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Overview

• What alternatives to web services exist?

• Learn more about JSON RPC
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Alternatives to Web Services

• So far you have seen: A fully-fledged SOA is powerful, but
heavy-weight and slow (compared to simple RPC methods)

• This is nothing that you can simply set up and manage in a few days

• It makes sense for a big enterprise

• So are there useful alternatives when we are not in a huge enterprise,
but maybe in a smaller or growing company or when we do not have
much time for setup and management?

• There are alternatives . . . but they lack the enterprisy features and
support. . .
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• The “older generation” of RPC/RMI frameworks:
• Common Object Request Broker Architecture (CORBA) [1–6]

• Distributed Component Object Model (DCOM) [7]

• .NET Remoting [8]

• Java Remote Method Invocation (RMI) [6, 9, 10]

• XPCOM (Cross Platform Component Object Model) [11]
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XML-RPC

• XML-RPC [12]: RPC protocol using XML to encode its calls and
HTTP for transport

1graphics from http://de.wikipedia.org/wiki/XML-RPC
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XML-RPC

• XML-RPC [12]: RPC protocol using XML to encode its calls and
HTTP for transport

• Simple request-response scheme1

• Predecessor of SOAP and simpler since
• data is encoded only in one way (SOAP has multiple choices)
• does not require WSDL service descriptions

• Less heavy-weight than SOAP, many implementations

1graphics from http://de.wikipedia.org/wiki/XML-RPC
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JSON

• JavaScript Object Notation (JSON) [13, 14] is a data format for
serializing and transmitting structured data over a network connection
. . . like XML

• Basically is JavaScript [15]
=⇒ supported by all browsers by default

=⇒ if service provides result in JSON, it can directly be used at the
client side of a HTML-based web application in a browser as it can be
parsed with the eval() function2

• Usually smaller than XML

• JSON-RPC [16]:
• similar to XML-RPC
• JSON data sent via HTTP or directly TCP/IP to server
• Server sends answer as JSON data
• light-weight, many, many implementations and wide support
• by the way: GitHub API also uses JSON (though not JSON RPC)

2that’s a terrible security risk, though
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Examples

• There are different implementations for JSON RPC in many different
programming languages

• We use JSON RPC for Java from
https://github.com/briandilley/jsonrpc4j

• JSON RPC server can be implemented as Java Servlet, which means:
• deploy it to a servlet container
• create stand-alone JSON RPC servers (using the same procedure as in

the Java Servlets and JSPs lessons)

• JSON RPC clients can be easily constructed, too

• . . . using Maven
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Calculator Example Server

• We now take the calculator example from the web services example
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Calculator Example Server

• We now take the calculator example from the web services example
set and translate it to JSON RPC

• We need again the Complex number bean class

• We specify the functionality as an interface ( CalculatorInterface )

• The above two classes will also be used in the client later

• We then make a Java Servlet which provides the calculator JSON
RPC service

• We specify the servlet in the web.xml . . .

• . . . build everything with Maven. . . . . . and deploy it to the GlassFish
servlet container. . .
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Listing: A class for complex numbers (Complex.java).

package calculator;

import java.io.Serializable;

public class Complex implements Serializable {

private static final long serialVersionUID = 1L;

private double m_a;

private double m_b;

public Complex () {

super();

}

public Complex(final double a, final double b) {

this();

this.setRealPart(a);

this.setImaginaryPart(b);

}

public double getRealPart () {

return this.m_a;

}

public void setRealPart(final double a) {

this.m_a = a;

}

public double getImaginaryPart () {

return this.m_b;

}

public void setImaginaryPart(final double b) {

this.m_b = b;

}

}
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Service Interface

Listing: A service interface specifying the operation the service provides
(CalculatorInterface.java).

package calculator;

public interface CalculatorInterface {

public abstract Complex add(final Complex x, final Complex y);

public abstract Complex sub(final Complex x, final Complex y);

public abstract Complex multiply(final Complex x, final Complex y);

public abstract Complex divide(final Complex x, final Complex y);

}
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Listing: The calculator serving implementation the JSON RPC (Calculator.java).

package calculator;

public class Calculator implements CalculatorInterface {

public Calculator () {

super();

}

@Override

public Complex add(final Complex x, final Complex y) {

return new Complex(//

(x.getRealPart () + y.getRealPart ()), //

(x.getImaginaryPart () + y.getImaginaryPart ()));

}

@Override

public Complex sub(final Complex x, final Complex y) {

return new Complex(//

(x.getRealPart () - y.getRealPart ()), //

(x.getImaginaryPart () - y.getImaginaryPart ()));

}

@Override

public Complex multiply(final Complex x, final Complex y) {

final double a1 = x.getRealPart ();

final double b1 = x.getImaginaryPart ();

final double a2 = y.getRealPart ();

final double b2 = y.getImaginaryPart ();

return new Complex(//

((a1 * a2) - (b1 * b2)), //

((a1 * b2) + (b1 * a2)));

}

@Override

public Complex divide(final Complex x, final Complex y) {

final double a1 = x.getRealPart ();

final double b1 = x.getImaginaryPart ();

final double a2 = y.getRealPart ();

final double b2 = y.getImaginaryPart ();

return new Complex(//

(((a1 * a2) + (b1 * b2)) / ((a2 * a2) + (b2 * b2))), //

(((a2 * b1) - (b2 * a1)) / ((a2 * a2) + (b2 * b2))));

}

}
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Listing: The calculator servlet serving the RPC (CalculatorServlet.java).

package calculator;

import java.io.IOException;

import javax.servlet.ServletConfig;

import javax.servlet.http.HttpServlet;

import javax.servlet.http.HttpServletRequest;

import javax.servlet.http.HttpServletResponse;

import com.fasterxml.jackson.databind.ObjectMapper;

import com.googlecode.jsonrpc4j.JsonRpcServer;

public class CalculatorServlet extends HttpServlet {

private Calculator service;

private JsonRpcServer jsonRpcServer;

@Override

protected void doPost(final HttpServletRequest req ,

final HttpServletResponse resp) throws IOException {

this.jsonRpcServer.handle(req , resp);

}

@Override

protected void doGet(final HttpServletRequest req ,

final HttpServletResponse resp) throws IOException {

this.jsonRpcServer.handle(req , resp);

}

@Override

public void init(final ServletConfig config) {

this.service = new Calculator ();

this.jsonRpcServer = new JsonRpcServer(new ObjectMapper (),

this.service , CalculatorInterface.class);

}

}
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web.xml

Listing: The web.xml file (web.xml).

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

<web -app xmlns:xsi="http: //www.w3.org /2001/ XMLSchema -instance"

xmlns="http://java.sun.com/xml/ns/javaee"

xmlns:web="http://java.sun.com/xml/ns/javaee/web -app_2_5.xsd"

xsi:schemaLocation="http://java.sun.com/xml/ns/javaee 

http://java.sun.com/xml/ns/javaee/web -app_2_5.xsd"

version="2.5">

<servlet >

<servlet -name>Calculator </servlet -name>

<servlet -class >calculator.CalculatorServlet </servlet -class >

</servlet >

<servlet -mapping >

<servlet -name>Calculator </servlet -name>

<url -pattern >/Calculator </url -pattern >

</servlet -mapping >

</web -app>
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Calculator Example Client

• Making a JSON RPC client is easier than creating web service clients
with Axis
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Calculator Example Client

• Making a JSON RPC client is easier than creating web service clients
with Axis

• We re-use the service interface and the Complex class

• A simple TestClient is developed

• No code generation at all
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Listing: The client for the calculator JSON RPC service (TestClient.java).

package calculatorClient;

import java.net.URL;

import com.googlecode.jsonrpc4j.JsonRpcHttpClient;

import com.googlecode.jsonrpc4j.ProxyUtil;

public class TestClient {

public static void main(final String [] args) throws Throwable {

CalculatorInterface calculator;

JsonRpcHttpClient client;

Complex m, n, res;

client = new JsonRpcHttpClient(

new URL("http :// localhost :8080/ calculatorJSONServer/Calculator"));

calculator = ProxyUtil.createClientProxy(

TestClient.class.getClassLoader (), CalculatorInterface.class ,

client);

m = new Complex ();

m.setRealPart (3);

m.setImaginaryPart (11);

n = new Complex ();

n.setRealPart (5);

n.setImaginaryPart (7);

res = calculator.multiply(m, n);

System.out.println(res.getRealPart ());

System.out.println(res.getImaginaryPart ());

}

}
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Warehouse Stand-Alone Example Server

• We now take the warehouse example from the web services example
set and translate it to JSON RPC
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Warehouse Stand-Alone Example Server

• We now take the warehouse example from the web services example
set and translate it to JSON RPC

• We specify the functionality as an interface ( WarehouseInterface )

• We implement the functionality ( Warehouse )

• We make a servlet exposing the functionality ( WarehouseServlet )

• We make a main class starting the stand-alone Jetty container ( Main )

Distributed Computing Thomas Weise 17/29



Warehouse Interface

Listing: A warehouse functionality specification (WarehouseInterface.java).

package warehouseServer;

public interface WarehouseInterface {

public abstract int getStock(final String type);

public abstract void changeStock(final String type , final int add);

}
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Warehouse Implementation

Listing: The implementation of the warehouse service (Warehouse.java).

package warehouseServer;

import java.util.HashMap;

import java.util.Map;

public class Warehouse implements WarehouseInterface {

private final Map <String , Integer > stock;

public Warehouse () {

super();

this.stock = new HashMap <>();

}

public synchronized int getStock(final String type) {

Integer i = stock.get(type);

return (i == null) ? 0 : i.intValue ();

}

public synchronized void changeStock(final String type , final int add) {

Integer i = this.stock.get(type);

i = Integer.valueOf (((i != null) ? i.intValue () : 0) + add);

this.stock.put(type , i);

}

}
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Warehouse Servlet

Listing: The warehouse servlet serving the RPC (WarehouseServlet.java).

package warehouseServer;

import java.io.IOException;

import javax.servlet.ServletConfig;

import javax.servlet.http.HttpServlet;

import javax.servlet.http.HttpServletRequest;

import javax.servlet.http.HttpServletResponse;

import com.fasterxml.jackson.databind.ObjectMapper;

import com.googlecode.jsonrpc4j.JsonRpcServer;

public class WarehouseServlet extends HttpServlet {

private Warehouse service;

private JsonRpcServer jsonRpcServer;

@Override

protected void doPost(final HttpServletRequest req ,

final HttpServletResponse resp) throws IOException {

this.jsonRpcServer.handle(req , resp);

}

@Override

protected void doGet(final HttpServletRequest req ,

final HttpServletResponse resp) throws IOException {

this.jsonRpcServer.handle(req , resp);

}

@Override

public void init(final ServletConfig config) {

this.service = new Warehouse ();

this.jsonRpcServer = new JsonRpcServer(new ObjectMapper (),

this.service , WarehouseInterface.class);

}

}
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Listing: The main class of the stand-alone JSON RPC server (Main.java).

package warehouseServer;

import java.io.File; import java.io.IOException; import java.net.URL;

import java.net.URLClassLoader;

import org.apache.tomcat.InstanceManager; import org.apache.tomcat.SimpleInstanceManager;

import org.eclipse.jetty.annotations.ServletContainerInitializersStarter;

import org.eclipse.jetty.server.Server; import org.eclipse.jetty.server.ServerConnector;

import org.eclipse.jetty.webapp.WebAppContext;

/**

* The main entry point for our warehouse JSON RPC server. It instantiates

* the embedded Jetty server and setups up our {@linkplain WarehouseServlet

* warehouse servlet }.

*/

public class Main {

/**

* This is the main routine , which starts the application

*

* @param args

* the command line arguments

* @throws Exception

* if it has to

*/

@SuppressWarnings("resource")

public static void main(final String [] args) throws Exception {

final Server server;

final WebAppContext context;

server = new Server ();

try (ServerConnector connector = new ServerConnector(server)) {

connector.setPort (8080);

server.addConnector(connector);

context = new WebAppContext ();

context.setContextPath("/"); //$NON -NLS -1$

context.setAttribute("javax.servlet.context.tempdir", //$NON -NLS -1$

Main.__getScratchDir ());

context.setResourceBase(Main.class.getResource("/webapp/") //$NON -NLS -1$

.toURI().toASCIIString ());

context.setAttribute(InstanceManager.class.getName (),

new SimpleInstanceManager ());

context.addBean(new ServletContainerInitializersStarter(context), true);

context.setClassLoader(new URLClassLoader(new URL[0], Main.class.getClassLoader ()));

context.addServlet(WarehouseServlet.class , "/");//$NON -NLS -1$

server.setHandler(context);

server.start (); // start the server and wait for termination

server.join();

}

}
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Warehouse Example Client

• We re-use the service interface WarehouseInterface class
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Warehouse Example Client

• We re-use the service interface WarehouseInterface class

• A simple WarehouseTest is developed
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Warehouse Example Client

• We re-use the service interface WarehouseInterface class

• A simple WarehouseTest is developed

• No code generation at all
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Warehouse Client

Listing: The client for the warehouse JSON RPC service (WarehouseTest.java).

package warehouseClient;

import java.net.URL;

import com.googlecode.jsonrpc4j.JsonRpcHttpClient;

import com.googlecode.jsonrpc4j.ProxyUtil;

public class WarehouseTest {

public static void main(String [] args) throws Exception {

JsonRpcHttpClient client;

WarehouseInterface warehouse;

client = new JsonRpcHttpClient(new URL("http :// localhost :8080/"));

warehouse = ProxyUtil.createClientProxy(

WarehouseTest.class.getClassLoader (), WarehouseInterface.class ,

client);

System.out.println("# of cars: " + warehouse.getStock("cars"));

System.out.println("# of cats: " + warehouse.getStock("cats"));

warehouse.changeStock("cars", 100);

warehouse.changeStock("cats", 120);

System.out.println("# of cars: " + warehouse.getStock("cars"));

System.out.println("# of cats: " + warehouse.getStock("cats"));

warehouse.changeStock("cats", -12);

System.out.println("# of cars: " + warehouse.getStock("cars"));

System.out.println("# of cats: " + warehouse.getStock("cats"));

}

}
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Summary

• There are several simple alternatives to web services

• They lack the broad tool and framework support that web services
have, but they may be faster and simpler to use

• JSON RPC is one example of such an alternative
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Caspar David Friedrich, “Der Wanderer über dem Nebelmeer”, 1818
http://en.wikipedia.org/wiki/Wanderer_above_the_Sea_of_Fog
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