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RMI Basics

« Allowsyou to use objectsthat are on remote
machines.

e Supported starting with Java 1.1.

« 100% pure Java solution: the remote objects
must bewritten in Java.

¢ Other solutions:

— CORBA: Language and platform neutral;
communicate via Java IDL. However, JavalDL is
not standard yet.

— DCOM: Language neutral, but worksonly inan MS
world.

RMI Overview

« Remoteable objectsimplement the Renot e
interface.

— Actually, abstract class Renot eObj ect
implements Renot e

— Abstract class Renpt eSer ver extends
Renot e(bj ect

— ConcreteclassUni cast Renot eCbj ect extends
Renot e(hj ect

Typically, extend Uni cast Renot eCbj ect .

All methods in a Remoteable object must
declarethat they throw Renot eExcept i on.

Remote Interfaces

Remote objects are accessed through their
interfaces only.

Typically, need to define a remote inter face and
aremote object that implementsthe interface
Remote interfaces

— Must be public

— Must extend the Remote interface

— All methods must declare RemoteException in
throws list

— Any remote parameter s'return values must be
declared using their interface type




A Hello World Remote Object

inport java.rm.*;
inport java.rm.server.*;

public interface Hello extends Renote {
void print( ) throws RenoteException;

}

Il In a separate file:
public class Hellolnpl extends UnicastRenoteChject
inplenents Hello {
public Hellolnpl( ) throws RenoteException { }
public void print( ) throws RenoteException {
Systemout.printin( "Hello world!" );
}
}

Serving a Remote Object

« Need to generate a stub and skeleton for the
remote class. Sameidea asin native calls, and
in CORBA. User m c utility on server side.

— InJaval.2, use-v1.2 option to generate stub only
— skeleton isimplicit from stub

« Need to have a main method (or other function)

that createsinstances of the remote object.

What Stub and Skeleton Do

Stub providesimplementation of remote

interfacein theclient VM.

e Stub serializesinterface method callsand
argumentsto remote skeleton. (Mar shalling)

o Skeleton deserializes method calls

(unmarshalling), callsthe desired method, and

returnsavalue or a RemoteException, either of

which is serialized back to the stub on the

remote client.

Theclient stub deserializesthereturn value or

exception and rethrows any exception.




Class Loading

The classrepresenting the remote object must
beloaded on the client machine.

Client hastheinterface, but not
implementation classes.

Dynamic classloading can beused (like
applets) to get any new remote class
(implementations and stubs) that are needed;
want the security manager to check that these
dynamically loaded classes ar e ok.
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Accessing Remote Objects

If method returns remote object, can be
accessed through interfacetoit.

First server object is special: need to usethe
bootstrap registry service.
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Registering Objects

Use Nam ng. bi nd (or Nam ng. r ebi nd).
Client callsNam ng. | ookup (returnsan
bj ect, that client can cast to theinterface
type).

Need to start the bootstrap registry. By default
it runson port 1099. From an MS-DOS
window:

start rniregistry portnum

If your application isthe only program using
theregistry, can place, in main:

Locat eRegi stry. creat eRegi stry( portnum);
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Server Main

inport java.rm.*;
inmport java.rm.server.*;
import java.rm.registry.*;

public class HelloServer {
public static void main( String [] args ) {
try {
Hellolnpl h = new Hellolnpl ( );
Nam ng. bi nd( "hello", h);
}
catch( Exception e ) {
e.printStackTrace( );
}
}
}
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Summary of Server-Side

« Writean interface and implementation for the
remote obj ect.

Run rmicto get the stub and skeleton.

« Writeamain that createsthe remote object,
and (if needed) installsit in the bootstrap
registry.

o Start thebootstrap registry.

o Start main.
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The Client Side

« Must get thefirst remote object by using
Naming.lookup. Subsequent object interfaces
(that is, thosereturned as parameters) are
obtained automatically by the dynamic class
loader.

« Naming.lookup needs URL of server (possibly
including the port number) and name stored in
registry.

« Client accessesviatheinterface type only!

Should install a security manager if really
doing remote stuff.
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Using the Hello Remote Object

inport java.rm.*;
inport java.rm.registry.*;

public class HelloQient {
public static void main( String [] args )
{
Syst em set Securi t yManager ( new RM Securit yManager () )s;
try {
(bj ect obj = Naming.lookup( args[0] + "hello" );
( (Hello) obj ).print( );
}
catch( Exception e ) {
e.printStackTrace( );
}
}
}
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Method Parameters

o« RMI uses Serialization to send remote
references, objects, and primitives.

e Thusremote method argumentsthat are
Objects must be either
— Remote objects
— Serializable

« Thiscan beapain:
— Somethings cannot be passed (e.g. G- aphi cs).

« Notice: Remote method semantics ar e different
than local semanticswhen the parameter isa
non-remote Object.
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Larger Example With DCL

« Will have server have object that can be
queried to give the host name and date.
« Client will be able to access this object.
« Client will have only
— Client classfile
— Interface classfile to remote object
o Client will not have

— Stub or implementation of remote object; these will
resideon the server and stub will be downloaded
when needed
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The Hel | o Interface

inmport java.rm.*;
inport java.rm.server.*;

public interface Hell o extends Renote
{
String get Message( ) throws RenoteExcepti on;
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Security

« Client will be downloading stub class of the
remote obj ect.
— should be safe, since generate by rmic
— but could be tampered with
— need a security manager and policy file
grant {
Il Allow everything for now,
permi ssion java.security. Al Perm ssion;

H

The Implementation

inport java.rnmi.*;
inport java.rmi.server.*;
inport java.net.*;
inport java.util.Date;

public class Hellolnpl extends Unicast Remot eChj ect
i npl ement's Hello {
private static InetAddress me;

static {
try { me = Inet Address. get Local Host ( ); }
catch( java. net . UnknownHost Exception e ) { }
}

public Hellolnpl () throws RenoteException { }

public String get Message( ) throws RenoteException {
Date now = new Date( );
Systemout.printIn( "Processing a request!" );
return "Hello from " + me + " " + now,
}
} 21




The Client

inmport java.rm.*;
inport java.rni.registry.*;

public class Hellodient {
public static void main( String [] args ) {
System set Property( "java.security.policy", "all.policy");
System set Secur i t yManager ( new RM Secur i t yManager () );

try {
Systemout.printin( "I AMTHE CLIENT" );
String mach = args.length == 0 2 " : args[0];

Cbj ect obj = Naming.lookup( "//" + mach + ":6000/hel | 0" );
Hel I 0 hobj = (Hello) obj;
Systemout.println( "Server returns: " + hobj.getMessage( ) );
}
catch( Exception e ) { e.printStackTrace( ); }
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The Server

inport java.rm.*;
inmport java.rm.server.*;
inport java.rm.registry.*;

public class HelloServer {
public static void main( String [] args ) {
try {
Hel lolmpl h = new Hel lolnpl ( );
String mach = args.length == 0 ? "local host" : args[0];
Nam ng.rebind( "//" + mach + ":6000/ hello", h);

Systemout.printin( "I AM THE SERVER' );
}
catch( Exception e ) { e.printStackTrace( ); }

}
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The Setup

« CompileHéelolmpl.java
e Runrmic-v1.2 Helolmpl
« Compiletheclient and server
o Copy toaserver (can useservletrunner to
setup a webserver)
— interface, stub, implementation, server classfile
« Removefrom client

— stub, implementation, server classfile (leave
interface and client)
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Running Everything

o On server:

— unset CLASSPATH

— run rmiregistry with port 6000 in parent directory
cd ..

set CLASSPATH=
start rmiregistry 6000

— goto server directory
cd WEB-INF
— start server, with CLASSPATH that includes . and
define java.r mi.server.codebase=Y our WebDir/
java-Djava.class.path=. -Djava.rmi.ser ver .codebase=http://localhost: 8080/ HelloSer ver
e Onclient

— start theclient
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Garbage Collection

« Distributed objects are garbage collected

e VM usesidea of aleasethat isrenewed
periodically by clients
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Threading

o Server handles each request in separatethread
o Client thread isblocked until remote method
returns

« Synchronizing on reference on client does not
synchronize remote obj ect; only synchronizes
stub
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Summary

RMI basics not too complicated.
Writean interface that can be used by clients.
Server generates stub and skeletonsviarmic.

On server side, need to start a bootstrap
registry, and bind at least one remote object.

On client side, need to locate one remote obj ect;
dynamic class loading gets other remote classes.

Client needsto run with at least an RM|
security manager . Server should do the same.
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