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Outline

 XML binding APIs
 Java: JAXB

 .NET: WCF DataContract

 Web service APIs
 Java: JAX-WS

 .NET: WCF ServiceContract
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WSDL = Web Services Description Language
SOAP = Simple Object Access Protocol
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JAXB
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JAXB

 Java Architecture for XML Binding

 Strongly typed mapping between:
 Java classes and XSD

 Java objects+values and XML

 Easy to use

 But:
 only a limited subset of XSD is supported

 e.g. restriction is not supported
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JAXB

 Why?
 XML handling before: SAX, DOM

 SAX: event-driven, serial access, fast, small memory footprint

 DOM: builds a tree representation in memory, the tree is 
changeable, and can be validated

 Problems:
 they are too general

 access is not statically typed

 no compile-time check

Dr. Balázs Simon, BME, IIT 6



JAXB

 Mapping between XML and Java

 Using java annotations

 Model:
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Atomic type mapping

XML Schema Java

string java.lang.String
boolean boolean
byte byte
short short
int int
long long
float float
double double
integer java.math.BigInteger
decimal java.math.BigDecimal
unsignedByte short
unsignedShort int
unsignedInt long
base64Binary byte[]
hexBinary byte[]
date java.util.Date
time java.util.Date
dateTime java.util.Calendar
QName javax.xml.namespace.QNameDr. Balázs Simon, BME, IIT 8



JAXB Annotations

 @XmlSchema
 used on packages

 maps to XSD schema

 @XmlType
 used on classes

 maps to XSD complexType

 @XmlRootElement
 used together with @XmlType on a class

 indicates that the type can be the root element of an XML

 Required for the root element on serialization!
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JAXB Annotations

 @XmlEnum
 used on enum types

 maps to XSD string

 @XmlEnumValue
 used on enum values

 maps to XSD string restriction

 @XmlElement/@XmlAttribute
 used on properties (getter-setter) or fields

 maps to XSD element/attribute
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@XmlSchema
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@javax.xml.bind.annotation.XmlSchema(
namespace = "http://www.iit.bme.hu/~soi/xmlwsapi", 
elementFormDefault = 

javax.xml.bind.annotation.XmlNsForm.QUALIFIED)
package soixmlwsapi;

package-info.java:



@XmlType
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@XmlAccessorType(XmlAccessType.FIELD)
@XmlType
public class Complex {

@XmlElement
private double re;
@XmlElement
private double im;

// getters & setters...
}

XSD:
<xs:element name="complex"

nillable="true"
type="tns:complex"/>

<xs:complexType name="complex">
<xs:sequence>
<xs:element name="re"

type="xs:double"/>
<xs:element name="im"

type="xs:double"/>
</xs:sequence>

</xs:complexType>

XML:
<complex>
<re>3.1</re>
<im>4.7</im>

</complex>



@XmlType, @XmlElement

Dr. Balázs Simon, BME, IIT 13

@XmlAccessorType(XmlAccessType.FIELD)
@XmlType(name = "Complex", propOrder = {

"re",
"im"

})
public class Complex {

@XmlElement(name = "Re", 
required = true, 
nillable = false)

protected double re;

@XmlElement(name = "Im", 
required = true, 
nillable = false)

protected double im;

// getters & setters...
}

XSD:
<xs:element name="Complex"

nillable="true"
type="tns:Complex"/>

<xs:complexType name="Complex">
<xs:sequence>
<xs:element name="Re"

type="xs:double"/>
<xs:element name="Im"

type="xs:double"/>
</xs:sequence>

</xs:complexType>

XML:
<Complex>
<Re>3.1</Re>
<Im>4.7</Im>

</Complex>



@XmlType, @XmlElement for lists
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@XmlAccessorType(XmlAccessType.FIELD)
@XmlType(name = "DoubleList", propOrder = {

"values"
})
public class DoubleValues {
@XmlElement(name = "value", 
type = Double.class, 
nillable = true)

protected List<Double> values;

public List<Double> getValues() {
if (values == null) {

values = new ArrayList<Double>();
}
return this.values;

}
}

XSD:
<xs:element name="DoubleList"

nillable="true"
type="tns:DoubleList"/>

<xs:complexType
name="DoubleList">
<xs:sequence>
<xs:element minOccurs="0"

maxOccurs="unbounded"
name="value"
type="xs:double"/>

</xs:sequence>
</xs:complexType>

XML:
<DoubleList>
<value>3.1</value>
<value>8.7</value>
<value>4.6</value>

</DoubleList>



@XmlEnum
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@XmlEnum
public enum Colors {

@XmlEnumValue(value = "Red")
RED,
@XmlEnumValue(value = "Green")
GREEN,
@XmlEnumValue(value = "Blueish")
BLUE

}

XSD:
<xs:element name="Colors" nillable="true" type="tns:Colors"/>
<xs:simpleType name="Colors">
<xs:restriction base="xs:string">
<xs:enumeration value="Red"/>
<xs:enumeration value="Green"/>
<xs:enumeration value="Blueish"/>

</xs:restriction>
</xs:simpleType>

XML:
<Colors>Green</Colors>



@XmlRootElement
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@XmlRootElement
@XmlAccessorType(XmlAccessType.FIELD)
@XmlType
public class Complex {

@XmlElement
private double re;
@XmlElement
private double im;

// getters & setters...
}



Marshalling
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// Creating the object to serialize:
Complex complex = new Complex();
complex.setRe(3.1);
complex.setIm(4.7);

// Creating the marshaller:
JAXBContext ctx = JAXBContext.newInstance(Complex.class);
Marshaller marshaller = ctx.createMarshaller();
// Formatting the output XML:
marshaller.setProperty(Marshaller.JAXB_FORMATTED_OUTPUT, true);

// Creating an file stream:
FileOutputStream os = new FileOutputStream("complex.xml");
// Writing the Complex object:
marshaller.marshal(complex, os);
// Closing the file stream:
os.close();



Unmarshalling
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// Creating the unmarshaller:
JAXBContext ctx = JAXBContext.newInstance(Complex.class);
Unmarshaller unmarshaller = ctx.createUnmarshaller();

// Creating an file stream:
FileInputStream is = new FileInputStream("complex.xml");

// Reading the Complex object:
Complex complex = (Complex)unmarshaller.unmarshal(is);

// Closing the file stream:
is.close();



JDK Tools

 xjc
 generates @XmlType classes from XSD

 part of the JDK
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WCF DataContract
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WCF DataContract

 Strongly typed mapping between:
 .NET classes and XSD

 .NET objects+values and XML

 Fast, easy to use

 But:
 only a limited subset of XSD is supported

 e.g. attributes, restrictions are not supported
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XmlSerializer

 The equivalent of JAXB in .NET

 Supports XML attributes

 More customizable than DataContract

 But more complex and slower

 Recommendation:
 use DataContract if possible

 use XmlSerializer if more customization is required

Dr. Balázs Simon, BME, IIT 22



Atomic type mapping in WCF DataContract

XML Schema C#

string string
boolean bool
byte byte
short short
int int
long long
float float
double double
integer long
decimal decimal
unsignedByte short
unsignedShort int
unsignedInt long
base64Binary byte[]
hexBinary string
date string
time string
dateTime DateTime
QName XmlQualifiedNameDr. Balázs Simon, BME, IIT 23



WCF DataContract Attributes

 [DataContract]
 used on a class or enum

 maps to an XSD sequence complexType

 [DataMember]
 used on a field or property

 maps to XSD element

 [EnumMember]
 used on an enum value

 maps to XSD string restriction

 [CollectionDataContract]
 used on a class inherited from a collection

 maps to a list of elements wrapped in another element
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[DataContract], [DataMember]
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[DataContract]
public class Complex
{
[DataMember]
public double Re { get; set; }
[DataMember]
public double Im { get; set; }

}

XSD:
<xs:element name="Complex" nillable="true"

type="tns:Complex"/>
<xs:complexType name="Complex">
<xs:sequence>
<xs:element minOccurs="0" name="Im"

type="xs:double"/>
<xs:element minOccurs="0" name="Re"

type="xs:double"/>
</xs:sequence>

</xs:complexType>

XML:
<Complex>
<Im>4.7</Im>
<Re>3.1</Re>

</Complex>



[DataContract], [DataMember]
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[DataContract(Name = "complex",
Namespace = "http://www.iit.bme.hu/~soi/xmlwsapi")]

public class Complex
{

[DataMember(Name = "re", Order = 0, IsRequired = true)]
public double Re { get; set; }
[DataMember(Name = "im", Order = 1, IsRequired = true)]
public double Im { get; set; }

}

XSD:
<xs:element name="complex" nillable="true"

type="tns:complex"/>
<xs:complexType name="complex">
<xs:sequence>
<xs:element name="re" type="xs:double"/>
<xs:element name="im" type="xs:double"/>

</xs:sequence>
</xs:complexType>

XML:
<complex>
<re>3.1</re>
<im>4.7</im>

</complex>



[CollectionDataContract]
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[CollectionDataContract(Name = "DoubleList", ItemName = "value",
Namespace = "http://www.iit.bme.hu/~soi/xmlwsapi")]

public class DoubleValues : List<double>
{
}

XSD:
<xs:element name="DoubleList"

nillable="true"
type="tns:DoubleList"/>

<xs:complexType name="DoubleList">
<xs:sequence>
<xs:element minOccurs="0" maxOccurs="unbounded"

name="value" type="xs:double"/>
</xs:sequence>

</xs:complexType>

XML:
<DoubleList>
<value>3.1</value>
<value>8.7</value>
<value>4.6</value>

</DoubleList>



[EnumMember]
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[DataContract]
public enum Colors
{

[EnumMember]
Red,
[EnumMember]
Green,
[EnumMember(Value = "Blueish")]
Blue

}

XSD:
<xs:element name="Colors" nillable="true" type="tns:Colors"/>
<xs:simpleType name="Colors">
<xs:restriction base="xs:string">
<xs:enumeration value="Red"/>
<xs:enumeration value="Green"/>
<xs:enumeration value="Blueish"/>

</xs:restriction>
</xs:simpleType>

XML:
<Colors>Green</Colors>



Serialization
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// Creating the object to serialize:
Complex complex = new Complex();
complex.Re = 3.1;
complex.Im = 4.7;

// Creating the serializer:
var dcs = new DataContractSerializer(typeof(Complex));
// Formatting the output XML:
var settings = new XmlWriterSettings { Indent = true };
// Creating an XML writer:
using (var writer = XmlWriter.Create(@"complex.xml", settings))
{

// Output the XML preamble:
writer.WriteStartDocument();
// Writing the Complex object:
dcs.WriteObject(writer, complex);

}



Deserialization
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// Creating the serializer:
var dcs = new DataContractSerializer(typeof(Complex));
// Creating an XML reader:
using (var reader = XmlReader.Create(@"complex.xml"))
{

// Reading the Complex object:
Complex complex = (Complex)dcs.ReadObject(reader);

}



.NET Tools

 SvcUtil.exe
 generates DataContract classes from XSD

 it will throw errors if the XSD cannot be mapped to DataContract

 xsd.exe
 generates XmlSerializer classes from XSD
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JAX-WS
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JAX-WS

 Java API for XML-based Web Services

 Goal:
 Mapping between SOAP web services and Java

 Uses Java annotations

 Does not cover WS-* protocols

 Implementations:
 Apache CXF (recommended)

 Apache Axis2

 Oracle WebLogic, Sun Metro

 JBoss: uses Apache CXF

 IBM: built on Apache Axis2
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JAX-WS Annotations

 @WebService
 used on an interface or class

 defines the contract or implementation

 @WebMethod
 used on a method

 defines a published operation

 @WebParam
 used on a method parameter

 defines the parameter name
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JAX-WS Annotations

 @OneWay
 used on a method

 indicates that the operation is one-way

 @WebFault
 used on an exception class

 defines a web service fault
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@WebService, @WebMethod
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@WebService
public interface ICalculator {

@WebMethod
double add(double left, double right);
@WebMethod
double multiply(double left, double right);

}



Implementation
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@WebService(endpointInterface="soixmlwsapi.ICalculator")
public class Calculator implements ICalculator {

public double add(double left, double right) {
return left+right;

}

public double multiply(double left, double right) {
return left*right;

}
}



@WebService, @WebMethod, @WebParam
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@WebService(targetNamespace = "http://www.iit.bme.hu/~soi/xmlwsapi")
public interface ICalculator {

@WebMethod(operationName="Add")
double add(@WebParam(name="Left")  double left, 

@WebParam(name="Right") double right);
}

@WebService(targetNamespace = "http://www.iit.bme.hu/~soi/xmlwsapi", 
endpointInterface="soaxmlwsapi.ICalculator", 
wsdlLocation="WEB-INF/wsdl/Calculator.wsdl")

public class Calculator implements ICalculator {
// ...

}



@OneWay
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// Service interface:
@WebService
public interface ICalculatorAsync {

@Oneway
@WebMethod
void AddAsync(double left, double right);

}

// Client callback interface:
@WebService
public interface ICalculatorCallback {

@Oneway
@WebMethod
void AddCallback(double result);

}



@WebFault: @XmlType
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@XmlAccessorType(XmlAccessType.FIELD)
@XmlType(name = "MathFault", propOrder = {

"errorCode",
"errorMessage"

})
public class MathFault {

@XmlElement(name = "ErrorCode", required = true, 
nillable = false)

protected int errorCode;

@XmlElement(name = "ErrorMessage", required = true, 
nillable = true)

protected String errorMessage;

// getters & setters...
}



@WebFault: exception
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@WebFault(name = "MathFault", 
targetNamespace = "http://www.iit.bme.hu/~soi/xmlwsapi")

public class MathException extends Exception {
private MathFault faultInfo;
public MathException(String message, MathFault faultInfo) {

super(message);
this.faultInfo = faultInfo;

}
public MathFault getFaultInfo() {

return faultInfo;
}

}



@WebFault: interface
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@WebService
public interface ICalculator {

@WebMethod
double divide(double left, double right) 

throws MathException;
}



Publish on a server (CXF)
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Java sources
(+generated files)

WSDL+XSD

CXF configuration



CXF configuration
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<beans xmlns='http://www.springframework.org/schema/beans'
xmlns:xsi='http://www.w3.org/2001/XMLSchema-instance' 
xmlns:beans='http://www.springframework.org/schema/beans'
xmlns:jaxws='http://cxf.apache.org/jaxws' 
xmlns:cxf="http://cxf.apache.org/core"
xmlns:http='http://cxf.apache.org/transports/http/configuration'
xsi:schemaLocation='http://www.springframework.org/schema/beans

http://www.springframework.org/schema/beans/spring-beans.xsd
http://cxf.apache.org/jaxws
http://cxf.apache.org/schemas/jaxws.xsd
http://cxf.apache.org/core 
http://cxf.apache.org/schemas/core.xsd

'>
<jaxws:endpoint id="Calculator" implementor="soaxmlwsapi.Calculator"/>

</beans>



Publish as a console application
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Endpoint.publish("http://localhost:1234/Calculator", 
new Calculator());



JDK Tools

 wsimport
 generates client code from a WSDL

 generated code:
 @XmlType classes from XSD

 @WebService interface from <portType> and <binding>

 a client proxy factory class for retrieving a proxy object implementing the 
@WebService interface

 Can be used on the server side for top-down development
 only the client proxy factory has to be omitted

 other generated files are important on the server side, too
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Client
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try {
// Create client proxy factory:
CalculatorService service = new CalculatorService();
// Get the client proxy object:
ICalculator calculator = 

service.getICalculatorBasicHttpBindingPort();
// Use the service:
double addResult = calculator.add(3.1, 4.7);
double divideResult = calculator.divide(3.1, 4.7);

} catch (MathException e) {
e.printStackTrace();

}



Dynamic address
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try {
// The new service address:
String addr = "http://localhost:1234/Calculator";
// Create client proxy factory:
CalculatorService service = new CalculatorService();
// Get the client proxy object:
ICalculator calculator = 

service.getICalculatorBasicHttpBindingPort();
// Set the new address:
BindingProvider bp = (BindingProvider)calculator;
bp.getRequestContext().put(BindingProvider.ENDPOINT_ADDRESS_PROPERTY, 

addr);
// Use the service:
double addResult = calculator.add(3.1, 4.7);
double divideResult = calculator.divide(3.1, 4.7);

} catch (MathFault e) {
e.printStackTrace();

}



WCF
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WCF

 Windows Communication Foundation (since .NET 3.0)

 Goal:
 Simple implementation of web services

 Mapping between web services and .NET classes

 Uses .NET Attributes

 Similar to JAX-WS

 Supports WS-* standards
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WCF Attributes

 [ServiceContract]
 used on an interface

 defines the contract

 [OperationContract]
 used on a method

 defines an operation

 [OperationContract(IsOneWay=true)]
 for one-way operations

 [FaultContract]
 used on a method

 indicates a fault that can be thrown
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[ServiceContract], [OperationContract]

Dr. Balázs Simon, BME, IIT 52

[ServiceContract]
public interface ICalculator
{

[OperationContract]
double Add(double left, double right);
[OperationContract]
double Multiply(double left, double right);

}



Implementation
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public class Calculator : ICalculator
{

public double Add(double left, double right)
{

return left + right;
}

public double Multiply(double left, double right)
{

return left * right;
}

}



[OperationContract(IsOneWay=true)]
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// Service interface:
[ServiceContract(CallbackContract=typeof(ICalculatorCallback))]
public interface ICalculatorAsync
{

[OperationContract(IsOneWay = true)]
void AddAsync(double left, double right);

}

// Client callback interface:
[ServiceContract]
public interface ICalculatorCallback
{

[OperationContract(IsOneWay = true)]
void AddCallback(double result);

}



Implementation
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public class CalculatorAsync
{

private ICalculatorCallback GetClient()
{

OperationContext ctx = OperationContext.Current;
return ctx.GetCallbackChannel<ICalculatorCallback>();

}

public void AddAsync(double left, double right)
{

var client = this.GetClient();
double result = left + right;
client.AddCallback(result);

}
}



[FaultContract]
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[DataContract]
public class MathFault
{

[DataMember]
public string ErrorMessage { get; set; }
[DataMember]
public int ErrorCode { get; set; }

}

[ServiceContract]
public interface ICalculator
{

[OperationContract]
[FaultContract(typeof(MathFault))]
double Divide(double left, double right);

}



Implementation
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public class Calculator : ICalculator
{

public double Divide(double left, double right)
{

if (right == 0)
{

throw new FaultException<MathFault>(
new MathFault()
{

ErrorCode = 13,
ErrorMessage = "Division by zero."

});
}
return left / right;

}
}



Publish on an IIS server
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<%@ ServiceHost Language="C#"
Service="SoiXmlWsApi.Calculator"
CodeBehind="~/App_Code/Calculator.cs" %>

Implementation

Interface

Configuration



Publish as a console application
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using (ServiceHost serviceHost = 
new ServiceHost(typeof(Calculator)))

{
// Open the ServiceHost to start listening for messages.
serviceHost.Open();

// The service can now be accessed.
Console.WriteLine("The service is ready.");
Console.WriteLine("Press <ENTER> to terminate service.");
Console.ReadLine();

// Close the ServiceHost.
serviceHost.Close();

}



App.config & web.config
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<configuration>
<system.serviceModel>
<behaviors>
<serviceBehaviors>

<behavior name="">
<serviceMetadata httpGetEnabled="true"/>
<serviceDebug includeExceptionDetailInFaults="false"/>

</behavior>
</serviceBehaviors>

</behaviors>
<serviceHostingEnvironment multipleSiteBindingsEnabled="true"/>

</system.serviceModel>
</configuration>

Publish the WSDL



.NET Tools

 SvcUtil.exe
 Visual Studio: Add Service Reference...

 generates client code from a WSDL

 generated code:
 DataContract classes from XSD

 ServiceContract interface from <portType>

 App.config from <binding> and <service>

 a client proxy class implementing the ServiceContract interface

 Can be used on the server side for top-down development
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Client
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try
{

CalculatorClient client = new CalculatorClient();
double addResult = client.Add(3.1, 4.7);
double divideResult = client.Divide(3, 0);

}
catch(FaultException<MathFault> mf)
{

Console.WriteLine(mf);
}



Dynamic address
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try
{

// The new address of the service:
var addr = new EndpointAddress("http://localhost/Calculator");
// The name of the endpoint configuration in App.config
var endpConfigName = "SoaXmlWsApi.Calculator";
// Call a non-default constructor:
var client = new CalculatorClient(endpConfigName, addr);
// Use the service:
double addResult = client.Add(3.1, 4.7);
double divideResult = client.Divide(3, 0);

}
catch(FaultException<MathFault> mf)
{

Console.WriteLine(mf);
}



Summary
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