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Java RMI

Remote Method Invocation

Java-to-Java  Distributed Computing

Welcome to RMI: Basic RMI Architecture
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Welcome to RMI: RMI Classes and Interfaces

The RMI Registry

· The RMI Registry keeps on a machine a set of servers available to potential clients

· The clients connect to the RMI server via the following protocol

rmi://host:port/server

rmi://happy:1099/MyServer

The Remote Interface

· All communication via RMI is achieved through Java interfaces. Any such interface must extend the Remote interface.

· The Remote interface in defined in the java.rmi package. It has no methods or constants, but must be extended in all RMI applications

· Example
public interface MyRemote extends java.rmi.Remote
{

  String capsString(String yourString)throws java.rmi.RemoteException;

}

Welcome to RMI: RMI Classes and Interfaces

The Naming Class

The Naming class has four important methods for RMI programs

1. lookup( )  
used by clients trying to connect to a server

static Remote lookup (String serverURL) 

throws MalformedURLException, RemoteException, UnknownHostException

2. bind( )

used to register a server with the registry

static void bind(String serverName, Remote server)

throws AlreadyBoundException, MalformedURLException, RemoteException
3. rebind( )

used to register a server with the registry

static void rebind(String serverName, Remote server)

throws RemoteException

4. unbind( )

used to unregister a server with the registry

static void bind(String serverName)

throws NotBoundException, MalformedURLException, RemoteException

Welcome to RMI: RMI Classes and Interfaces

The Naming Class

The RemoteObject class inherits from Object and overrides toString( ) and equals( ) methods

The RemoteServer Class

The RemoteServer class inherits from RemoteObject and defines code to create and transmit remote objects.it is an abstract class.

The UnicastRemoteObject Class

The UnicastRemoteObject class inherits from RemoteServer. It is a concrete class, and all actual remote objects must inherit from this class.

The RMI Exception class: RemoteException

The RemoteException is a catch-all for communication problems which may occur. These include problems such as : no server exists, network problems, stub/skeleton not found, server not bound to registry, etc.

Steps to Write an RMI Application

Write the Server Interface

package divideclass;

import java.rmi.*;

public interface DivideServer extends Remote {

double divide (double d1, double d2) throws RemoteException;

}  // DivideServer

Write the Server Implementation

package divideclass;

import java.rmi.*;

import java.rmi.server.*;

public class DivideServerImpl extends UnicastRemoteObject implements DivideServer {

public DivideServerImpl() throws RemoteException {  }

public double divide(double d1, double d2) throws RemoteException {

return d1 / d2;  }

Steps to Write an RMI Application

Write the Server Launch Code

package divideclass;

import java.net.*;

import java.rmi.*;

public class DivideServerLaunch {

public static void main(String s []) {

try {

  DivideServerImpl divideServerImpl;

  divideServerImpl = new DivideServerImpl();

  Naming.rebind("DivideServer", divideServerImpl); }

catch (Exception e) {

  e.printStackTrace(); } }

}  // DivideServerLaunch

Steps to Write an RMI Application

Write the Client Class

package divideclass;

import java.rmi.*;

public class DivideClient {

public static void main(String s []) {

try {

  String divideServerURL;

  divideServerURL = "rmi://" + s[0] + "/DivideServer";

  DivideServer divideServer;

  divideServer = (DivideServer)Naming.lookup(divideServerURL);

  double d1 = Double.valueOf(s[1]).doubleValue();

  double d2 = Double.valueOf(s[2]).doubleValue();

  double result = divideServer.divide(d1, d2);

  System.out.print(s[1] + " / " + s[2] + " = " );

  System.out.println(result); }

catch (Exception e) {

  e.printStackTrace(); } }

} // DivideClient
Steps to Write an RMI Application

Compile All the Source Code

roadrunner% ls

DivideClient.java        DivideServerImpl.java

DivideServer.java        DivideServerLaunch.java

roadrunner% javac –d  .   *.java 

Steps to Write an RMI Application

Use rmic to generate the Stub and Skeleton Files

roadrunner% rmic  -d  .  divideclass.DivideServerImpl

roadrunner% ls

DivideClient.class               DivideServerImpl_Skel.class
DivideServer.class              DivideServerImpl_Stub.class

DivideServerImpl.class       DivideServerLaunch.class

Running the Application under UNIX

Load the Java RMI Registry on the Server

roadrunner% rmiregistry &

[1] 651

Launch the Server and Enter  it into RMI Registry

roadrunner% java divideclass.DivideServerLaunch &

[2] 720

Run the Client, Specifying the Required Parameters 

roadrunner% java divideclass.DivideClient roadrunner 3 8

3 / 8 = 0.375

Running the RMI Application Across the Network

Launch the RMI Registry on a Remote Machine

india% rmiregistry &

[1] 15806

india% java divideclass.DivideServerLaunch &

[2] 15807

india%

Run the Client on Local Machine

roadrunner% java divideclass.DivideClient india 12 13

12 / 13 = 0.9230769230769231

roadrunner%


// File: DivideServer.java

package divideclass;

import java.rmi.*;

public interface DivideServer extends Remote {

double divide (double d1, double d2) throws RemoteException;

}  // DivideServer

// File DivideServerImpl.java

package divideclass;

import java.rmi.*;

import java.rmi.server.*;

public class DivideServerImpl extends UnicastRemoteObject implements DivideServer {

public DivideServerImpl() throws RemoteException {  }

public double divide(double d1, double d2) throws RemoteException {

return d1 / d2;  }

} // DivideServerImpl

// File: DivideServerLaunch.java

package divideclass;

import java.net.*;

import java.rmi.*;

public class DivideServerLaunch {

public static void main(String s []) {

try {

  DivideServerImpl divideServerImpl;

  divideServerImpl = new DivideServerImpl();

  Naming.rebind("DivideServer", divideServerImpl); }

catch (Exception e) {

  e.printStackTrace(); } }

}  // DivideServerLaunch

// File: DivideClient.java

package divideclass;

import java.rmi.*;

public class DivideClient {

public static void main(String s []) {

try {

  String divideServerURL;

  divideServerURL = "rmi://" + s[0] + "/DivideServer";

  DivideServer divideServer;

  divideServer = (DivideServer)Naming.lookup(divideServerURL);

  double d1 = Double.valueOf(s[1]).doubleValue();

  double d2 = Double.valueOf(s[2]).doubleValue();

  double result = divideServer.divide(d1, d2);

  System.out.print(s[1] + " / " + s[2] + " = " );

  System.out.println(result); }

catch (Exception e) {

  e.printStackTrace(); } }

} // DivideClient

Running RMI Under Windows ’95 or ’98

Launch the RMI Registry


An Empty DOS-style Window will Pop Up


Iconize that Window

An Empty DOS-style Window will Pop Up

Be sure to set your CLASSPATH environment variable appropriately. Say you have your RMI code in a folder named c:\java\rmi\divide. Then you could set the CLASSPATH variable as follows:

set  CLASSPATH=%CLASSPATH%;.;c:\java\rmi\divide

This sets the variable to itself, then also to the current directory, as well as to folder c:\java\rmi\divide
Running RMI Under Windows ’95 or ’98

Start the Server


An Empty DOS-style Window will Pop Up


At this time, if no error occurs, the server is bound within the RMI registry

Run the Client App


Running RMI Under Windows in Client Server Mode

Our Divide RMI Application Has 6 File

DivideClient.class

DivideServer.class

DivideServerImpl.class

DivideServerLaunch.class

DivideServerImpl_Stub.class

DivideServerImpl_Skel.class

Certain Files Must Exist on the Client

DivideClient.class


( obvious reasons

DivideServerImpl_Stub.class
( provide client network communication to server
DivideServer.class


( casts Remote object coming back from lookup
Certain Files Must Exist on the Server

DivideServer.class


( defines / implements this Remote extension

DivideServerImpl.class

( this is the actual server behavior

DivideServerLaunch.class

( this kicks in the server and registers it
DivideServerImpl_Skel.class
(  provides servers network communication to server

Running RMI Frame Client

The Color RMI Application Launches Eight Frames 

Each is a Client of the ColorServer which Returns Random Colors


The Frames Can Be Rendered Invisible, 

But Frame1  Will Kill All the Client Frames


The Color Server / Client RMI Application

The Server Classes

// File: ColorServer.java 

import java.awt.Color;

import java.rmi.*;

public interface ColorServer extends Remote {

public Color getColor () throws RemoteException;

}  // ColorServer

// File: ColorServerImpl.java

import java.rmi.*;

import java.rmi.server.*;

import java.awt.Color;

public class ColorServerImpl extends UnicastRemoteObject implements ColorServer {

public ColorServerImpl() throws RemoteException {  }

public Color getColor() throws RemoteException {

   return new Color ((float)Math.random(), (float)Math.random(), (float)Math.random()); }

} // ColorServerImpl

// File: ColorServerLaunch.java

import java.net.*;

import java.rmi.*;

public class ColorServerLaunch {

public static void main(String s []) {

try {

  ColorServerImpl colorServerImpl;

  colorServerImpl = new ColorServerImpl();

  Naming.rebind("ColorServer", colorServerImpl); }

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

}  // ColorServerLaunch

The Color Server / Client RMI Application

The Client Class

// File: ColorClient.java

import java.rmi.*;

import java.awt.*;

public class ColorClient extends Frame {

String colorServerURL;

Font font;

Label lab;

ColorServer colorServer;

String s;

Color color;

Frame me;

public static void main(String s []) {

  for (int i = 0; i < 8 ; i++)

    new ColorClient(s[0], i+1); }

public ColorClient(String s, int n) {

super("Frame" + n);

this.s = s;

me = this;

font = new Font("Helvetica", Font.BOLD, 22);

lab = new Label("RMI Rules!!");

lab.setFont(font);

add(lab, BorderLayout.CENTER);

setSize(150,50);

setLocation((int)(Math.random()*500), (int)(Math.random()*500));

setVisible(true);

try {

  colorServerURL = "rmi://" + s + "/ColorServer";

  colorServer = (ColorServer)Naming.lookup(colorServerURL);

  color = colorServer.getColor();

  System.out.println("Your exciting new color is: " + color); }

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

lab.setBackground(color);

addWindowListener(new java.awt.event.WindowAdapter() {  // inner anon class
  Frame parent;

  public void windowClosing(java.awt.event.WindowEvent e) {

      setVisible(false);

      if ( me.getTitle().equals("Frame1"))  // kill the client if Frame #1

        System.exit(0); } } );

 } } // ColorClient

The Fraction Server / Client RMI Application

The AWT is Made Up of Extensions of Component Class

(  Button, TextField, Label, Choice, List, etc …

The Component Class implements Serializable interface

( This interface has no methods or constants

The Component Class implements Serializable interface

· public class XYZ implements Serializable

( All Java primitive type are automatically serializable

( All Classes we define as parameters to RMI calls must be serializable in one of two ways

The Fraction Server / Client RMI Application

The Basics of Serialization with Java RMI
1. All data members are primitives, and therefore the class declares that it implements Serializable and implements no methods.

2. Some members may not be easily serializable, or prohibited from being serializable. In this case, the class must override the readObject( )and writeObject ( ) methods, utilizing the default methods for the primitives as needed.

3. The default methods are defaultReadObject( ) and defaultWriteObject( ). These methods are part of the classes ObjectInputStream and ObjectOutputStream, respectively. They basically serialize the objects in binary form.

4. If an attempt to send an object is made and the object does not implement the Serializable interface an Exception will be thrown.

The Fraction Server / Client RMI Application

The Fraction Class

// File: Fraction.java

import java.io.Serializable;

public class Fraction implements Serializable {

public Fraction () {

set(0,1); }

public Fraction (int top, int bottom) {

set(top,bottom); }

public Fraction(Fraction f) {

set (f.top, f.bottom); }

public Fraction get() {

return new Fraction(this); }

public void set(int top, int bottom) {

if (bottom != 0) {

  this.top = top;

  this.bottom = bottom; }

else {

  this.top = 0;

  this.bottom = 1; }

whole = 0;

normalize();  }

public void setWhole(int w) {

whole = w; }

public int getWhole() {

return whole; }

public int getBottom() {

return bottom; }

public int getTop() {

return top; }

The Fraction Server / Client RMI Application

The Fraction Class   (continued)
public Fraction add(Fraction f) {

return new Fraction(top * f.bottom + f.top * bottom, bottom * f.bottom); }

public Fraction mult(Fraction f) {

return new Fraction(top * f.top, bottom * f.bottom); }

public Fraction div(Fraction f) {

return mult(new Fraction(f.bottom, f.top)); }

private void normalize() {

int divisor = gcd();

top /= divisor;

bottom /= divisor; }

private int gcd() {

int t = top;

int b = bottom;

if ( b == 0 || t == 0) return 1;

while (t != b && t != 1 && b != 1) 

  if (t > b)

    t -= b;

  else

    b -= t;

  if (t == 1 || b == 1)

    return 1;

  else

    return t; }

public String toString() {

String s = "";

if (whole > 0)

  s += String.valueOf(whole) + " + ";

return "(" + s + top + "/" + bottom +")"; }

private int whole;

private int top, bottom;

} // Fraction

The Fraction Server / Client RMI Application

The Client Side

import java.rmi.*;

public class FractionClient {

public static void main(String s []) {

try {                        

  String fractionServerURL;

  fractionServerURL = "rmi://" + s[0] + "/FractionServer";

  System.out.println ("OK");

  FractionServer fractionServer;

  fractionServer = (FractionServer)Naming.lookup(fractionServerURL);

  System.out.println ("OK");

  Fraction f, g, h, i;

  f = new Fraction(2,3);

  g = new Fraction(3,4);

  h = f.mult(g);

  i = f.add(g);

  System.out.println( f + " * " + g + " h = " + h);

  System.out.println( f + " + " + g + " i = " + i);

  i = fractionServer.toCompound(i);

  System.out.println("Now i = " + i); }

catch (Exception e) {

  e.printStackTrace(); } }

} // FractionClient

The Output


C:\>java FractionClient Happy

(2/3) * (3/4) h = (1/2)

(2/3) + (3/4) i = (17/12)

Now i = (1 + 5/12)

*
The remainder of the application is for in-class Lab implementation

A Two-Way Communication RMI Application:

Teacher / Student

The Teacher / Student Archictecture




 Teacher / Student RMI Application:

The Two remote Interfaces

· The Server Interface allows the clients to communicate to the server implementation

· The client interface allows the server to send messages to each client

The Server Interface

// File: TeacherServer.java 

import java.awt.Color;

import java.awt.TextArea;

import java.rmi.*;

public interface TeacherServer extends Remote {

public void addStudent(StudentListener sl) throws RemoteException;

public void removeStudent(StudentListener sl) throws RemoteException;

}  // TeacherServer

The Client Interface

// File: StudentListener.java 

import java.awt.Color;

import java.rmi.*;

public interface StudentListener extends Remote {

public void getTeacherText(String info) throws RemoteException;

}  // StudentListener

Teacher / Student RMI Application:

The Teacher Server Implementation

// File: TeacherServerImpl.java

import java.rmi.*;

import java.rmi.server.*;

import java.io.*;

import java.util.*;

public class TeacherServerImpl extends    UnicastRemoteObject
                               implements TeacherServer, Runnable  {

private Thread me;

private Vector myClass;

RandomAccessFile in;

String data;

private final int interval = 1000;

public TeacherServerImpl() throws RemoteException {

try {

  in  = new RandomAccessFile("data.in", "r"); }

catch (IOException ioe) {

  System.err.println("Cannot Open TeacherFile");

  ioe.printStackTrace();  }

myClass = new Vector();

me = new Thread(this);

me.start(); }

public void run() {

body: {   // labeled block: for future use

while(true) {

  try {

    data = in.readLine();

    if (data == null) throw new IOException("Read EOF");

    Thread.sleep(interval); }

  catch (IOException e) {

     try { Thread.sleep(interval); } catch (InterruptedException x) { }

     data = "Lesson Over\n**************\n";

     // allows looping in file

     try { in.seek(0L); } catch (IOException ioe) { } 

     } // while

  catch (InterruptedException i) { } 

  teachClass();  } } }

Teacher / Student RMI Application:

The Teacher Implementation  (continued)
public void teachClass() {

Enumeration enum = myClass.elements();

StudentListener student;

while (enum.hasMoreElements()) {

  student = (StudentListener) enum.nextElement();

  try {

    student.getTeacherText(data); }

  catch (RemoteException e) {  } } }

public synchronized void addStudent(StudentListener sl) throws RemoteException {

myClass.addElement(sl);  }

public synchronized void removeStudent(StudentListener sl) throws RemoteException {

myClass.removeElement(sl);  }

}  // TeacherServer

Teacher / Student RMI Application:

The StudentListener  Implementation  

import java.rmi.*;

import java.rmi.server.*;

import java.awt.*;

public class StudentListenerImpl extends    UnicastRemoteObject
                                 implements StudentListener {

public TextArea board;

public StudentListenerImpl() throws RemoteException {

board = new TextArea(250, 300);

board.setBackground(Color.black);

board.setForeground(Color.white);  }

public void getTeacherText(String info) throws RemoteException {

board.append (info + "\n"); } }

The Student

import java.rmi.*;

import java.awt.*;

import java.awt.event.*;

public class Student extends Frame {

String teacherURL;

TeacherServer teacher;

StudentListenerImpl myConnection;

private static int number = 1;

public static void main(String s[]) {

  new Student(s[0]); }

public Student(String host) {

super ("Student on Host: " + host);

teacherURL = "rmi://" + host + "/TeacherServer";

try {

  teacher = (TeacherServer)Naming.lookup(teacherURL);

  myConnection = new StudentListenerImpl(); 

  teacher.addStudent(myConnection);  }

catch(Exception e) {  }

add(myConnection.board, BorderLayout.CENTER);

setSize(550, 350);

setVisible(true);

addWindowListener(new WindowAdapter() {
  // define an inner anonymous class
  public void windowClosing(WindowEvent e) {

    System.exit(0); } } );

} }  // Student   i.e. TeacherServer client
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