsd.element>
<[f¥sd;schema=




Person.xsd — Persontype elements

I APy - [Persanossd] 3 _-JIIHI
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i OvgChar =xsd:schema xmins: xsd="http:/fwww. w3.0rg/2001/ XMLSchema”
4 —foar elementFormDefault="quallfied">
'= - <xsd.complexType name="PersonType">
i S0AF Debugge {Kﬂdfﬂﬁqu 2nce>
o B i <ysd:element name="Name" type="xsd:string"/>
& Ponesictite <xsd:element name="SSN" type="xsd:string"/>

dovon 5 Preseniation =fxsd sequence>
‘Wb Sevics: Fourdat <fxsd.complexType=
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Lo wed
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Product.xsd — ProductType element

¥ XMLSPY - [Product.xsd *] —

Eile Edit Project #ML COTDJSchema Schema design ®SL Autherbic Comvert  Wiew Browser WSDL S0AF  Tools  Window Help

DR @S| @ oo et Y|y oe ERERE M &

- B X

)

<?xml version="1.0"7>
<xsd:schema xmlns:xsd="http://wvww.w3.0rg/2001/XMLSchema”
elementFormDefault="qualified">
<xsd:complexType name="ProductType">
<xsd:sequence>
<xsd.element name="ProductID" type="xsd:string"/>
<xsd:element name="ProductDescription” type="xsd:string"/>
</xsd:.sequence>
</xsd:.complexType=>
</xsd:schema>

@ TimeService | Company. xsd | Unkitled3, xml Product, xsd

RMLSPY w5 rel, 4 U Registered to Richard Bonneau (IORA) ©1998-2003 Alkova GmbH & Altova, Inc. ILn &, Col 41 | | i




Sample Company XML file

i =2 x|
[(GhEde Ede Eroject A [TOSchens Schepadesign K5 fuhectc Qomt Yiew frowssr WL SOAP Teok dirdow Hel -8

0| RO @ | R~ A% Y|y PR RREFEE O 2R B ||

A [ =7xml version="1.0" encoding="UTF-8"?=>
<BookStore xmins="http:/fwvww.books.org"
xmins: xsi="http:/Awww. w3, org/2001/XMLSchema-instance”
¥si;schemalocation="http:/iwww, books. org
BookStore xsd™>
<Book=
<Title=Understanding Web Services</Title=
<Althor=Eric Newcomer</Author=
<Date=>2002</Date=
<|SBN=0-201-75081-3</ISBN=>
<Publisher=Addison-Wesley</Publisher=
</Book=
<Book>
<Title=CORBA Distributed Objects</Title=
<Author=Sean Baker</Author=
<Date=1997</Date>
<|SBN=>0-201-92475-7</ISBN=
<Publisher=Addison Wesley</Publisher=
<{Book= |
</BookStore= =

This file & valid.
2 -

1

E (5 UnttdmctL comd | S Untthedz.comi | [k Compary | [y address | (G Branystring | (G} scdress osd Ehﬂnrr|
ALY VS el 4L Risgistera] bo Richard Bortsa (IOMA] S0 50852000 Ay GabH B Alsva, T Ln3 cald | | )|



BookStore.xsd — unlimited list of Book
structures each containing five flelds

1 XMLEFY - [DookSthoremsd] ..I.“.l.ﬁ“
l&mwwwwwawwmmmwmww -.u|
DGR AP (SR AR YA Y e RAERE M e [ﬂllf—-l |
Froject === = ] =X SOSCNEMAE Targeiramespaces= M OOKS, O - |
E;“;:;ﬂ, xmins="http:/fwww.books.org”
il xmins:xsd="http://www. w3.org/2001/XMLSchema”
5 @l Imeinston elementFormDefault="qualified">
i —Jirail =xsd:element name="BookStore"=
o <xsd.complexType=
3 [ "ML-bssed Wiabuie <xsd.sequence=
B s Presertaion <xsd:element name="Book" maxOccurs="unbounded"=
‘= CONDECWE Turid <xsd.complexType=
Gy <xsd.sequence> | |
Ra— <xsd:element name="Title" type="xsd:string"/>
Eroeuee <xsd.element name="Author" type="xsd.string"/>
oA <xsd:element name="Date" type="xsd:string"/>
SinchQucie sque <xsd:element name="ISBN" type="xsd:string"/>
- =xsd:element name="Publisher” type="xsd:string"/=
A Y——— <fxsd:sequence=
<fxsd.complexType=
</xsd:element=> |
</xsd sequence> |
<fxsd.complexType=
</xsd:element> -
=/xsd.schema= = |
Pl 1 M) [ nerySreg ot | [ Ervhorem. o8| [ Compars.osd | [ Poesers xod | fa) Prochet<sd (i) BokShore s

EMLSFY vS el 4 U Registered to Richard Bonmesu (I08A) @10 9598-2003 Altows GmbH & Aoy, Inc,

Lni, cols



BookStore. XML

¥l XMUSPY - [BookStore *] F =0 =]
fh Bk EdR Projedt $ML DTD/Schema Schemadesign ¥SL Authenbic Coreert Wew Erowssr WSDL SOAP Took Window el -8 x

Dlﬁril O S| v@ v Ak yd|y oo RREDS H =2 BB % |5

T T A B e AT 2 II-I..'-" dERNNT V. R W e o 'l-llb' _‘I

] xmins xsi="http:/hwww . w3.org/2001/XMLSchema-instance”
¥si:schemalocation="http://mww.books.org
BookStore xsd"=
<Book=>
<Title=Understanding Web Services</Title=
<Author=Eric Newcomer</Author=
<Date>2002</Date>
<|SBN=0-201-75081-3</ISEN=>
<Publisher=Addison-Wesley=/Publisher=
</Book=
<Book=>
<Title>CORBA Distributed Objects</Title=
<Author=Sean Baker</Author=
<Date>1997</Date>
<|SBN=0-201-92475-7</ISBEN=>
<Publisher=Addison Wesley</Publisher=
</Book= x|

Thiz file 15 valid,
i

1 ||| (3 sokstone ) nookstore csd | () acdress |
¥PLSPY 5 rel 4 U Registerad to Richard Bonneau [TOMA) i©1995-2003 Altava G & Altava, Tnc, Ln3, coll o ey




XML Technologies
XSLT for Transforming Data

eXtensible Stylesheet Language - Transform

Need ways to take XML data and transform it to other forms
for various purposes

— XML isn’t always the format that you want to work with

Examples

— Transform XML information into HTML format for web page display
— Transform XML data to conform to another XML Schema

— Transform between international representations (dates, currency)

— Transform data into several different presentation formats (browser
screen, handheld, pure text ...)

Actually three specs: XSLT (Transform), XML Path
Language (XPATH) and XSL Formatting Objects (XSL-FO)

Resource: http://www.w3.0rq/Style/XSL/




XSLT Fundamentals

* Applies transformation rules to elements found in the
XML

— You tell it what elements to find, and what to output when each is
found

« It leverages the XPath (XML Path Language)
specification

— A powerful way to identify/find elements within an XML
document

« Uses a nested programming-language-like syntax for
matching, repetition, etc. to support complex document
parsing

e Let's look at an example



XML document containing company info

57 LY - [DrgChart] ] =@l

(D th [ Eown A CTDfchens Schemsdesn W, futhertc Comert Wew [rowssr WL S0MF Ioos sndow e -8

DR @ R n~ A ||y (O BEnEs 0w B e

Protect _* [involved in developing nancelectronic software technologies B
R CONCOCw Tk 21| since 1996 and released the first version of its products in

Binanitng sed February 1999 </para=
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S irarad </Address=>
LMD EpRapest s <Phone=+1 (321) 555 5155</Phone=>
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E ryskyms o <EMail=office@nanonull. com=/EMail=
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(Part of) XSLT for transforming data

=101 x|
| [k Fie | Bt Project XML QTDfSchema Schemadesign XS, futhentc Corwert Yew Browser WEDL S0AF [ook Window Helo -8 x
D@ @S| hl|-~ 4 yFdl vy 92 BEEEREE M =D B % &
mﬂf.u E'\DML-TJ <|--X5L Stylesheet for generating simple Orgchart—> B
(2] CMoe <xsl:template match="a:OrgChart™
3 0 neh <html> J
2 3 oo <head>
¥ LU Intae <title=
3 ) Olthe <xsl-value-of select="a:Name"/> <
- P <ftitle=
g A </head=
3 Bin <body=
g o <table width="100%">
g Boc <{r=
o o <tdl>
=g <h1>
g e <xsl:value-of select="a:Name"/>
ran <fh1=
o </td>
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Transformed Data in HTML format
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XML Technologies
Parsing XML documents

* Processing XML documents within programs typically
requires XML parsing capabilities

 Two most popular parsing approaches:

— DOM - Document Object Model

» Read and represent entire document in memory as a tree of nodes
allowing for easy traversal throughout the document

* You can modify the tree, and make a call to DOM to tell it to output
the new tree as a document

— SAX — Simple API for XML

« Event driven parsing model that invokes callbacks for major XML
elements as they are read from the document

« Can be more efficient than DOM for large document processing

« Used more for extracting sub-document information and specific
processing



XML Technologies
Other XML Specifications

.« XPATH

— XML-based syntax to provide sophisticated access to parts of an
XML document — used heavily with XSLT for transforming XML

« XQUERY

— An SQL-like dialect for querying parts of varying XML data
sources

— Extension to XPATH
o XML-Encryption — (to be seen later in more detail)
— Process for encrypting/decrypting parts of XML docs

« XML-Signature — (to be seen later in more detail)
— To ensure origin and integrity of XML docs



Participants in a Web Services Environment:
Part 2 - SOAP Technology
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SOAP Technology

* Originally, the acronym stood for
Simple Object Access Protocol

— but not really a valid acronym any more.
Much more like

“*How to exchange XML documents programmatically over
the Internet using messages”

 Also known as “e-mail for XML documents”

e Several versions of standard available or in progress
— Latest version: SOAP 1.2. Most widely used version: SOAP 1.1.

e Resource: http://www.w3.0rg/TR/SOAP/




SOAP Overview
What Is SOAP now?

e SOAP s

— an XML-based messaging framework specifically
designed for exchanging formatted data across the
Internet

e Latest version: SOAP 1.2

« Examples of usage
— (RPC Model) Using request and reply messages

— (Document Model) Sending entire documents
between correspondents.

 Resource: http://www.w3.org/TR/SOAP/




SOAP Overview
Structure of a SOAP Message

A SOAP message consists of:

— Envelope - identifies the message boundary and
Includes:

 Header - contains meta-data/auxiliary (optional)
 Body - contains the request and response XML

documents
Envelope  Fault information
may also be
Header supplied — not
shown here

o Often the header
contains system level
data (see later
chapters)

Body




SOAP Overview
Skeleton SOAP Message in XML

<?xm version="1.0"7?7>
<soap: Envel ope xm ns:soap=* ... ">
<soap: Header >

</soébgkbéder>
<soap: Body>
%.;.ﬁéésage payl oad goes here ...>

</ soap: Body>
</ soap: Envel ope>



SOAP Overview
Our Simple Example — in SOAP

<?xml version="1.0' encoding="utf-8'?>

<ENV:Envelope
xmins:ENV="http://schemas.xmlsoap.org/soap/envelope/"
xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"
xmins:m1="http://IONA.com/HelloWorld">

<ENV:Body>
<ml:.greetMe >
<stringParamO xsi:type="xsd:string">
Hello From WS Client
</stringParamO0>
</ml:greetMe>
</ENV:Body>

</ENV:Envelope>




SOAP Overview
Simple Example Response —in SOAP

<?xml version="1.0" encoding="utf-8'?>

<ENV:Envelope
xmins:ENV="http://schemas.xmlsoap.org/soap/envelope/"
xmlins:ENC="http://schemas.xmlsoap.org/soap/encoding/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmlns:m1="http://IONA.com/HelloWorld">

<ENV:Body>
<ml:greetMeResponse>
<return xsi:type="xsd:string">
Echo: Hello From WS Client
</return>
</ml.greetMeResponse>
</ENV:Body>

</ENV:Envelope>



SOAP Overview
SOAP Processing

« Within the SOAP environment, the software responsible
for the generation, transmission, reception and analysis
of these messages is known as a SOAP Processor

 These processors can be standalone listeners on TCP
ports

— Accepting incoming SOAP messages and passing them up in
the stack

* Also, most Web Servers include a SOAP processor

— but if your Web Server doesn’t include a SOAP processor, then

most Web application development environments allow you to
add a “SOAP plug-in”.



SOAP Overview
SOAP 1.2

e SOAP 1.1 1s the most used version of SOAP
specification
— Recommended by WS-I in its Basic Profile 1.0

e The latest release i1Is SOAP 1.2

— Incorporates SOAP with attachments (controversial)

» Allows for additional information payload as an attached file —
that may contain binary as well as text data

* Now being incorporated into existing SOAP implementations
» Other web service standards and interop efforts also starting
to build on top of SOAP to allow for support of attachments

— Other definitions being put forth for consideration



Participants in a Web Services Environment:
Part 3 - WSDL Technology
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WSDL Technology

 Web Services Description Language

« WSDL is the KEY to using Web Services

— WSDL provides an OS-, platform- language-neutral definition of
a Web Service

 THE contract between Web Service provider and
consumer

 Completely describes a Web Service:
— Messages and types of data used in messages
— Operations with associated in and out messages
— Bindings of operations to transports
— Physical location of service (endpoint) specifications

e Large and complex standard, continually undergoing
development and proposed extensions

» Reference: http://www.w3.org/TR/wsdl




WSDL Overview
Major WSDL Elements
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WSDL Overview
Major WSDL Elements

 The top level XML element is the definitions element

<definitions> ... </definitions>

« Services are defined using eight major elements:

types: data type definitions used to describe the messages exchanged.

message: abstract definition of the data being transmitted in a
message. A message consists of logical parts, each of which has one
of the defined types.

operation: Each operation can have an input message and an output
message.

porttype: a set of operations.

binding: specifies concrete protocol and data formats for the operations
and messages defined by a particular portType.

port: specifies an address for a binding, thus defining a single
communication endpoint.

service: used to aggregate a set of related ports.



WSDL Overview
The <types> element

« Types are specialized building blocks for data content
exchanged via Web Services

 Normally the <types> element uses XML Schema to
define types and elements used in the WSDL document

— But another type system could be used (this isn’'t very well
defined now)
* S0 normally specified in terms of XML Schema
constructs
— Simple types
— Complex types — including sequences and nested structures
« E.g. a purchase order with multiple items

o We'll see examples of these later.



WSDL Overview
The <message> element

 Messages are the packaging of data that are
transferred (in or out) via web service operations

e A message can contain zero or more parts
— And each part can contain one element or one type



WSDL Overview
The <operation> element

e An operation can have an input message and an
output message



WSDL Overview
The <porttype> element

e A <porttype> is a collection of named operations
— each with an input and/or an output message

e This is the key to the logical definition of a web
service

— What operations are available for access
— What input message is required for each operation
— What output message is generated by each operation



WSDL Overview

It may help to view the logical aspects as follows:

PortType

Logical
aspects

/

Operation

.

Message

-

Part

>,

e e

// interface

// method

// the messages that flow
// in and out of an operation

// parameters

// type of parameters



WSDL Overview
Let’s look at our simple example,
within a WSDL file ... HelloWorld.wsdl

; C:Documents and Settings' rbonneau’.My Documents' Services BU WS Foundations

J File Edit Miew Favarites  Tools  Help

=10 x|
=

J d=Eack -~ = - (£ 7t | ‘Qisearch  [GfFavorites  GMedia C4 Sh | - D ¥ (4

J #ddress C:Documents and Settingsirbonneaut iy Documentst Services BUYWS Foundations Ij E'J?GD J G(‘JL’JSIE‘ -

>

LACLILELLE I p= e e = L JF T O O iy T T Py O 1oy oy

+ =message name="greeti¥e":=
+ =message name="greetiMeResponse":
<message name="sayHi" /=
+ <message name="sayHiResponse"=
- <portType name="HelloWorldPortType"=
- =operation name="greetMe"=
<input message="tns:greetMe" name="greetMe" />
<output message="tns:qgreetMeResponse" name="greetMeResponse" /=
< joperationz
- zoperation name="sayHi">
Zinput message="tns:sayHi" name="sayHi" />
<output message="tns:sayHiResponse" name="sayHiResponse" />
< /operation=
=/portType=
- <hinding name="HelloWorldPortBinding" type="tns:HelloWorldPortType">
<soap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http" />
+ =operation name="greetMe"=
+ =operation name="sayHi">
=/hinding=
- «<service name="HelloWorldService">
- =port binding="tns:HelloWorldPortBinding" name="HelloWorldPort">
<soap: address location="http:/ flocalhost:12345" /=

=

€] l_ l_ l_ K= My Computer




WSDL Overview
The <binding> element

 The <binding> element specifies how the logical
content (messages, operations) is mapped onto
transports for exchange between requestor and
provider

« HTTP + SOAP are the predominant binding
options, but many more are becoming available
to support integration throughout and among
enterprises

* Note that multiple bindings for the same
PortType are possible!



WSDL Overview
The <port> element

 The <port> element specifies the physical
location/destination for sending the service
reguests

e Typically supplied as a URL



WSDL Overview
The <service> element

* The <service> element specifies a collection of ports —
|.e. locations where the operations of the service are
accessible to potential service requestors

e Typically, the ports of a service refer to the different
locations where the different possible bindings specified
elsewhere in the WSDL file are implemented and
available

 Example: one port may supply the location where HTTP
IS the transport binding, another port may supply the
location where it is FTP

e Let’s look at the rest of our simple example
within a WSDL file ... HelloWorld.wsd]




WSDL Overview
HelloWorld WSDL

E C:%Documents and Settings' rbonneau’, My Documents' Services BUYWS Foundations | - |EI|5|

J File Edit ‘Wiew Favorites Tools  Help ﬁ

J 4= Back ~ = - @ ﬁ | @5&arch (3] Favorites @Media @ 5 | %* @' @ E @

+

J Address Z:\Documents and Settingsirbonneauiiy Documents) Services BUYWS Foundations lj ﬁGD J GUDS]E‘ - £
el Ty AL lll.l.'_llrrI"Illlll_lu_'lll.rulllrlll_!llu Lk =2 l“: AT A" d
+ =message name="greetMe":

Zmessage name="greetMeResponse":>
zmessage name="sayHi" /=
Zmessage name="sayHiResponse":
=portType name="HelloworldPortType":>
- <operation name="greet™e">
<input message="tns:greetie" name="greet™Me" />
<output message="tns:greetMeResponse" name="greetMeResponse" />
< /operation=
- <operation name="sayHi">
<input message="tns:sayHi" name="sayHi" />
<output message="tns:sayHiResponse" name="sayHiResponse" /=
< foperationz
</portTypes &
<hinding name="HelloWorldPortBinding" type="tns:HelloWorldPortType">
<soap:hinding style="rpc" transport="http:f/schemas._xmlsoap.orq/soap/http" /=
+ =operation name="greetMe":
+ =operation name="sayHi">
</hinding=
zservice name="HelloWorldService"=
- <port binding="tns:HelloWorldPortBinding" name="HelloWorldPort"=
<soap: address location="http:f flocalhost:12345" /> _ILI
3

I_ I_ I_ |@I My Computer v




WSDL Overview
A Few Concrete WSDL Examples

o Stock Quote WSDL — remotely stored WSDL file
at Xmethods.net

— Simple data model and operations list used for our early
demo

 WS-| Manufacturer WSDL file (Warehouse.wsdl)
— Imported schemas, shared among different WSDL files

— Sample request and response SOAP messages
documented in the file

— Documentation discipline — commentary, headers, etc.




WSDL Overview
More Concrete WSDL Examples

o Stock Quote WSDL — remotely stored WSDL file at

Xmethods.net
— Simple data model used for our early demo

« A SearchService WSDL file
— More complex data (types section)
— More operations
— Optional transports/bindings/services/ports (some in comments)
* One of the Web Services Interoperability Demo WSDL files

— Another remotely available WSDL file
— Isupplier — complex types and numerous operations

 WS-I Manufacturer WSDL file (Warehouse.wsdl)
— Imported schemas, shared among different WSDL files
— Sample request and response SOAP messages documented in the
file
— Good documentation discipline — commentary, headers, etc.




WSDL Overview
Stock Quote WSDL File

a C:\Documents and Settingsh rbonneau’My Documents', Services BUY WS Foundations

J File Edt “ew Favaorikes Toals  Help

J 4= Back, ~ = - @ ﬁ- | @Search (3] Favarites @Media @ 5 | %v @ @ E @

J Address CiDocuments and SettingsirbonneauiMy Documents) Services BUYWYS Foundations CDLj f{)GD J GODSIE' -

. p: /v themindelectric.com/wsdl/net.xmethods.Services.stockguoie.
#mins: s="http:/ fvwww w3 .org/2001 /7 XMLSchema"
#mins: http="http://schemas.xmlsoap.org/wsdl/http /"

=mins: tm="http:/ /microsoft.com/wsdl/mime ftextMatching /"
#mins: mime="http://schemas.xmlsoap.org/wsdl/mime /"
#mins: soapenc="http:/fschemas.xmlsoap.org/soap/encoding/"

name="net.xmethods . services.stockquote StockQuote"
=mins="http:/ /schemas.xmlsoap.org/wsdl/">
<types /=
- zmessage name="getQuoteResponsel":
=part name="Result" type="s:float" /=
</messagex=
- =message name="getQuoteRequest1":=
=part name="symbol" type="s:string" /=
</messagex
- zportType name="net.xmethods _services.stockquote.5tockQuotePortType">
- <operation name="getQuote" parameterCrder="symbol">
<input message="tns:getQuoteRequestl" />
<output message="tns:getQuoteResponsel” />
</operation
</portTypes
- =hinding name="net.xmethods.services.stockquote.StockQuoteBinding"
type="tns:net.xmethods.services.stockquote.StockQuotePortType"=
<soap:binding transport="http://schemas.xmlsoap.org/soap/http" style="rpc" />
- <operation name="getQuote":
<spap:operation soapaAction="urn:xmethods-delayed-quotes#getQuote" /=

a| |

targetMamespace="http:/ /www.themindelectric.com/wsdl/net.xmethods.services.stockquote.51

|:Eh| Done

ol K vy computer :




WSDL Overview
Gooale Search WSDL File

gl gpoogle.com Loeglete arcbowsd] - Microsolt bnbermet Exploresr

i hitpe

|| D

Bt Vew Farortes Took Heb

| demss - = - Q) B | Doewch GiFwores Freda F B NH-FATEQ

i |.‘_’E’L"’_*1*ﬁ Hittp: Jf'apl. googie, comfGoogieSaach.eed

=] e ||k gjwebserscesroundacets *| | Google -]

ut||'.'ﬂ_l_|l"Lﬂﬂlm:}_lm_lmﬂl:lj[ﬂﬂ'H'l']ﬁ.l..L.nLl:liﬂﬂiFla-ﬁ

cinan: body use="wrcodad” namu-srm:-u:'urn'.ﬁhnqlﬂﬂndﬁ'
prcoding=Style="http:f fechemas. kmisoap. org/soap fencoding £/~ />
=/input=
— oLt s
sosn body uss="pncoded"’ namespace="umGoogleSsarch”
encodingStyle="http:/ fschemas. . xmlsoap.orgy/soapfencoding/ /=
ot pel s
SFOpRErEEEn
- copetation name="doSpelingSuggestion’
capap:aperation soapaiction="urn:GooglefearchAction® /=
Cifipul >
<goag: body use="pnicoded’ famespace="um:GoogleSeanch”
prcodingStyle="hittp: S fschemas. kmisoap.orgfsoap fencoding £ />
<inputz
— LIRS
csosm body uss="pncoded"’ namespace="umGoogleSearch”
encodingStyle="http:f S schemas. . xmlsoap.org/soapfencoding/ /=
oot pel s
LT =T e
- coperation name="doGoogleSearch’>
capap:operation soapaiction="urn:GooglefearchAction® /=
iFpul =
<goag: body use="pncoded’ famespace="um:GoogleSeanch”
prcodingStyle="hittp: S fschemas. kmisoap.org S soap fencoding />
<inputz
— LIRS
csosn body uss="pncoded"’ namespace="um:GoogleSsarch”
gncodingStyle="http:f S schemas. . xmlsoap.org/ soap fencoding/ /=
o fat gt
e |- T e
< SBindings
iy = o e e e
CHBCIEE ndnlL—'GMgllBMrﬂiﬂtrHtu =
o port name-'ﬂunqluﬂnﬂrdﬂ-’-"ﬂﬂ' tinding="typens:GoogleiearchBinding >

................. Ml s F ezl ccssaslea scwe faasscasl Fh chaW L

i
IR T R - AEA  fo




WSDL Overview
WSID Supplier WSDL

;ll.ll;.' wpna, Wik hacds nek, weaid -00- 2000wl T Soppler, medl - Morosoft Internet Deplorer

| Be Edt Wew Fgoetss Tock e
| deBack - = - @) (] 4} hseach [GjFmortes Fweds F D -H T E[Q

amins:http="http:/ f schemas aomilsnap.orgSvwesdl S hetp /™ amibns esd="http:/ S 3o 200 1 viLS chema®
amins wsdi="http:/ S schamas 2misoap.org/ wsdl = amns="httpf fschemas gmisoap.org Hesdl
- ghypEss
= gEchema smns="htipsf feww @, 0rg, 2001 XMLEChema” taruethan'espece='hltu:Hm'm-.umamndi.nat.n’ws-tlamnf'
s ee="hitp Seeveve w3 oorg S 200 1 XML chema® slemantFormiDefault="qualified"
arrins  ne="hitp: f Feevevr smelhods . nel s -damo) >
cxzd:glement name="Invoice">
- wxid: complax Typas
— HE0E S RgUBTICES
cxcdl elamant name="haader Tg'lJE:'tﬂi‘.'l'l‘H'l'.‘ﬂEHl‘Hﬂﬂm“ﬂ‘.'lﬂ' i
<usd: eamant name="1nes" rype="tns;InvoicalinesType® />
£ /0E0 FRqUEnCES
cfusd: complay Typas
ciusd: elemenks
coesd: complex Type name="InvoiceHeaderType™s
- idd: Jagquanta
wxsdelamant nama="invoiceNumber” type="ksd:string"™ />
oxed:elamant name="timeStamp® type="wsd-dataeTime" />
<xsdelamant name="poNumber typa="susdstrimng® />
cxslflamant nama="suppllariD® types="wed:string” />
cxpdeemant name=“customeriD® typa=*"wed string® /=
oz plemant name="notes" type="wsd:string" />
cred: plamant name="subTotal® type="ksd:float" /=
cxid: glamant name="tax" type="gsd:MNoal" /=
sl plamant name="shipping" type="nsd:hoat" /=
<5 elemant name="total" type="wsdMoat® /=
<xsi:elamant name="craditChargaNum® type="wsd:=string" />
sl saquancas
c/usd: complan Typaz
copd:complex Type name="InvoicelinesType" =

iemd m -

] Dene [ | e ineerre

| Bedrecrs 8] i fvveees srsthosd. net ressch03- 2100 sk | uppier vesc] | e | [k ﬂmdumrrm-ﬁt'ﬂﬂunjh| =
-
«7uml verson="1.0° encoding="UTF-3" 7>
== Ediced wich XHL Spy wd_d ECLE! WU, Ol SEY . CO oy LanT 5300 AHEC ROE =-—T
- wdefinitions name="15upplier’ targetblamespace="http:# frvew omethods net fees-demo /©
aring: tns="hitpf fvever emethods . nel fws-demo ™ sming: sasp="http:f S schemas amisoap.orgesdl f soap ™




WSDL Overview
WS-1 Warehouse WSDL

a C:Documents and Settings'.,rhonneau’ My Documents' Seryices BU WS Foundations Course’, ;|g|5|

J File Edt Yew Favorites Tools  Help ﬁ

J 4m Back -~ = - @ ot | @Search (3] Favorites @Media @ Sh | %v = @ ¥ @e_

J.ﬁ.gh:lress CADocuments and Settingsirbonneauiiy Documents!Services BUYWS Fnundatiunsj nf')?GD J Gﬂﬂglﬁ - =
</s0ap: headers= ;l

< wsdlinputs
- owsdloutput>
<soap: body use="literal" namespace="http:/ /v .ws-
i.org/SampleApplications/SupplyChainManagement /2002~
o8/ Warehouse.wsdl" /=
< wedl outputs
</ wsdl:operation=
< wsdl binding:=
</Mwsdl definitions=
— ,:-_:!__
The following iz an example of a J04F request messade cowmwpliant with the above
W3DL:

<z3:Envelope xmlns:s="http://achemas. xmlsoap.orgenvelopes "
<= :tHeader:>
<h:Configuration
¥mlns:h="http:/ wvw.w3-1i.o0rg/ Jamplelpplications/ SupplyChainManagemen
<h:UzerId-8bhfvecfa-f3be-4£39-98307-c550860a5983 </ h: User Id>
<h:3ervicellrl Role="Warehousel">http://www. wa—-1i.org/Basic3amplelipps Marehouse L
<h:3ervicellrl Role="LoggingFacilitcy™>http: S/ vww.ws-1i.o0rg/BasicSamplelipp/ Loggin
<h:3ervicellrl Role="WarehouseC">http://www. wa—-1i.o0rg/Basic3amplelipps MarehouseC
<h:3ervicellrl RDle="REtailer">http:ffwww.ws—i.DrngasicSampleAppfRetailer<f%ijlj
3

«| |
@ Dane I_ I_ I_ @ My Compuker i




WSDL Overview
WSDL Element Relationships
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WSDL Overview

WSDL Element Relationships

<port Type>

"

<bi ndi ng>*
1
<plrt>
T

<servi ce>

Physical Layer

<operati on>

2

<nessage>

l.

<part>

"

<type>

Logical Layer

// interface

// method

// Different param-

// passing modes split
// into an input &/or
// an output message

// parameters

// a type or element



Web Service Technologies Relationships
Run time vs. Design Time

WSDL Specifies ...

<portType> <binding> <service>

Design and
Deploy time

Service
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Requirements:

Request

XML

SOAP
Response

Runtime
execution
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UDDI Technology

e Universal Description, Discovery and Integration
of Web Services

e Sponsored by the OASIS organization

e Supports the ability to register and find services
on the internet

— Service Providers register/publish services including
WSDL file along with searchable attributes

— Potential clients search UDDI registries to retrieve
WSDL suiting their service needs

e Resource: http://www.uddi.org

UDDI is the least accepted of the SOAP, WSDL, UDDI
triangle. It is overly complex, and over burdened by a lot of
business level aspects (e.g., descriptions of a business).




UDDI Overview
UDDI API's

e Defined by — what else by — WSDL files
— UDDI services are Web Services !

 Register/publish web services API
— Regqister WSDL for publishing
— Major operations: save_service, save_binding, ...

* Inquire for web services API
— Inquire_ WSDL for inquiring

— Major inquire operations: find_business, find_service,
find_binding, get_binding_detail,get_service detall, ...




UDDI Overview
UDDI Registries online

 Public UDDI Business Registry (UBR) Nodes
available from
— |IBM
* Inquiry API
— http://uddi.ibm.com/testregistry/inquiryapi

* Publish API
— https.//uddi.ibm.com/testregistry/publishapi

— Microsoft ...
— SAP ...

 Test UBRs sponsored by these and other
organizations




UDDI Overview
Sample UDDI Reqgistry Listing

©#® Orbix E2A Business Registry Manager for JAXR/UDDI¥Z Version 5.4 Build 220021010-1851 - |EI|£|
File Tasks Help

Current Registry:  Orhix E24 UDDI Business Registry Service

[ﬁ’ﬁﬂgiﬂr}r Listings | View Service || (D lish b oy e Sapuie s

Search Registry by Organization Name (% is wildcard) Service AttachmentAppService
%| Nizre AttachmentAdppService

Search Description This example demonstrates how to write a VWeb
Search Results: service that handles a S0AP message with

attachments.

| »

@ I TransformService

@ [[fJ BrokerService

& [fJ FinanceSerice

@ [[[J ElectricityService

& I KnowledgeBaseSerice

& I ChainService

@ 15 LiveEjhService

@ I InterapTest! 9995ervice

& I AttachmentappService

& I3 FarmsAndRegalSerice

& [[fJ DeliveryConfirmationService
& [0 UDDIRegistryService

& ) DomesticCalculatarService
& Iy CarShopFlowService

@ I 10MAWarehouseService

@ I 10MAYWarehouseService

@ I 1I0MASupplierService

@ I I0MASupplierSerice

& [ IOMACTreditBureauService =

Service
Bindings
D sodpbion S0AP hinding for AttachmentiAppService

AccessLiRr hitp: Alocalhost 8080&mlbusiattachmentsppiattachm
entéppservcesAtachmentippP ot




Correlating the WS Standards
Web Services Interoperability Organization (WS-I)

 Web Services depend heavily on agreed-upon standards
(XML, SOAP, WSDL, etc.) that are relatively independent
of each other

« Keeping up with the changes and nuances that exist
among these is difficult and time-consuming

 WS-| has the mission of doing this for the IT industry
— advising on how to use these WS standards appropriately and
interoperably
* Primary deliverables:

— Basic Profile 1.0: this supplies advice about which combinations
of the standards should be used together, and which features
should be avoided or emphasized from each standard

— Test Tools for verifying compliance with the Basic Profile
— Sample Applications for assisting others in building compliant
systems

e Visit http://ws-l.org/ for more details ...




Conclusions

 Web Service technologies allow the exchange of XML
documents
— XML, XML Schema define data to be exchanged
— SOAP is the protocol used for the exchange of the data
— WSDL specifies the details of services, messages, and endpoints
— UDDI supports the publishing and locating of services

 The platform-, OS-, programming language-neutral
aspects of Web Services allow heterogeneous
environments to interoperate easily

e Defining the information/data structures/messages is
central to the overall process

— Utilize the XML Schema and WSDL types facilities to represent
your data appropriately

— Let development tools provide automatic mappings between
programming language structures and Web Services structures



Participants in a Web Services
Environment: Review

Discovery
Agencies

XML documents

within

2: Find 1: Publish

SOAP messages
defined by

WSDL

discovered via

UDDI
3: Interact




