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The Java Platform 2 (formerly known as JDK 1.2) marks another milestone in the integration of Java and CORBA. The combination of Java for cross-platform support and CORBA for cross-language support is very handy when writing distributed applications. Furthermore CORBA and Java both support object-oriented programming.

The CORBA architecture is implemented with an Object Request Broker (ORB). With the Java Platform 2, Sun has made the ORB a standard component. Sun's ORB is known as Java IDL.

CORBA recognizes two roles for applications: servers expose objects on the network while clients remotely invoke methods on server objects. Clients and servers typically reside on different machines. They may be running on different operating systems (NT, Unix, OS/400, etc.) or be written in different languages (C++, Java, Cobol, etc.) but, for the programmers, they are simply objects. CORBA hides the complexity of an heterogeneous network behind a clean object-oriented interface.

As a side note, JDK 1.1 had introduced a non-standard Java-only ORB: the Remote Method Invocation (RMI). RMI however is limited to Java, it is well integrated in the language but it does not support integrating with legacy components written in other languages.

A Distributed Calculator

CORBA is a very comprehensive architecture with many components. A complete CORBA implementation is a very solid and complex piece of software. This has given CORBA a, largely undeserved, reputation of complexity. In practice, most applications need a simple subset of the complete architecture. As this article will demonstrate, one can already do a lot with a few simple components.

In this article, we will write a distributed calculator. The calculator is not a very helpful application but it is the prototype of complex architectures where clients off-load heavy processing onto servers. For the sake of simplicity however, we won't implement complex maths or sophisticated database access on the server-side. In fact, we will limit ourselves to simple additions: the goal is not to write smart mathematical code but to demonstrate an architecture.

IDL Interface

The first step in writing a CORBA distributed application is to write an interface in the Interface Definition Language (IDL). IDL interfaces are very similar to Java interfaces: they define a contract between client and server. A server that implements a given interface, promises to support all the methods defined by the interface. The clients need not be concerned with how the server implements the interface. This is sound software engineering.

However IDL is not a programming language. To implement the interface, one must use a language such as Java or C++.

Listing 1 is the interface for the distributed calculator in IDL. As you can see IDL syntax is very similar to Java. In fact, they were both inspired by C++. The interface defines two methods:

· add() adds a float to the current value in the calculator; 

· clear() clears (set to zero) the current value of the calculator. 

Other operations on the calculator (minus, sin, etc.) are left as an exercise to the reader.

interface Calc

{

   float add(in float i);

   void clear();

};

Listing 1: calc.idl

The major difference between Java and IDL is the in modifier before the i parameter. The modifier signals that the parameter is input-only. An out modifier would flag parameters used to return a value. Finally inout combines the two.

The interface must be precompiled in the language chosen for implementation, Java in this case. Precompilation makes CORBA language independent as an interface can be precompiled in any language that Java supports. At the time of this writing, the IDL precompiler is a separate download from the regular JDK, go to java.sun.com and follows the link to Java IDL. To precompile calc.idl, issue idltojava calc.idl.

The precompiler generates several Java files. They implement all the network code.

Warning! idltojava uses the Visual C++ or Sun C++ precompiler. If no C++ compiler is installed on your system, try idltojava -fno-cpp calc.idl as the command.

Writing the Client

The client is straightforward (see listing 2). It finds a remote object and calls one method. It takes the method to execute (add() or clear()), a parameter and the name of the remote object from the command-line.

Besides the import statements, there are only four lines of code specific for CORBA. Compare this figure to what would be required if using raw sockets. Before making remote calls, the client must obtain a reference to the remote object by calling:

· ORB.init() to initialize the ORB; 

· ORB.resolve_initial_references() to obtain the initial naming context; 

· NamingContext.resolve() to obtain a reference to the remote object. 

The rest is standard Java code! The ORB takes care of communication and remote objects behave like local ones -- once you have the reference.

import org.omg.CORBA.*;

import org.omg.CosNaming.*;

public class CalcClient

{

   public static void main(String[] args)

      throws Exception

   {

      // parse command-line

      String command = args.length < 1 ? "clear" : args[0],

             objectname = args.length < 3 ? "DCalc" : args[2];

      float number = args.length < 2 ? 0 : Float.valueOf(args[1]).floatValue();

      // initialize the ORB and fine the server

      ORB orb = ORB.init(args,null);

      NamingContext root = NamingContextHelper.narrow(orb.resolve_initial_references("NameService"));

      NameComponent[] path = { new NameComponent(objectname,"") };

      Calc calc = CalcHelper.narrow(root.resolve(path));

      // from now on, "normal" OO code

      if(command.equalsIgnoreCase("clear"))

         calc.clear();

      else if(command.equalsIgnoreCase("add"))

         System.out.println(calc.add(number));

   }

}

Listing 2: CalcClient.java

The xxxHelper.narrow() method is a typecast for network objects. CalcHelper.narrow(root.resolve(path)) is logically equivalent to (Calc)root.resolve(path) but is network-safe. The helper classes are generated by the precompilers.

Writing the Server

The server is not much more difficult. Firstly we implement the Calc interface, see listing 3.

class CalcImpl extends _CalcImplBase

{

   private float value = 0;

   public float add(float i)

   {

      value += i;

      System.out.println(value);

      return value;

   }

   public void clear()

   {

      value = 0;

      System.out.println("Cleared");

   }

}

Listing 3: CalcImpl.java

You will notice that CORBA-specific code is limited to extending _CalcImplBase, one of the class generated by the precompiler, instead of implementing the Calc interface directly (_CalcImplBase ultimately implements Calc). That's less than a line of network code!

Listing 4 is the server. This listing contains lots of CORBA-specific code.

import org.omg.CORBA.*;

import org.omg.CosNaming.*;

public class CalcServer

{

   public static void main(String[] args)

      throws Exception

   {

      // initialize the ORB

      ORB orb = ORB.init(args,null);

      // create and export the calc object

      Calc calc = new CalcImpl();

      orb.connect(calc);

      String objectname = args.length < 1 ? "DCalc" : args[0];

      NamingContext root = NamingContextHelper.narrow(orb.resolve_initial_references("NameService"));

      NameComponent[] path = { new NameComponent(objectname,"") };

      root.rebind(path,calc);

      // wait forever

      System.out.println("Server ready");

      Thread.currentThread().join();

   }

}

Listing 4: CalcServer.java 

After initalizing the ORB the server creates an instance of CalcImpl and exports it. To export the object, the server calls:

· ORB.connect() which makes the object available to CORBA clients on the network; 

· NamingContext.rebind() which associates a name with the object. 

Finally the server wait for clients. The server cannot terminate, or else the object would no longer be available on the network.

Compiling the Example

Simply compile the client and the server with javac. The compiler complains that _CalcImplBase calls deprecated APIs. Since it was generated by the precompiler, this is a problem for Sun to fix. Don't worry about it.

For testing, follow these steps:

1. start the name server with start tnameserv on Windows or tnameserv& on Solaris. Upon startup, the name server prints what looks like garbage, this is normal. If you don't start the name server, the example won't work; 

2. start one or more servers as background processes with start java CalcServer DCalc on Windows or java CalcServer DCalc& on Solaris; 

3. finally call the client with java CalcClient add 1.0 DCalc 

Although client and server can run on the same machine, it is more interesting to experiment with different machines. Make sure to watch the console of the server during testing.

Obtaining the Reference

On the client, the CORBA-specific code focuses on obtaining a reference to the remote object. After this, a client uses remote objects like local ones. There are several mechanism for clients to obtain such a reference but the most popular is the naming service which we have seen.

An alternative approach is for client and server to exchange objects as we will see in the next section. Finally, CORBA defines Interoperable Object Reference (IOR). The IORs are strings that works like network pointers: each IOR points to a different remote object. The main advantage of IOR is that they are interoperable across vendors: an OrbixWeb client can use a Java IDL IOR. The ORB defines two methods to manipulate IOR, ORB.object_to_string() and ORB.string_to_object(). Their names are self-explanatory. 

A More Complete Calculator

As we have seen, CORBA does a very good job at hiding the network complexity. Armed with the same concepts, we can build more advanced architectures such as callback. Through callback, a server can notify clients of specific events. In effect callback enables two-way communication between client and server.

Let's build a more sophisticated calculator where several clients interact with the server. Of course the clients must always reflect the latest value of the calculator. One approach would be to define a 

getValue()

method on the server and have clients regularly poll the server. However this is very network and processor-intensive. A more reasonable approach is to have the server notify the clients of value changes. Listing 5 is the interfaces that make it possible. 

interface CalcCallback

{

   void valueChanged(in string value);

};

interface Calc

{

   void add(in float i);

   void clear();

   void addCallback(in CalcCallback callback);

   void removeCallback(in CalcCallback callback);

};

Listing 5: calc.idl

CalcCallback defines one method that the server calls when its value changes. There are new methods to register and deregister the callback with the server. If this looks a lot like JavaBeans events, that's because it is similar. The major difference being that callbacks work over the network.

Listing 6 implements the Calc interface.

import java.util.*;

import org.omg.CORBA.*;

class CalcImpl extends _CalcImplBase

{

   protected Hashtable callbacks = new Hashtable();

   protected ORB orb;

   private float value = 0;

   public CalcImpl(ORB orb)

   {

      this.orb = orb;

   }

   public void add(float i)

   {

      value += i;

      notifyAll(Float.toString(value));

   }

   public void clear()

   {

      value = 0;

      notifyAll("Cleared");

   } 

   protected synchronized void notifyAll(String value)

   {

      System.out.println(value);

      Enumeration enum = callbacks.elements();

      while(enum.hasMoreElements())

         ((CalcCallback)enum.nextElement()).valueChanged(value);

   }

   public synchronized void addCallback(CalcCallback callback)

   {

      callbacks.put(orb.object_to_string(callback),callback);

   }

   public synchronized void removeCallback(CalcCallback callback)

   {

      callbacks.remove(orb.object_to_string(callback));

   }

}

Listing 6: Calc.java

The add() and clear() methods now notifies registered clients.

The server uses IORs to uniquely identify clients during registration and deregistration. Because several clients call the server concurrently, special care is taken to properly synchronize the methods. So far synchronization was provided by the Java language because access to a float is always atomic.

Listing 7 is the server. It is virtually unchanged, except for printing the IOR after startup.

import org.omg.CORBA.*;

import org.omg.CosNaming.*;

public class CalcServer

{

   public static void main(String[] args)

      throws Exception

   {

      // initialize the ORB

      ORB orb = ORB.init(args,null);

      // create and export the calc object

      Calc calc = new CalcImpl(orb);

      orb.connect(calc);

      String objectname = args.length < 1 ? "DCalc" : args[0];

      NamingContext root = NamingContextHelper.narrow(orb.resolve_initial_references("NameService"));

      NameComponent[] path = { new NameComponent(objectname,"") };

      root.rebind(path,calc);

      // wait forever

      System.out.println(orb.object_to_string(calc));

      Thread.currentThread().join();

   }

}

Listing 7: CalcServer.java

Listing 8 is the new client. In addition to callback, it features a graphical user interface based on Swing.

import java.awt.*;

import javax.swing.*;

import java.awt.event.*;

import org.omg.CORBA.*;

import org.omg.CosNaming.*;

import org.omg.CosNaming.NamingContextPackage.*;

public class CalcClient extends JFrame

{

   protected Calc calc = null;

   protected NamingContext root;

   protected ORB orb;

   protected JTextField msg;

   protected CalcCallback callback;

   protected JButton addButton,

                     clearButton;

   public CalcClient(ORB orb)

      throws org.omg.CORBA.ORBPackage.InvalidName

   {

      // create the window

      setSize(new Dimension(350,90));

      setTitle("DCalc");

      setJMenuBar(createMenu());

      java.awt.Container contentPane = getContentPane();

      contentPane.setLayout(new FlowLayout());

      contentPane.add(msg = new JTextField(15));

      contentPane.add(addButton = new JButton("Add"));

      contentPane.add(clearButton = new JButton("Clear"));

      addButton.addActionListener(new ActionListener()

      {

         public void actionPerformed(ActionEvent evt)

            { doAdd(); }

      });

      clearButton.addActionListener(new ActionListener()

      {

         public void actionPerformed(ActionEvent evt)

            { doClear(); }

      });

      addButton.setEnabled(false);

      clearButton.setEnabled(false);

      getRootPane().setDefaultButton(addButton);

      setVisible(true);

      // CORBA initialization

      this.orb = orb;

      root = NamingContextHelper.narrow(orb.resolve_initial_references("NameService"));

      callback = new CalcCallbackImpl(msg);

      orb.connect(callback);

   }

   protected JMenuBar createMenu()

   {

      JMenu serverMenu = new JMenu("Server"),

            helpMenu = new JMenu("Help");

      serverMenu.setMnemonic('S');

      helpMenu.setMnemonic('H');

      JMenuItem connectToMenuItem = new JMenuItem("Connect to...",'C'),

                connectIORMenuItem = new JMenuItem("Connect with IOR...",'O'),

                exitMenuItem = new JMenuItem("Exit",'E'),

                aboutMenuItem = new JMenuItem("About DCalc...",'A');

      connectToMenuItem.addActionListener(new ActionListener()

      {

         public void actionPerformed(ActionEvent evt)

            { doConnectTo(); }

      });

      connectIORMenuItem.addActionListener(new ActionListener()

      {

         public void actionPerformed(ActionEvent evt)

            { doConnectIOR(); }

      });

      exitMenuItem.addActionListener(new ActionListener()

      {

         public void actionPerformed(ActionEvent evt)

            { doExit(); }

      });

      aboutMenuItem.addActionListener(new ActionListener()

      {

         public void actionPerformed(ActionEvent evt)

            { doAbout(); }

      });

      addWindowListener(new WindowAdapter()

      {

         public void windowClosing(WindowEvent evt)

            { doExit(); }

      });

      serverMenu.add(connectToMenuItem);

      serverMenu.add(connectIORMenuItem);

      serverMenu.addSeparator();

      serverMenu.add(exitMenuItem);

      helpMenu.add(aboutMenuItem);

      JMenuBar menuBar = new JMenuBar();

      menuBar.add(serverMenu);

      menuBar.add(helpMenu);

      return menuBar;

   }

   protected void doAdd()

   {

      try

      {

         calc.add(Float.valueOf(msg.getText()).floatValue());

      }

      catch(NumberFormatException x)

      {

         error(x);

      }

   }

   protected void doClear()

   {

      calc.clear();

   }

   protected void doConnectTo()

   {

      try

      {

         String objectname = (String)JOptionPane.showInputDialog(this,

                                                                 "Enter the remote object name",

                                                                 "DCalc",

                                                                 JOptionPane.QUESTION_MESSAGE,

                                                                 null,

                                                                 null,

                                                                 "DCalc");

         if(null != objectname)

         {

            NameComponent[] path = { new NameComponent(objectname,"") };

            Calc newCalc = CalcHelper.narrow(root.resolve(path));

            if(null != calc)

               calc.removeCallback(callback);

            newCalc.addCallback(callback);

            calc = newCalc;

            addButton.setEnabled(true);

            clearButton.setEnabled(true);

         }

      }

      catch(Exception x)

         { error(x); }

   }

   protected void doConnectIOR()

   {

      try

      {

         String ior = (String)JOptionPane.showInputDialog(this,

                                                          "Enter the server IOR",

                                                          "DCalc",

                                                          JOptionPane.QUESTION_MESSAGE);

         if(null != ior)

         {

            Calc newCalc = CalcHelper.narrow(orb.string_to_object(ior));

            if(null != calc)

               calc.removeCallback(callback);

            newCalc.addCallback(callback);

            calc = newCalc;

            addButton.setEnabled(true);

            clearButton.setEnabled(true);

         }

      }

      catch(Exception x)

         { error(x); }

   }

   protected void doExit()

   {

      if(null != calc)

         calc.removeCallback(callback);

      System.exit(0);

   }

   public void doAbout()

   {

      JOptionPane.showMessageDialog(this,

                                    "by Benoît Marchal for Digital Cat\n" +

                                    "Copyright © 1998, Pineapplesoft sprl\n" +

                                    "www.javacats.com\n" +

                                    "www.pineapplesoft.com",

                                    "About DCalc",

                                    JOptionPane.INFORMATION_MESSAGE);

   }

   protected void error(Exception x)

   {

      JOptionPane.showMessageDialog(this,

                                    x.toString(),

                                    "DCalc Error",

                                    JOptionPane.ERROR_MESSAGE);

   }

   public static void main(String[] args)

      throws Exception

   {

      UIManager.setLookAndFeel(UIManager.getCrossPlatformLookAndFeelClassName());

      new CalcClient(ORB.init(args,null));

   }

}

class CalcCallbackImpl extends _CalcCallbackImplBase

{

   protected JTextField msg;

   public CalcCallbackImpl(JTextField msg)

   {

      this.msg = msg;

   }

   public void valueChanged(String value)

   {

      msg.setText(value);

   }

}

Listing 8: CalcClient.java

Listing 8 is more complex, if only because there's lots of code to setup the user-interface. Note that the callback object is implemented by the client. In fact, the client has a lot of server code for the callback! That's because the client is a callback server. Confused? Think of JavaBeans events, the architecture is actually very similar.

For testing purposes, the client can connect to servers through the naming server or using IORs. Note that the client registers its callback after connecting with a server and it deregisters before terminating.

Conclusion

CORBA is a simple solution to write distributed applications. The ORB shields the programmer from painful aspects of the network. There are surprisingly few concepts to learn but these simple building blocks can be combined in many interesting ways such as callback. 

