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Outline

 JSON binding APIs
 Java: JAXB

 .NET: WCF DataContract

 REST APIs
 Java: JAX-RS

 .NET: WCF ServiceContract
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JAXB
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JAXB

 Java Architecture for XML Binding

 Java annotations

 Strongly typed mapping between:
 Java classes and XSD

 Java objects+values and XML

 Can be used for JSON binding
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JAXB Annotations

 @XmlSchema
 used on packages

 use the empty XML namespace with JSON!

 @XmlType
 used on classes

 maps to JSON object

 @XmlRootElement
 used together with @XmlType on a class

 indicates that the type can be the root element of a JSON

 Required for the root element on serialization!
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JAXB Annotations

 @XmlEnum
 used on enum types

 maps to a JSON string

 @XmlEnumValue
 used on enum values

 maps to a JSON string

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

 maps to a JSON attribute
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@XmlSchema
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@javax.xml.bind.annotation.XmlSchema(
namespace = "", 
elementFormDefault = 

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

package-info.java:
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@XmlType
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@XmlAccessorType(XmlAccessType.FIELD)
@XmlType
public class Complex {

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

// getters & setters...
}

JSON:
{"complex":{"re":3.1,"im":4.7}}
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@XmlType, @XmlSeeAlso for lists
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@XmlRootElement
@XmlAccessorType(XmlAccessType.FIELD)
@XmlType(name = "ComplexList", propOrder = {

"values"
})
@XmlSeeAlso(Complex.class)
public class ComplexValues {
@XmlElement(name = "value", 
type = Complex.class, 
nillable = true)

protected List<Complex> values;

public List<Complex> getValues() {
if (values == null) {
values = new ArrayList<Complex>();

}
return this.values;

}
}

JSON:
{ "complexValues": { 

"value": [
{ "@type": "complex", 
"re": 3.1, 
"im": 4.7 },

{ "@type": "complex", 
"re": 3.1, 
"im": 4.7 }, 

{ "@type": "complex", 
"re": 3.1, 
"im": 4.7 } 

]
}
}
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@XmlEnum
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@XmlEnum
public enum Colors {

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

}
@XmlAccessorType(XmlAccessType.FIELD)
@XmlType
public class Lamp {

@XmlElement
private Colors color;
// getters & setters...

}

JSON:
{"lamp":{"color":"Green"}}
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@XmlRootElement
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@XmlRootElement
@XmlAccessorType(XmlAccessType.FIELD)
@XmlType
public class Complex {

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

// getters & setters...
}
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Serialization and deserialization

 JAX-RS automatically handles JSON serialization on the 
server side

 No standard API for standalone applications
 use a third party library

 e.g. Jettison
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Marshalling
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// Creating the object to serialize:
Complex complex = new Complex(); complex.setRe(3.1); complex.setIm(4.7);
// Creating the file stream:
FileOutputStream os = new FileOutputStream("complex.json");
// Jettison namespace mapping:
Configuration config = new Configuration();
MappedNamespaceConvention con = new MappedNamespaceConvention(config);
config.getXmlToJsonNamespaces().

put("http://www.w3.org/2001/XMLSchema-instance", "");
Writer writer = new OutputStreamWriter(os);
// Using Jettison for JSON serialization:
XMLStreamWriter xmlStreamWriter = new MappedXMLStreamWriter(con, writer);
// Creating the marshaller:
JAXBContext jc = JAXBContext.newInstance(Complex.class);
Marshaller marshaller = jc.createMarshaller();
// Writing the Complex object:
marshaller.marshal(complex, xmlStreamWriter);
// Closing the stream:
xmlStreamWriter.close();
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Unmarshalling
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// Loading the contents of the file into a string:
byte[] encoded = Files.readAllBytes(Paths.get("complex.json"));
String json = new String(encoded, "UTF8");
// Creating a Jettison JSONObject:
JSONObject obj = new JSONObject(json);
// Jettison namespace mapping:
Configuration config = new Configuration();
MappedNamespaceConvention con = new MappedNamespaceConvention(config);
// Using Jettison for JSON deserialization:
XMLStreamReader xmlStreamReader = new MappedXMLStreamReader(obj, con);
// Creating the unmarshaller:
JAXBContext jc = JAXBContext.newInstance(Complex.class);
Unmarshaller unmarshaller = jc.createUnmarshaller();
// Reading the Complex object:
Complex complex = (Complex) unmarshaller.unmarshal(xmlStreamReader);
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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

 Can be used for JSON
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WCF DataContract Attributes

 [DataContract]
 used on a class or enum

 maps to a JSON object

 [DataMember]
 used on a field or property

 maps to a JSON attribute

 [EnumMember]
 used on an enum value

 maps to an integer value

 [CollectionDataContract]
 used on a class inherited from a collection

 maps to a JSON array
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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; }

}

JSON:
{"Im":4.7,"Re":3.1}
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[CollectionDataContract]
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[CollectionDataContract]
public class ComplexValues : List<Complex>
{
}

JSON:
[{"Im":4.7,"Re":3.1},
{"Im":5.6,"Re":3.9},
{"Im":1.33,"Re":5.34}]
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[EnumMember]
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[DataContract]
public enum Colors
{

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

}

[DataContract]
public class Lamp
{

[DataMember]
public Colors Color { get; set; }

}

JSON (for Blue):
{"Color":2}
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Serialization
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// Creating the object to serialize:
var complex = new Complex();
complex.Re = 3.1;
complex.Im = 4.7;
// Creating the serializer:
var dcjs = new DataContractJsonSerializer(typeof(Complex));
// Creating the file:
using (FileStream file = 

new FileStream("complex.json", FileMode.Create))
{

// Writing the Complex object:
dcjs.WriteObject(file, complex);

}



Deserialization
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// Creating the serializer:
var dcjs = new DataContractJsonSerializer(typeof(Complex));
// Opening the file:
using (FileStream file = 

new FileStream("complex.json", FileMode.Open))
{

// Reading the Complex object:
Complex complex = (Complex)dcjs.ReadObject(file);

}



JAX-RS
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JAX-RS

 Java API for RESTful Web Services

 Goal:
 Mapping between RESTful web services and Java

 Uses Java annotations

 Implementations:
 Apache CXF

 Oracle WebLogic, Sun Jersey

 JBoss: RESTeasy

 IBM: WebSphere
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JAX-RS Annotations

 @Path
 used on a class or method

 specifies a relative path
 from the web application root for the REST application resource

 from the REST application resource to the class or method

 @GET, @PUT, @POST, @DELETE, @HEAD
 used on a class or method

 specifies the HTTP request method to be used to invoke the 
methods

25Dr. Balázs Simon, BME, IIT



JAX-RS Annotations

 @Consumes, @Produces
 used on a class or method

 specifies the format of the input and output data

 @PathParam, @QueryParam, @MatrixParam, 
@HeaderParam, @CookieParam, @FormParam
 used on a parameter

 defines how the input parameters of the method are passed in 
the request
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Publish on a server
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WEB configuration

Java sources
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web.xml
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<?xml version="1.0" encoding="UTF-8"?>
<web-app ...>

...
<servlet-mapping>
<servlet-name>javax.ws.rs.core.Application</servlet-name>
<url-pattern>/*</url-pattern>

</servlet-mapping>
</web-app>
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Query parameters
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@Path("calculator")
public interface ICalculator {
@GET
@Path("add")
double add(@QueryParam("left") double left, 

@QueryParam("right") double right);
@GET
@Path("multiply")
double multiply(@QueryParam("left") double left, 

@QueryParam("right") double right);
}

http://localhost:8080/SoiApp/calculator/add?left=5&right=8
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Form parameters
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@Path("calculator")
public interface ICalculator {
@POST
@Path("add")
double add(@FormParam("left") double left, 

@FormParam("right") double right);
@POST
@Path("multiply")
double multiply(@FormParam("left") double left, 

@FormParam("right") double right);
}

http://localhost:8080/SoiApp/calculator/add
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Path parameters
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@Path("calculator")
public interface ICalculator {
@GET
@Path("add/{left}/{right}")
double add(@PathParam("left") double left, 

@PathParam("right") double right);
@GET
@Path("multiply/{left}/{right}")
double multiply(@PathParam("left") double left, 

@PathParam("right") double right);
}

http://localhost:8080/SoiApp/calculator/add/5/8
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Body parameters
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@Path("calculator")
public interface ICalculator {
@POST
@Path("add")
double add(String body);
@POST
@Path("multiply")
double multiply(LeftAndRight body);

}

http://localhost:8080/SoiApp/calculator/add
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JAXB annotated

String



Implementation

33

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;

}
}
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Exceptions: the easy way

34

public class Calculator implements ICalculator {
@Override
public double divide(double left, double right) {
if (right == 0) {

throw new WebApplicationException(
Response.Status.BAD_REQUEST);

}
return left / right;

}
}
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Exceptions: custom exception
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public class MathException extends WebApplicationException {
public MathException(String message) {

super(Response.status(Response.Status.BAD_REQUEST)
.entity(message).type(MediaType.TEXT_PLAIN).build());

}
}

public class Calculator implements ICalculator {
@Override
public double divide(double left, double right) {

if (right == 0) {
throw new MathException("Division by zero.");

}
return left / right;

}
}
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XML format
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@Path("calculator")
public interface ICalculator {
@POST
@Path("add")
@Consumes(MediaType.APPLICATION_XML)
@Produces(MediaType.APPLICATION_XML)
double add(@FormParam("left") double left, 

@FormParam("right") double right);
}
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JSON format
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@Path("calculator")
public interface ICalculator {
@POST
@Path("add")
@Consumes(MediaType.APPLICATION_JSON)
@Produces(MediaType.APPLICATION_JSON)
double add(@FormParam("left") double left, 

@FormParam("right") double right);
}
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XML and JSON format
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@Path("calculator")
public interface ICalculator {
@POST
@Path("add")
@Consumes({MediaType.APPLICATION_XML,

MediaType.APPLICATION_JSON})
@Produces({MediaType.APPLICATION_XML,

MediaType.APPLICATION_JSON})
double add(@FormParam("left") double left, 

@FormParam("right") double right);
}
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Other format
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@Path("calculator")
public interface ICalculator {
@POST
@Path("add")
@Produces("text/plain")
double add(@FormParam("left") double left, 

@FormParam("right") double right);
}
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REST client

 No standard API

 Use a third party library
 e.g. RESTeasy from JBoss

 RESTeasy:
 provides untyped access using the builder design pattern

 provides typed access using a Java interface annotated with JAX-
RS annotations
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RESTeasy client
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ResteasyClient client = new ResteasyClientBuilder().build();
ResteasyWebTarget target = client.target(

"http://localhost:8080/SoiApp/");

ICalculator calculator = target.proxy(ICalculator.class);
calculator.add(5,8);
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WCF
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WCF

 Windows Communication Foundation (since .NET 3.0)

 Goal:
 General communication technology for .NET

 Web services, REST, WebSockets, ...

 Uses .NET Attributes
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General WCF Attributes

 [ServiceContract]
 used on an interface

 defines the contract

 [OperationContract]
 used on a method

 defines an operation

 [FaultContract]
 used on a method

 indicates a fault that can be thrown
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Additional WCF Attributes for REST

 [WebGet]
 used on a method

 means HTTP GET

 [WebInvoke]
 used on a method

 by default it means HTTP POST

 [WebInvoke(Method=“PUT”)]
 means HTTP PUT

 [WebInvoke(Method=“DELETE”)]
 means HTTP DELETE
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Additional WCF Attributes for REST

 UriTemplate:
 a property of WebGet and WebInvoke

 specifies the relative URI template of the method

 e.g. parameters can be passed as part of the URL path

 Examples:
 [WebGet(UriTemplate=“/calculator/add”)]

 [WebInvoke(UriTemplate=“/person/insert”)]

 [WebInvoke(UriTemplate=“/person/delete/{id}”, 
Method=“DELETE”)]
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Query parameters
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[ServiceContract]
public interface ICalculator
{

[OperationContract]
[WebGet(UriTemplate=

"add?left={left}&right={right}")]
double Add(double left, double right);
[OperationContract]
[WebGet(UriTemplate = 

"multiply?left={left}&right={right}")]
double Multiply(double left, double right);

}

http://localhost/SoiApp/Calculator.svc/add?left=5&right=8



Form parameters
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[ServiceContract]
public interface ICalculator
{

[OperationContract]
[WebGet(UriTemplate = "add", 

BodyStyle = WebMessageBodyStyle.Wrapped)]
double Add(double left, double right);
[OperationContract]
[WebInvoke(UriTemplate = "multiply", 

BodyStyle = WebMessageBodyStyle.Bare)]
double Multiply(double left);

}

<Add>
<left>5</left>
<right>8</right>

</Add>

<left>5</left>
Only one parameter allowed!

http://localhost/SoiApp/Calculator.svc/add



Path parameters
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[ServiceContract]
public interface ICalculator
{
[OperationContract]
[WebGet(UriTemplate="add/{left}/{right}")]
double Add(string left, string right);
[OperationContract]
[WebGet(UriTemplate="multiply/{left}/{right}")]
double Multiply(string left, string right);

}

http://localhost/SoiApp/Calculator.svc/add/5/8

must be string



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;
}

}
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[FaultContract]
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[DataContract]
public class MathError
{

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

}

[ServiceContract]
public interface ICalculator
{

[OperationContract]
[FaultContract(typeof(MathError))]
[WebInvoke(UriTemplate = "divide")]
double Divide(double left, double right);

}
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Implementation
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public class Calculator : ICalculator
{

public double Divide(double left, double right)
{

if (right == 0)
{

throw new WebFaultException<MathError>(
new MathError()
{

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

},
HttpStatusCode.InternalServerError);

}
return left / right;

}
}
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Publish on an IIS server
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<%@ ServiceHost Language="C#"
Service="SoiApp.Calculator“
Factory="System.ServiceModel.Activation.

WebServiceHostFactory"
CodeBehind="~/App_Code/Calculator.cs" %>

Implementation

Interface

Configuration
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Publish as a console application
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using (WebServiceHost serviceHost = 
new WebServiceHost(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();

}
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XML format
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[ServiceContract]
public interface ICalculator
{

[OperationContract]
[WebInvoke(UriTemplate = "multiply",

BodyStyle = WebMessageBodyStyle.Wrapped,
RequestFormat = WebMessageFormat.Xml,
ResponseFormat = WebMessageFormat.Xml)]

double Multiply(double left, double right);
}

<Multiply>
<left>5</left>
<right>8</right>

</Multiply>

<MultiplyResponse>
<MultiplyResult>40</MultiplyResult>

</MultiplyResponse>
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JSON format
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[ServiceContract]
public interface ICalculator
{

[OperationContract]
[WebInvoke(UriTemplate = "multiply",

BodyStyle = WebMessageBodyStyle.Wrapped,
RequestFormat = WebMessageFormat.Json,
ResponseFormat = WebMessageFormat.Json)]

double Multiply(double left, double right);
}

{
left: 5,
right: 8

}

{"MultiplyResult": 40}
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Client

57

// Creating a factory for the App.config endpoint
// named "CalculatorEndpoint":
var factory = 

new ChannelFactory<ICalculator>("CalculatorEndpoint",
new EndpointAddress(

"http://localhost/SoiApp/Calculator.svc"));
// Creating the proxy object:
ICalculator calculator = factory.CreateChannel();
// Calling the service:
calculator.Add(5, 8);
// Closing the channel and the factory:
((IClientChannel)calculator).Close();
factory.Close();
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HTML Clients for REST
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Plain HTML: query parameters
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<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>

<title></title>
</head>
<body>

<form method="get"
action="http://localhost/SoiApp/Calculator.svc/add">

Left: <input type="text" name="left"/><br/>
Right: <input type="text" name="right"/><br/>
<input type="submit" value="Add"/>

</form>
</body>
</html>

http://localhost/SoiApp/Calculator.svc/add?left=5&right=8
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Plain HTML: form parameters
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<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>

<title></title>
</head>
<body>

<form method="post"
action="http://localhost/SoiApp/Calculator.svc/add">

Left: <input type="text" name="left"/><br/>
Right: <input type="text" name="right"/><br/>
<input type="submit" value="Add"/>

</form>
</body>
</html>

http://localhost/SoiApp/Calculator.svc/add
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jQuery AJAX
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$.ajax({
url: 'http://localhost/SoiApp/Calculator.svc/add',
type: 'POST',
data: $('#form').serializeArray(),
success: function () { alert('POST completed'); }

});
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Chrome plugin
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Summary
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Summary

 Java
 JAXB

 JAX-RS

 .NET
 WCF DataContract

 WCF ServiceContract
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