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212. Distribution and Reflection

Programming with Remote Objects

Client Code Server Code
� Remote interfaces
� Parameter and result 

types (serializable) Implementations 
of remote 
interfaces

RMI compiler

Stubs Skeletons

Compiler

Server Program

Compiler

Client Program
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312. Distribution and Reflection

Chat Application

� One server that:
- accepts registrations from clients
- broadcasts messages received from one client to all 

registered clients

� Multiple clients that:
- register with a server
- send a message to the server to broadcast it
- receive messages from the server and output them
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412. Distribution and Reflection

ChatServer Interface

package common;

import j ava. r mi . * ;

public interface Chat Ser ver extends Remot e {

void r egi st er (  Chat Cl i ent c )

throws Remot eExcept i on;

void br oadcast (  St r i ng s )

throws Remot eExcept i on;
}
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512. Distribution and Reflection

ChatClient Interface

package common;

import j ava. r mi . * ;

public interface Chat Cl i ent extends Remot e {

void r ecei ve(  St r i ng s )

throws Remot eExcept i on;

}
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612. Distribution and Reflection

ChatClient Implementation

public class Chat Cl i ent I mpl
extends Uni cast Remot eObj ect
implements Chat Cl i ent ,  Runnabl e {

private Chat Ser ver mycs;

public Chat Cl i ent I mpl (  Chat Ser ver cs )     
throws j ava. r mi . Remot eExcept i on {

mycs = cs;
mycs. r egi st er (  this ) ;

}

public synchronized void r ecei ve( St r i ng s)
throws j ava. r mi . Remot eExcept i on {

Syst em. out . pr i nt l n( " Message:  "  + s ) ;
}
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712. Distribution and Reflection

ChatClient Run Method

public void r un( )  {
Buf f er edReader i r = new Buf f er edReader (

new I nput St r eamReader ( Syst em. i n) ) ;
St r i ng msg;

while(  t r ue )  {
try {

msg = i r . r eadLi ne( ) ;
mycs. br oadcast (  msg ) ;

}  catch(  Except i on e )  {
Syst em. er r . pr i nt l n( “ Pr obl em. . . " ) ;

}
}

}
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812. Distribution and Reflection

ChatClient Main Method

public static void mai n(  St r i ng[ ]  ar gs )  {
St r i ng ur l = " r mi : / / gem/ Chat Ser ver " ;

try {
ChatServer cs = 

(ChatServer) Naming.lookup(url);
new Thr ead(

new Chat Cl i ent I mpl ( cs) ) . st ar t ( ) ;
}  catch(  Except i on e )  {

Syst em. er r . pr i nt l n( “ Pr obl em. . . " ) ;
e. pr i nt St ackTr ace( ) ;

}

}
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912. Distribution and Reflection

ChatServer Implementation

public class Chat Ser ver I mpl extends
Uni cast Remot eObj ect implements Chat Ser ver {

private Li nkedLi st mycl i ent s;

public Chat Ser ver I mpl ( )
throws j ava. r mi . Remot eExcept i on {

mycl i ent s = new Li nkedLi st ( ) ;
}

public synchronized void r egi st er ( Chat Cl i ent c)
throws j ava. r mi . Remot eExcept i on {

mycl i ent s. add(  c ) ;
}



Werner Dietl – Konzepte objektorientierter Programmierung, WS 05/06

1012. Distribution and Reflection

ChatServer Broadcast

public synchronized void br oadcast (  St r i ng s )
throws j ava. r mi . Remot eExcept i on {

Li st I t er at or i t  = mycl i ent s. l i s t I t er at or ( 0) ;
Chat Cl i ent c;

while(  i t . hasNext ( )  )  {
c = ( Chat Cl i ent )  i t . next ( ) ;

c. r ecei ve(  s ) ;
}

}
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1112. Distribution and Reflection

ChatServer Main Method

public static void main(  St r i ng[ ]  ar gs )  {

try {

Naming.rebind( "ChatServer",

new ChatServerImpl( ) );

}  catch(  Except i on ex )  {
Syst em. er r . pr i nt l n( “ Pr obl em…" ) ;
ex. pr i nt St ackTr ace( ) ;

}
}
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1212. Distribution and Reflection

Process Interaction

Process 1 Process 3

ChatServer
Impl

Stub

Skeleton

Process 2

ChatClientImpl

Stub

Skeleton

Skeleton Stub

Stub

ChatClientImpl
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1312. Distribution and Reflection

Homework 2 – Observer Pattern

From: Gamma, Helm, Johnson, Vlissides: “Design Patterns”
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1412. Distribution and Reflection

Java support for the Observer Pattern

� Subject � j ava. ut i l . Obser vabl e
- voi d addObser ver ( Obser ver o)

- voi d set Changed( )

- voi d not i f yObser ver s( Obj ect ar g)

� Observer � j ava. ut i l . Obser ver
- voi d updat e( Obser vabl e o,  Obj ect  ar g)

� Events � j ava. ut i l . Event Obj ect
- Event Obj ect ( Obj ect sour ce)

- Obj ect  get Sour ce( )
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1512. Distribution and Reflection

ActiveValue – Setup

public class Act i veVal ue
extends j ava. ut i l . Obser vabl e {

private i nt myval ;

public void r un( )  {
i nt change;
Random cr nd = new Random( ) ;

myval = 0;

while(  true )  {   … }
}

}
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1612. Distribution and Reflection

SignChangeObserver

public class Si gnChangeObser ver
implements j ava. ut i l . Obser ver {

public void updat e(  j ava. ut i l . Obser vabl e s,  
Obj ect  e )  {

if(  ! ( e instanceof ChangeEvent ) )  return;
ChangeEvent ce = ( ChangeEvent )  e;

if(  ce instanceof I ncr easeEvent )  {
Syst em. out . pr i nt l n( " +" ) ;

}  else {
Syst em. out . pr i nt l n( " - " ) ;

}
}

}
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1712. Distribution and Reflection

New Solution

� No fixed interface
� Use reflection for target observer and method
� One target can be registered with multiple methods
� One method can be registered with multiple targets
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1812. Distribution and Reflection

New Solution – Observable

import j ava. ut i l . * ;

import j ava. l ang. r ef l ect . Met hod;

public class Met hodObser vabl e {

/ /  Mappi ng f r om t ar get  obj ect  t o

/ /  a set  of  met hods t o cal l

private Map<Obj ect ,  Set <Met hod>> cal l l i s t ;

public Met hodObser vabl e( )  {

cal l l i s t = new HashMap<Obj ect ,

Set <Met hod>>( ) ;

}
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1912. Distribution and Reflection

New Solution – Observable

public void addObser ver ( Obj ect t ,  Met hod m)  {

Set <Met hod> s;

if(  cal l l i s t . cont ai nsKey( t )  )  {

s = cal l l i s t . get ( t ) ;

s. add(  m ) ;

}  else {

s = new HashSet <Met hod>( ) ;

s. add(  m ) ;

}

cal l l i s t . put (  t ,  s ) ;

}
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2012. Distribution and Reflection

New Solution – Observable

public void del et eObser ver ( Obj ect t , Met hod m) {

if(  cal l l i s t . cont ai nsKey( t )  )  {

Set <Met hod> s = cal l l i s t . get ( t ) ;

s. r emove(  m ) ;

if(  s. i sEmpt y( )  )  {

cal l l i s t . r emove( t ) ;

}  else {

cal l l i s t . put (  t ,  s ) ;

}

}

}
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2112. Distribution and Reflection

New Solution – Observable

public void not i f yObser ver s( Obj ect ar g)  {

Obj ect  t ar get  = nul l ;
Met hod met hod = nul l ;

try {
for(  Obj ect  t :  cal l l i s t . keySet ( )  )  {

for(  Met hod m:  cal l l i s t . get ( t )  )  {

t ar get  = t ;  met hod = m;
met hod. i nvoke( t ar get ,  t hi s,  ar g) ; } }

}  catch(  Except i on e )  {

handl eExcept i on(  t ar get ,  met hod,  e ) ;
}

}
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2212. Distribution and Reflection

New Solution – ActiveValue

import j ava. l ang. r ef l ect . * ;

public class Act i veVal ue

extends Met hodObser vabl e {

/ /  i mpl ement at i on of  Act i veVal ue

/ /  st ays unchanged
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2312. Distribution and Reflection

New Solution – Observer

public class Text ChangeObser ver {

public void updat e(  Met hodObser vabl e sour ce,  
Obj ect  event  )  {

if(  !  ( event  instanceof ChangeEvent )  )
return;

ChangeEvent ce = ( ChangeEvent )  event ;

Syst em. out . pr i nt l n(

" New Val ue:  "  + ce. get Val ue( )  +
"  Change:  "  + ce. get Change( )  ) ;

}

}



Werner Dietl – Konzepte objektorientierter Programmierung, WS 05/06

2412. Distribution and Reflection

New Solution – Main Program

public class Text Mai n {

public static void mai n(  St r i ng[ ]  ar gs )  {
Act i veVal ue v = new Act i veVal ue( ) ;

v. addObser ver (  new Text ChangeObser ver ( ) ,
Text ChangeObser ver . c l ass. get Met hod(  

" updat e" , Met hodObser vabl e. c l ass,
Obj ect . c l ass)  ) ;

v. addObser ver (  new Si gnChangeObser ver ( ) ,
Si gnChangeObser ver . c l ass. get Met hod(

" updat e" ,  Met hodObser vabl e. c l ass,

Obj ect . c l ass)  ) ;


