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Remote Procedure Calls

¢ |Introduced in 1984

: CLIENT SERVER :
Client Stub

Remote Procedure Calls

¢ Language neutral
 Based on the semantics of procedure calls
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Java Remote M ethod I nvocation

« JavaRMI provides aframework that can be used
to build distributed systems in Java

¢ RMI uses the Java object model to support object
oriented operations between hosts.

* Objects can be passed as both parameters and
return values.

« Behavior can be passed across a network.
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RMI Architecture

¢ Very similar to RPC

« Consistsof threelayers
Application

H CLIENT SERVER

T L ) T

Remote Reference Layer

Transport Layer
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RMI Architecture
¢ Stubs/Skeletons

— Stubs act asaproxy for the server

— Forward requests to server-side skeleton

— Skeleton makescall and returnsresult to stub

— Marshal Streams are used to transmit parameters
* Remote Reference Layer

— Handles the semantics of the call

— Currently multicast delivery is not supported
e Transport Layer

— Responsiblefor connection management

— Currently uses stream-based transport
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Timed.java

« Consider asimple time server and client. The
following interface describes the server:

public interface Timed extends java.rm .Renote {
String getTime() throws java.rm .RenoteException;

* Remote objects must directly or indirectly implement
java.rm. Renote

« Remote interfaces must be public and throw

java.rm. Renot eExcepti on
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Timedimpl .java

inport java.util.*; inport java.rm.*;
inmport java.rni.server. Uni cast RenoteQbj ect;

public class Tinedi npl extends UnicastRenoteCbject inplements Tined {
public Tinmedl npl () throws RemoteException { super(); }

public String getTime() throws RenpteException {
return new Date(). toString();}

public static void main(String args[]) {
System set Securi t yManager( new RM Securit yManager());

try {
Ti medl npl obj = new Ti medl npl ();
Nami ng. rebi nd("Ti meServer", obj); // URL based |ookup
} catch (Exception e) {
Systemout.printin(“Timedinpl err: * + e.getMessage());
Systemexit(1);
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TimedClient.java

inport java.rm.*;

public class TimedClient
public static void main(String argv[]) {
String curTine ="";

Systemout.println("Attenpting Lookup");
try {
Timed obj =
( Ti med) Nani ng. | ookup(" Ti meServer");
curTime = obj. get Time();
} catch (Exception e) {
Systemout. println(e.get Message());
Systemexit(1);
}

Systemout.println(curTine);
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Putting it Together

¢ Create. cl ass filesin the usua way
javac Tined.java Tinedlnpl.java Timeddient.java

Create the stub/skeleton using rmic

rmc Tined.cl ass
« Start the Javaregistry on the host machine
rniregistry
« Start the server
Start the client

.
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Passing Objects

« RMI can pass full objects as parameters and return
values

» Since objects contain behavior in addition to state,
thismeansthat it is possible to pass behavior
between machines.

¢ RMI uses Object Serialization to convert an object
to abyte stream for transport.
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Object Serialization

¢ To becomeseriaizable aclass need only declare
that it implementsthej ava. i 0. Seri al i zabl e
interface

e Thejava.io. Seri al i zabl e interface has no
methods and serves only to identify that aclass
may be serialized.

* For most objects the default methods, that
read/write each field individually, provided by
object serialization are sufficient.
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LogMessage.java
/1 Define what system |og messages | ook Iike.

import java.util.*;

public class LogMessage inplenents java.io. Serializable {
private String msg; private Date tine;

public LogMessage() {}
public void set Message(String what) {
nmeg = new String(what);

time = new Date(); }

public String toString() {
StringBuffer output = new StringBuffer();

out put . append(tine).append(": ");
out put . append( msg) ;

return new String(output);
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Log.java

Il A sinple log server. Provides a single nethod that
/Il wites a LogMessage to the system |og.

public interface Log extends java. rm .Renote {
voi d | og(LogMessage nsg) throws java.rm . RenoteException;
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Loglmpl .java

Il The actual system|ogger. Accepts LogMessages from any nunber
Il of clients. The log is a plain ASCII file.

inmport java.io.*; inport java.util.*; inport java.rm.*;
import java.rni.server. UnicastRenoteQbj ect;

public class Loglnpl extends Uni cast Renpt eObj ect inplenments Log {
public static final String defaultFilenane = "syslog.log";
private static PrintWiter |ogFile

public Loglnpl () throws RenoteException { super(); }
public synchroni zed void | og(LogMessage nsg)
throws RenoteException {

logFile println(msg);
logFile flush();
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Loglmpl .java (continued)

public static void main(String args[]
System set Securit yManager( new RM Securit yManager());

try {
logFile =
new PrintWiter(new Fil eQutput Streanfdefaul tFilename true));
} catch (Exception e) { Systemexit(1l); }

try {
Logl npl obj = new Logl npl ();
Nami ng. r ebi nd("LogSer vi ce", obj);
} catch (Exception e) { Systemexit(1l); }

logFile.print("Log Service started at ");
logFile.println(new Date());
logFile.flush();

}

2/19/01 1CSS235 - Java RMI 16

Main.java

/1 A log service client
inport java.rm.*;

public class min {
public static void main(String argv(]) {
Log syslog = null;
StringBuffer message = newStringBuffer("log entry X');

try { syslog = (Log)Naning. | ookup("LogService'): }
catch (Exception e) {
Systemout. printin( "main: " + e. getMssage() );
Systemexit(1);
}

for (char ch='0'; ch<='9'; ch++
message.set Char At (message. | ength() -1,ch);

try { syslog log(newLogMessage(new String(message))): }
catch (Exception e) {
Systemout.printin("main: " + e.getMessage() );

System exit(1);
J 001 1CSS235 - Java RMI 17

Client Identification

« The big problem with the basic log service is that
it does not record the identification of the client
making the log entry.

« Consider a second version of the log service that
alows clientsto obtain an 1D, and to use this ID
when making log entries.
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LogPlus.java

public interface LogPlus extends java.rni.Renote {
Logld getld() throws java.rm.RenoteException;
voi d | og(LogMessage nsg, Logld id)
throws java.rni.RenoteException;
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Logldjava

/1 The interface for a Logld
Il Note that this interface does not extend
/1 java. rm.renote which neans it cannot be a renote

/1 object.

public interface Logld {

void setld();
String toString();
}
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SimpleLogld.java

Il Generate a very sinple ID for a client
inport java.net.*;

public class SinplelLogld
inplements java.i o.Serializable, Logld {

private String id;

public SinpleLogld() {}

public void setld() {
try {id = Inet Address. get Local Host (). get Host Name () ; }
catch(Exception e) {
id = "Unknown host";
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Loglmpl .java

/1 A LogPlus inplementation. This service also supports
/1 old style Log messages

inport java.io.*;

inport java.util.*;

inport java.rm.*;

inmport java.rm.server.Uni cast Renot eQbj ect;

public class Loglnpl extends Unicast Renot eCbj ect
inmplements Log, LogPlus {
public static final String defaultFilename = "log.lo0g";

private static PrintWiter |ogFile;
public Loglnpl () throws RenoteException {

super ()
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Loglmpl .java (continued)

public synchronized void | og(LogMessage nsg)
throws RenoteException {
logFile.println(nsg);
logFile. flush();
}

public synchronized void | og(LogMessage nsg, Logld id)
throws Renpt eException {
logFile.print(id);
logFile.print(" ");
logFile.println(msg);
logFile.flush();
}

public Logld getld() throws RenoteException {
return new Sinpl eLogl d();
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Loglmpl .java (continued)

public static void main(String args[]) {
System set Securi t yManager(new RM Securi t yManager());

try {
logFile =
new PrintWiter(new FileCQutputStreanfdefaul tFilename true));
}
catch (Exception e) { Systemexit(1); }

try {
Logl npl obj = new Loglnpl ();
Nami ng. rebi nd("LogService", obj);

}
catch (Exception e) { Systemexit(1); }

logFile.print("Log Service started at ");
logFile.println(new Date());
logFile.flush();
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Client.java

Il A sinple LogPlus client
inport java.rm.*;

public class main {
public static void main(String argv[]) {
LogPlus syslog = null;
Logld nyld = null;

LogMessage msg = new LogMessage();
try {

syslog = (LogPl us) Nani ng. | ookup("LogService"):
} catch (Exception e) {

Systemout.println( "main: " + e.getMessage() ).
Systemexit(1);
}
2/19/01 1CSS235 - Java RMI 25
Client.java (continued)
try {

nyld = syslog.getld();

catch (Exception e) {

Systemout.println( "main: " + e.getMessage() );
Systemexit(1);

}

myld.setld();
Systemout.printin(nyld);
nsg. set Message (" Log message");

try {
sysl og. |l og(nsg,nyl d);
} catch (Exception e) {

Systemout.println(“min: " + e.getMessage() );
Systemexit(1);
}
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Remote Execution

interface Executor extends inplenents Renote {
voi d exec(Runnabl e task);

}

class Exec inplenents Executor {
voi d exec(Runnabl e task) { task.run(); }

class User {
void m() {
Executor e = (Executor)(Nami ng. | ookup("Executor"));
e. exec(new Runnabl e(), Serializable {
public void run() { soneLongConptuation(); } });
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