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COUNTER

public interface Counter {
void increment(int wval);
int getValue () throws RemoteException;




COUNTER

public class ACounter implements Counter{
public ACounter() {
super();

}

Integer value = ©;
public Object getValue() {
return value;
¥
public void increment(int val) {
value += val;
¥
public String toString() {
return "Counter:" + value;
¥
public boolean equals(Object otherObject) {
if (!(otherObject instanceof Counter))
return false;
return getValue() == ((Counter) otherObject).getValue();

}
}




REMOTE METHOD INVOCATION
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LOCAL REFERENCES IN BOTH ADDRESS SPACES
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Proxy is generate by RMI System. -
Proxy and server objects connected through extern-
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LOCAL REFERENCES IN BOTH ADDRESS SPACES
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CHECKED REMOTEEXCEPTION

Checked RemoteExcepti
occurs if network or serv

Server Proxy errors occur
——
~ Something the client
N) —
p programmer cannot control,
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m(pl, ...

\ / is checked

Method call must catc Method declaration must indicate it
RemoteException throw RemoteException in heade

How to make programmer put
throws clause?




LABELING REMOTE METHODS

Client Object

Server Proxy

Programmer must label methods as remotely invokable

If an interface “extends” or a class “implements” the Remote interface, then
every method in that class/interface labeled as Remote

Java ensures that every labeled method has the throws clause and
generates proxy method for only such a method




LOCAL VS. DISTRIBUTED COUNTER

public interface Counter {
void increment(int val);
Object getValue();

}

public interface DistributedRMICounter extends Remote {
void increment(int val) throws RemoteException;
Object getValue() throws RemoteException;

¥

Caller should handle errors

Checked exceptions

Distribution awareness




ACOUNTER A\

public class ACounter implements Counter{

}

public ACounter() {
super();

}

Integer value = 0;
public Object getValue() {
return value;
}
public void increment(int val) {
value += val;
}
public String toString() {
return "Counter:" + value;
}
public boolean equals(Object otherObjec
if (!(otherObject instanceof Counter))
return false;
return getValue() == ((Counter) otherObject).getValue();

}

How 1s it changed? @




DISTRIBUTEDRMICOUNTER

public class ADistributedInheritingRMICounter extends ACounter
implements DistributedRMICounter{

@Override

public boolean equals(Object otherObject) {

if (!(otherObject instanceofi DistributedRMICounter))

return super.equals(otherObject);

try {

return getValue().equals(

((DistributedRMICounter) otherObject).getValue());

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

return false;

}
}
}

How to do client specific processing?

Inherited methods implement two different
methods, with and without throws clause




CALLER-SPECIFIC PROCESSING

public class ADistributedInheritingRMICounter extends ACounter
implements DistributedRMICounter{
@Override

public boolean equals(Object otherObject) {

¥

public int getValue () ({

try {

System.out.println (RemoteServer.getClientHost ()) ;

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

}

return super.equals(otherObject); }

RemoteServer | static String getClientHost()




HOW TO CREATE A LOCAL PROXY
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How to connect the two? -
Proxy and server objects connected through external nam
of serialized proxies
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EXTERNAL NAME AND INTERNAL NAME BINDING

Objects shared among processes have external names.

file name for files

<machine, port> for socket

- A mechanism is provided to bind a local reference to an external name

File is opened in write mode giving file name

Server socket is bound to <machine, port>

A mechanism is provided to bind the external name to local reference

File is opened in read mode giving file name

Clients socket is connected to server socket using <machine, port>

0%.



LOCAL REFERENCES IN BOTH ADDRESS SPACES
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| How to connect the two? -

qProxy and server objects connected through external nam
of serialized proxies
[ How exactly? -
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NAME SERVER METHODS
e TTre—
lookup(String name) Remote obj)
RMI

\ Registry [
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handling r
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store it 1




NAME SERVER METHODS
lookup(String name) Remote obj)
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Name server kee

How to start R

How to get proxy r
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STARTING RMI REGISTRY FROM CONSOLE

set javabin=D:\"Program Files"\Java\jrel.6.0_03\bin
set CLASSPATH=D:/dewan_backup/java/gipc/bin
%javabin% \rmiregistry 1099

static void createRegistry(int port)

LocateRegistry

static Registry getRegistry(String host,
int port)




STARTING RMI SERVER FROM A PROGRAM

public class RMIRegistryStarter ({
public static void main (String[] args) {

try {
LocateRegistry.createRegistry (1099)
Scanner scanner = new Scanner (System.in),

Line () ;

Usually RMIRegistry started though
LocateRegistry is part of server process




NAME SERVER

Remote Registry rebind(String name,
lookup(String name) Remote obyj)
) )

RMI Registry simply stores what was sent to it
by rebind

How to create and store references rather than
copies?

If a stub has been created, then instance of stub
1s sent as reference




Client Object

Server Proxy

PROXIES (REVIEW)

Checked RemoteException
occurs if network or server

errors occur
/

Something the client
programmer cannot control, so it

is checked \ /

Method call must catch
RemoteException

Method declaration must indicate it may
throw RemoteException in header

The class of server object must

When is proxy class created? When is

implement Remote proxy created?




(GENERATING PROXY CLASS: COMPILATION

set javabin=D:\"Program Files"\Java\jdk1.6.0_03\bin
cd D:/dewan_backup/java/distTeaching/bin
%javabin%\rmic rmi.examples. ADistributedInheritingRMICounter

Directory of D:\dewan_backup\Java\distTeaching\bin\rmi\examples
11/20/2011 09:12 AM <DIR>

11/20/2011 09:12 AM <DIR> .
11/19/2011 08:17 PM 933 ADistributedInheritingRMICounter.class
11/20/2011 09:12 AM 1,977 ADistributedInheritingRMICounter_Stub.class
11/20/2011 09:13 AM 264 DistributedRMICounter.class
11/19/2011 07:35 PM 1,112 DistributedRMICounterClient.class
11/19/2011 06:17 PM 1,154 DistributedRMICounterServer.class
11/19/2011 08:14 PM 908 RMIRegistryStarter.class
6 File(s) 6,348 bytes

2 Dir(s) 125,598,871,552 bytes free

Pre-compiler works from object code and produces object stub code

Eclipse will delete object code it has not generated




INTERPRETIVE REFLECTION-BASED CLASS AND
PROXY CREATION

UnicastRemote
Object

.. Progy. Proxy Class
(ADlsmbutednl,nh‘tmtl)flgCounter—swb (ADistributedInheritingCounter_Stub)
mstace /
A /

static exportObject(Remote object, int port)

Creates a proxy object for th
object at the server end that c
sent to client

Remote Object
ADistributedInheritingCounter instance

If the stub class for the prox
Stub object keeps forwa been created so far, the
information (host and port conceptually created at ru J

remote object at serv




INVALID REMOTE INTERFACE

public interface DistributedCounter extends Remote,
Serializable {

void increment (int val) throws RemoteException;-

int getValue () throws RemoteException;

Interpretation

java.rmi.server. ExportException: remote object implements illegal remote
interface: nested exception is:

java.lang.lllegal AreumentException: 1llegal remote method encountered:

public abstract void rmi.examples.DistributedCounter.increment(int)
at sun.rmi.server.UnicastServerRef.exportObject(Unknown Source)

Compilation

D:\dewan_backup\Java\distTeaching\bin>%javabin%\rmic
rmi.examples.AnInheritingDistributedRMICounter
error: rmi.examples.DistributedCounter is not a valid remote interface: method void increme

nt(int) must throw java.rmi.RemoteException.

b}
J

1 error




LOCAL METHOD PARAMETER PASSING

Either a copy or reference to a parameter is passed determined by
whether it is a call-by-value or call-by-reference

Caller and caller can share memory if language has call-by-reference
or pointers

0%‘



REMOTE METHOD PARAMETER PASSING

Either a serialized copy or proxy to a parameter is passed determined
by ...?

Caller and caller cannot share memory, so an address cannot be
passed

0@%‘



COPY OR PROXY?

E. Should a parameter to a remote method be passed as a proxy or a serialize-

Exported? Not Serializable

o »
(Remote) Semelizelsle: Exception

Proxies generated by callee proc
through export

Only Remote instances can b
exported

Serialized




SERIALIZATION = MARSHALLING

Object replaceObject (Object)

extends

RMI : : :
Marshaller Object replaceObject (Object)

bJectOutputStream calls replaceObject(object) to
| what object is actually serialized and sen

RMI Marshaller returns stub if object IS-A Remot
'. been exported (at compile or runtime)

. ObjectInputStream uses stub or copy J-
Marshaller and Serializer are tied to each other through 4 @
Inheritance




NAME SERVER (REVIEW)

Rempte Registry rebind(String name,
lookup(String name) Remote obj)
A , T ,
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Proxy o

OMMUNCATION AFTER EXPORT

RMI Registry

” Proxy
\ /
xies are sent only for exported
objects

Caller

Exporting an object creates a proxy and cre
communication mechanism if such a mechani
been created already
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STARTING RMI SERVER FROM A PROGRAM
(REVIEW)

public class RMIRegistryStarter ({
public static void main (String[] args) {

try {
LocateRegistry.createRegistry (1099)
Scanner scanner = new Scanner (System.in),

Line () ;

Usually RMIRegistry started though
LocateRegistry is part of server process




SERVER LAUNCHER && EXPORT OBJIECT
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public class CounterServer { =
public static void main (String[] args) { ‘g
at

ry ()7

try {
Registry rmiRegistry = LocateRegistry.getRegis
= new

DistributedCounter counter
ADistributedInheritingRMICounter (),
) -

111 rﬂa_gi-'D%mnf%ﬁhj%h'i- evpnr‘f-ﬂhjeﬂ'l- ‘/ﬂﬂ17ﬂ'f_e1",

rmiRegistry.rebind (DistributedCounter.class.

counter) ;
counter.ircrement (50) ;

When does server terminate?




PERSISTENT THREAD IN SERVER

public class CounterServer {
public static void main (Strin

try {
Registry rmiRegistry = Lo
DistributedCounter count
ADistributedI

111 r‘«a_SfD%mmf%ﬁhj%h'i- o

ingRMICounter ()

ctlcounter N) -
\ 4 77

rmiRegistry.rebind (D1
counter) ;

counter.increment (50) ;
} caﬁ Debug 2 o Hierarchy 1l |
4 RMIRegistryStarter (1) [Java Application]

g CAProgram FilestJava\jredibintjavaw.exe (Mov 20, 2011 10:10:14 AM)
} 4 CounterServer [Java Application]
} 4 rmi.examples.Counterserver at localhost51929
& Thread [DestroylavaVM] (Running)
} g CAProgram FilestJava\jredi\bintjavaw.exe (Mov 20, 2011 10:15:15 AM)

%5 Debug 2 2 Hierarchy % | = | &~ — O
RMIRegistryStarter (1) [Java Application]
g C\Program FilesJava\jredi\bintjavaw.exe (Mov 20, 2011 10:10:14 AM)
<terminated= CounterServer [Java Application]
<disconnected> rmi.examples.Counter5erver at localhost:51914
@] =terminated, exit value: 0= C\Program Files\Java\jrefbin'javaw.exe (Mov 20, 2011 10:10:58 AN

7



COUNTER CLIENT

public class CounterClient {

public static void main (String[] args) {

try {

Registry rmiRegistry = |LocateRegistry.getRegistry () ;

DistributedCounter counter

= (ﬁiqfrihnfgdﬁmnnf@r )

4_ 'V'\V"I'V\‘I_7 / ﬂﬂﬂﬂﬂ 4_ I

rmiRegistry.lookup (DistributedCounter.class.getName ()

N/\‘I_T7"\711/'\ /\ \ ]

) ;

S at m ] . o
y;._, C It e UU T ..b/"_ L1I1IC LI (CUULIITT L .

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

gccvaTroac (/77

Two different ways to get references, one for bootstrapping




UNDERSTANDING EQUALS (SERVER)

public class ServerRMICounterComparer extends RMICounterLauncher {
public static void main (String[] args) {
try {

Registry rmiRegistry = LocateRegistry.getRegistry();
DistributedRMICounter counterl =

new ADistributedInheritingRMICounter();
DistributedRMICounter counter2 =

new ADistributedInheritingRMICounter();
UnicastRemoteObject.exportObject(counterl, 0);
UnicastRemoteObject.exportObject(counter2, 0);
rmiRegistry.rebind (COUNTER1, counterl);
rmiRegistry.rebind (COUNTER2, counter2);
DistributedRMICounter proxyl =

(DistributedRMICounter) rmiRegistry.lookup(COUNTER1);
System.out.println(counterl.equals(counter2));
System.out.println(counterl.equals(proxyl));
System.out.println(counterl.hashCode() == proxyl.hashCode());
System out prlnth(proxyl),

} ca SewerHMICDunterTes.ter [Java Application] D:\Program Flles.‘n,la*.raijrﬂ 6.0_04'\bin'\javaw.exe (Sep 27, 20
€. true
} true
} false
} Proxy[DistributedRMICounter,RemotelObjectInvocationHandler[UnicastRef [liveRed

&S




UNDERSTANDING EQUALS (SERVER) (REVIEW)

public class ServerRMICounterComparer extends RMICounterLauncher {
public static void main (String[] args) {
try {

Registry rmiRegistry = LocateRegistry.getRegistry();
DistributedRMICounter counterl =

new ADistributedInheritingRMICounter();
DistributedRMICounter counter2 =

new ADistributedInheritingRMICounter();
UnicastRemoteObject.exportObject(counterl, 0);
UnicastRemoteObject.exportObject(counter2, 0);
rmiRegistry.rebind (COUNTER1, counterl);
rmiRegistry.rebind (COUNTER2, counter2);
DistributedRMICounter proxyl =

(DistributedRMICounter) rmiRegistry.lookup(COUNTER1);
System.out.println(counterl.equals(counter2));
System.out.println(counterl.equals(proxyl));
System.out.println(counterl.hashCode() == proxyl.hashCode());
System out prlnth(proxyl),

} ca SewerHMICDunterTes.ter [Java Application] D:\Program Flles.‘n,la*.raijrﬂ 6.0_04'\bin'\javaw.exe (Sep 27, 20
€. true
} true
} false
} Proxy[DistributedRMICounter,RemotelObjectInvocationHandler[UnicastRef [liveRed




UNDERSTANDING EQUALS (CLIENT)

public

class ClientRMICounterTester extends RMICounterLauncher {

public static void main (String[] args) {
try {

} c

}
}

e.

}

Registry rmiRegistry = LocateRegistry.getRegistry();
DistributedRMICounter counterll =

(DistributedRMICounter) rmiRegistry.lookup(COUNTER1);
DistributedRMICounter counterl2 =

(DistributedRMICounter) rmiRegistry.lookup(COUNTER1);
DistributedRMICounter counter2 =

(DistributedRMICounter) rmiRegistry.lookup(COUNTER2);
System.out.println(counterl2 == counterll);
System.out.println(counterl2.equals(counterlil));
System.out.println(counterll.hashCode() == counterl2.hashCode());
System.out.println(counterll.equals(counter2));
System.out.println(counterll.hashCode() == counter2.hashCode());
System.out.println(counterl2);

atch (Exception e) {

<terminated> ChentEMICounterTester [Java Application] :\Program Files'Jav
false

true

true

false

false

Proxy[DistributedRMICounter,RemoteObjectInvocationHandler[L




ADD EQUALS IN REMOTE INTERFACE?

public interface Counter {
void increment(int val);
Object getValue();

}

public interface DistributedRMICounter extends Remote {
void increment(int val) throws RemoteException;

Object getValue() throws RemoteException;

boolean equals(Object otherObject) th*s RemoteException;

}




ADD EQUALS IN REMOTE INTERFACE?

public static void remoteEqualsIssue () {

Object counterl = null;

Object counter2 = null;

try {
Registry rmiRegistry = LocateRegistry.getRegistry();
counterl = rmiRegistry.lookup(COUNTER1);
counter2 = rmiRegistry.lookup(COUNTER2);

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

System.out.println(counterl.equals(counter2)

}

Conceptual issues arise because every object has equals

Remote IS-A Object

Interface IS-A Class!!




RMI LIMITATION

Cannot call Object methods remotely

e.g. equals()

e.g. toString() (ObjectEditor uses it extensively)




RMI REPOSITORY SHARED BY MULTIPLE CLIENTS

public class ARemoteRepository implements RemoteRepository {
List<Remote> remotes = new ArrayList();
public void deposit(Remote anObject) {
remotes.add(anObject);
}
public List<Remote> getObjects() {
return remotes;

}
}




RMI SERVER HOLDING REPOSITORY

public class AnRMIRepositoryServerLauncher
extends RemoteRepositoryLauncher {
public static void main (String[] args) {
try {
Registry rmiRegistry = LocateRegistry.getRegistry();
RemoteRepository repository = new ARemoteRepository();
UnicastRemoteObject.exportObject(repository, 0);
rmiRegistry.rebind (COUNTER _REPOSITORY, repository);
} catch (Exception e) {
e.printStackTrace();




SHARING CLIENT

public class AnRMIRepositoryClientLauncher

extends RemoteRepositoryLauncher{

public static void main (String[] args) {

try {
Registry rmiRegistry = LocateRegistry.getRegistry();
RemoteRepository counterRepository = (RemoteRepository)
rmiRegistry.lookup(COUNTER REPOSITORY);
DistributedRMICounter exportedCounter = new
ADistributedInheritingRMICounter();
UnicastRemoteObject.exportObject(exportedCounter, 0);
counterRepository.deposit(exportedCounter);
exportedCounter.increment(1);
List<Remote> objects = counterRepository.getObjects();
for (Remote counter:objects) {
System.out.println(((DistributedRMICounter) counter).getValue());

System.out.println(counter == exportedCounter);
}
} catch (Exception e) { El Console 52 ¥ Tasks| 4" Search
e.printStackTrace(); <terminated> AnRMIRepositoryClientLauncher |
1
¥ AnRMIRepositoryClientLauncher false
1 1

false
false




INHERITING DISTRIBUTEDRMICOUNTER

public class ADistributedInheritingRMICounter extends ACounter
implements DistributedRMICounter{
@Override
public boolean equals(Object otherObject) {
if (!(otherObject instanceof DistributedRMICounter))
return super.equals(otherObject);
try {
return getValue().equals(
((DistributedRMICounter) otherObject).getValue());
} catch (RemoteException e) {
e.printStackTrace();
return false;

}
}
}

IS-A link statically bound to reused code but requires
less work




DELEGATION TO COUNTER

public class ADistributedDelegatingRMICounter
extends| UnicastRemoteObject [implements DistributedRMICounter{
Counter counter = new ACounter();
public ADistributedDelegatir~ "MICounter()
super();

}
public Object getValue()

throws RemoteException {

}

public void increment(int val) { Correct semantics
counter.increment(val); of hashcode

}

public boolean equals(Object otherObject) {
if (!(otherObject instanceof DistributedRMICounter))

super.equals(otherObject);

try {
return getValue().equals(

((DistributedRMICounter) otherObject).getValue());
} catch (RemoteException e) {

e.printsS T =
refc)urn ¢ HAS-A link can be dynamically bound to reused code

} but requires more work

}

}




COMPARER

public class DelegatingServerRMICounterComparer
extends RMICounterLauncher {
public static void main (String[] args) {

try {

Registry rmiRegistry = LocateRegistry.getRegistry();

DistributedRMICounter counterl =

new ADistributedDelegatingRMICounter();
DistributedRMICounter counter2 =

new ADistributedDelegatingRMICounter();
rmiRegistry.rebind (COUNTER1, counterl);
rmiRegistry.rebind (COUNTER2, counter2);
DistributedRMICounter proxyl =

(DistributedRMICounter) rmiRegistry.lookup(COUNTER1);
System.out.println(counterl.equals(counter2));
System.out.println(counterl.equals(proxyl));

System.out.println(counterl.hashCode() == proxvl.hashCode()):

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

No exportObject()

} DelegatingServerBMICounterComparer

} true
} true
true




SUMMARY: DISTRIBUTED ARCHITECTURE

Callee

Proxy

Object

RMI Registry

2
\ 4

\

Caller [ RMIRegistry can run as part of Callee (or e. .
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SUMMARY: RMI API

Remote Registry rebind(String name,
lookup(String name) Remote obj)

Registry gétRegistry
(String host, int port)

Registry
createRegistry(port)
| )
M

RMI UnicastRemote
Registry Object




SUMMARY

o Java RMI is built on a data communication layer

o To allow methods of an object to be invoked remotely, the
process containing an object must first generate a proxy
for 1t and then register the proxy in an RMI registry

* Such a process does not terminate when 1ts main method exits.

o The process wishing to invoke methods on a remote
object must fetch a serialized version of its proxy from
the registry, which contains proxy methods for the
remote methods of the remote object.

o Both a client and a server can register and lookup
objects.

o The lookup must be done after the register.

o This means that a server must wait for some call from
the client before looking up a proxy for it.

e A remote method call can ask RMI for the host of the caller to
generate the proxy

e Usually the client will send a proxy with a call as we will see
later, but we have i1llustrated the getHost() call




SUMMARY

o Proxy methods marshal method calls into messages
on the data communication and unmarshal received
message 1nto return values.

o Errors on the communication channel are not under
the control of the programmer, so remotely invoked
methods must acknowledge the checked
RemoteException

» In a proxy for a remote object, proxy methods are
generated only for remote methods of the object

o All methods of a class implementing and an interface
extending Remote are remote methods.

* A remote method must acknowledge the checked
RemoteException

e This checking 1s done when the proxy is generated.

53



SUMMARY

o This means Object methods such as equals(),
toString() and hashcode() cannot be invoked
remotely

o It also means that i1f we want to create a central
model connected to distributed views/controllers,
then all of these classes must be made distribution
aware.

o Can reuse existing non distribution unaware versions of

these classes by inheriting from them or delegating to
them.




SUMMARY

o In RMI, each remote object associated with a server
communication channel, that 1s, a channel to which
any process can connect.

o As a result a proxy to a remote object can be sent to
any other process.

o In RMI a parameter to a remote method 1s sent by
reference (as a proxy) if it is of type Remote and by
copy 1f 1t 1s Serializable.

o In RMI, two proxies to the same remote object are
not == to each other

o If an exported object 1s fetched, a proxy rather than
the original object 1s returned, but the equal()
method 1s locally called correctly.




LAUNCHING MULTIPLE PROCESSES ON ONE
HoST IN ECLIPSE

%5 Debug % o Hierarchy oo |

4 [T RMIRegistryStarter (1] [Java Application]
g CAProgram FilestJava\jredibintjavaw.exe (Mov 20, 2011 10:10:14 AM)
a [7] CounterServer [Java Application]

4 rmi.examples.Counterserver at localhos

»® Thread [DestroylavaVM] (Running) | IMlust remember which programs are to be launched
gl CA\Program FilesJava\jred\bin'javaw.e

Must remember the order (.eg. Registry before Server
before client)

Can see the console I/ of only one process at one time

Must manually start and kill each process and select the
console-window process

Running from the command window is unfamiliar and
requires swithcing away from Eclipse




LAUNCHING MULTIPLE PROCESSES: Ul

e —
Common AMainClassList

FelayingCollaborativeRMIRegistryStarter
ARelayingCollaborativeRMIServerVC_Launcher
AliceRelayingCollaborativeRMIUpperCaselauncher
BobRelayingCollaborativeRMIUpperCaselLauncher
CathyRelayingCollaborativeRMILpperCaselauncher

AN

4 l | |"I




DOUBLE CLICKING ON REGISTRY

Common AMainClassList

ARelayingCollaborativeRMIServerVC_Launcher

AliceRelayingCollaborativeRMIUpperCaselauncher

BobRelayingCollaborativeRMIUpperCaselLauncher

CathyRelayingCollaborativeRMILpperCaselauncher




Common  AConsoleModel

DOUBLE CLICKING ON SERVER

Common AMainClassList

1: |RelayingCollaborativeRMIRegistryStarter

3. |AliceRelayingCollaborativeEMIUpperCaselauncher
4: |BobRelayingCollaborativeRMIUpperCaselauncher
| B: |CathyRelayingCollaborativeRMIUpperCaselLauncher

Commaon AConsoleModel




DOUBLE CLICKING ON ALICE LAUNCHER

Implementation

ainClassList
Common AMainClassList

M}: T}rpeHierarchﬂ % 0 00 W &F | A %| ?5:” & ¥ = O

a [7] DemoerOfRelayingCollaborativeRMI_MVC [Java Application]
4 & examples.mvcrmi.collaborative.relaying. DemoerQfRelayingCollaborativeRMI_MVC at localhost:58983
g8 Thread [AWT-Shutdown] (Running)
% Daemon Thread [AWT-Windows] (Running)
¥ Thread [AWT-EventQueue-0] (Running)
g8 Thread [DestroylavalM] (Running)
g Thread [Thread-4] (Running)
5 ¥ Thread [Thread-5] (Running)
¥ Thread [Thread-6] (Running)
Common  AC @ Thread [Thread-7] (Running)
— g8 Thread [Thread-9] (Running)
¥ Thread [Thread-8] (Running)
s C:\Program Files\Java'jref\bin'javaw.exe (Sep 23, 2012 1:37:46 PM)

Except for OE Coc

ltern: Bean Paitern
se annotation @StructurePatte

sel

Il | [» < Il | 1 M |

IF
k




i Helayinﬁ

| Common AC

ECLIPSE VS. JAVA PROCESSES

| £ [AMainC

How may Eclipse
processes?

' Common AMainClassList

|2 Words of Rob... L {E1 [l

fﬁ? Debug &3 e Type Hierarchﬂ

% 0w 00 BN

A

= O

a [7] DemoerOfRelayingCollaborativeRMI_MVC [Java Appli)zéi-on] $

of Rober Frost p..

a|gE E:{amples.mvc.rmi.colIaborative.relaying.[}emoerO’ﬁFelayinch*laborativeRMI_M‘u'C at localhost: 58983

g8 Thread [AWT-Shutdown] (Running)

% Daemon Thread [AWT-Windows] (Running)
¥ Thread [AWT-EventQueue-0] (Running)
g8 Thread [DestroylavalM] (Running)

g Thread [Thread-4] (Running)
¥ Thread [Thread-5] (Running)
¥ Thread [Thread-6] (Running)
g Thread [Thread-7] (Running]
g8 Thread [Thread-9] (Running)
¥ Thread [Thread-8] (Running)

p| C:\Program Files\Java'jref\bin\javaw.exe (Sep 23, 2012 1:37;

All processes

No debugger for
app processes

|" ARelayingCollaborativeRMIFrostyModel

ecause of java version incompa

ilitern: Bean Paitern

15e annotation @StructurePaite

asel
jEvaw.exe dewan a0 Java(TM) Platform SE binary
java.exe dewan a0 Java(TM) Platform SE binary
java.exe dewan a0 Java(TM) Platform SE binary
java.exe dewan a0 Java(TM) Platform SE binary
|
! q Il | IC q| Il (] Il | [ »
—_— — ——




KILLING ECLIPSE PROCESS

[]g Words of Rob.. = [ (5). [

%5 Debug 3 e Type Hierarchy % | | | e ~ — 8

a [T <terminated> DemoerOfRelayingCollaborativeRMI_MVC [Java Application] of Rober Frost o laca=h
r Fros p[ |ﬂ

<terrninated> examples.mvc.rmi.collaborative.relaying. DemoerOfRelaying CollaborativeRMI_MVC at lo
g <terminated, exit value: 1> C:\Program Files\Java'jred\bin\javaw.exe (Sep 23, 2012 1:37:46 PM)

=

All consoles destroyed _ .
| £ [ARelayingCollaborativeRMIFrostyMo... E@g
Common ARelayingCollaborative RMIFrostyModel ‘
Input: | | ‘
Output:
Processes reading from standard 1/O killed as producers
of these streams are destroyed
Processes exporting remote object or having AWT
thread not killed
ava.exe denan 05 . Java(TM) Piatform SE binge
Could eclipse process not detect its killing an destroy Eclipse calls Process.destroy()
its forked processes? and not OS kill

Regular but not eclipse process cannot




KILLING FROM AMAINCLASSLIST

[AMainClassList

Common

1: m_strymarter

2: |ARelay Execute({Class) verVC_Launcher |_ —

.: Terminate Children

4: |BobRelayingCollaborativeRMIUpperCaselauncher

5: |CathyRelayingCollaborativeRMIUpperCaselauncher |(2lARey =
Common ARelayingCollaborative RMIFrostyModel
& = S A i < Input: |
npu
Common  AConsoleModel Common AConsoleModel Common  ACO|| gytput:

oeall20 Copyrig
Cbject Editar Ve

Built On: Unknown time because of java version incomps '

W= Assuming implicit paltern: Bean Paltern |
Ifthis pattern is correct, use annotation @StructurePatte

exception

Waords of Rober Frost please!




ALL PROCESSES KILLED

a [7] <terminated= DemoerCOfRelayingCollaborativeRMI_MVC [Java Application]
<terrminated= examples.mvec.rmi.collaberative relaying. DemoerOfRelaying CollaborativeRMI_MVC at lo
a <terminated, exit value: 0> C:\Program Files\Java\jre6\bin\javaw.exe (Sep 23, 2012 2:51:54 PM)




LOCAL AND REMOTE RESPONSE

Common AMainClassList

1: |RelayingCollaborativeRMIRegistryStarter

2. |ARelayingCollaborativeRMIServerMYC_Launcher

3. |AliceRelayingCollaborativeRMIUpperCaselLauncher

4: |BobRelayingCollaborativeRMIUpperCaselauncher

h: |CathyRelayingCollaborativeRMIUpperCaselLauncher

4 lll | |P|

Programming Interf




MULTI-PROCESS LAUNCHER API

import bus.uigen.models.MainClassListLauncher;
public class DemoerOfRelayingCollaborativeRMI_MVC {
public static void main(String args[]) {

demo();

}
public static void demo() {

Class[] classes = {
RelayingCollaborativeRMIRegistryStarter.class,
ARelayingCollaborativeRMIServerMVC Launcher.class,
AliceRelayingCollaborativeRMIUpperCaselLauncher.class,
BobRelayingCollaborativeRMIUpperCaselLauncher.class,
CathyRelayingCollaborativeRMIUpperCaselLauncher.class

¥

MainClassListLauncher.launch(classes);




MULTI-PROCESS LAUNCHER

package bus.uigen.models;

import util.models.ListenableVector;

import bus.uigen.ObjectEditor;

public class MainClassListLauncher {

public static void launch(Class[] classes) {
ListenableVector<Class> classList = new AMainClasslList();
for (Class aClass:classes) {
classList.add(aClass);

}
ObjectEditor.edit(classList);




MAIN CLASS LIST

import java.util.ArraylList;
import java.util.List;
import util.annotations.Visible;
import util.models.AListenableVector;
import util.remote.ProcessExecer;
import bus.uigen.misc.OEMisc;
public class AMainClassList extends AListenableVector<Class>
implements Runnable {
List<ProcessExecer> gxecuted = new ArrayList();
public AMainClasslList() {

Thread thread = new Thread(this);

Runtime.getRuntime().addShutdownHook (thread);
}
@Visible(false)
public void run() {

killAllChildren();

}




MAIN CLASS LIST

}

public void open(Class element) {
executed.add(OEMisc.runiWithObjectEditorConsole(element, ""));
}
public void execute(Class element) {
open(element);

}
public void terminateChildren() {
killAllChildren();
}
public void terminateAll() {
System.exit(9);
} % (AMainClasstistiRoct 3T = bt
void killAllChildren() { Common | AMainClassList | |
for (ProcessExecer processExecer) 1: |Relayij Terminate All stryStarter |
processExecer.getProcess().des 2 |ARelaj Execute(Class) verhVC_Launcher
} 3: |AliceR Terminate Children |UpperCaselauncher
} '4: BobRelayingCollaborativeRMIUpperCaselauncher
B

CathyRelayingCollaborativeRMIUpperCaselauncher




INSTANTIATING AND EDITING PROCESS EXECER

public static ProcessExecer runWithObjectEditorConsole(
Class alavaClass, String args) {
ProcessExecer processExecer =
new AProcessExecer(alavaClass, args);
Process process = processExecer.execProcess();
ConsoleModel consoleModel = processExecer.consoleModel();
OEFrame frame = ObjectEditor.edit(consoleModel);
consoleModel.initFrame(
(Frame) frame.getFrame().getPhysicalComponent());
frame.setTitle(consoleModel.getTitle());
return processExecer;




PROCESS EXECER

public class AProcessExecer implements ProcessExecer {

Process process;

String className;

String args;

ConsoleModel consoleModel;

String command;

String title;

public AProcessExecer( Class alavaClass, String anArgs) {
className = aJavaClass.getName();
args = anArgs,;
String classPath =

System.getProperty("java.class.path");

command = "java -cp " + classPath + " " + className +
title = aJavaClass.getSimpleName() + + args;

+ args;




PROCESS EXECER

public Process execProcess() {
try {

}

Runtime rt = Runtime.getRuntime();
System.out.println("Execing command " + command);
System.out.println("Working Directory = " +
System.getProperty("user.dir"));

File binDirectory = new File ("bin");

process = rt.exec(command, null, binDirectory);
consoleModel = new AConsoleModel(process, title);
catch (Exception e) {

e.printStackTrace();

return null;

return process;

}
}




EXPORTING STATE

}

public Process getProcess() {
return process;

}

public ConsoleModel consoleModel() {
return consoleModel;

}

public void destroy() {
process.destroy();

}

public String getTitle() ({
return title;

}




ACONSOLEMODEL

public class AConsoleModel implements ConsoleModel {
String input = "";
StringBuilder output = new StringBuilder("");
Thread outputThread, errorThread;
PrintStream printStream;
Process process;
String title;
PropertyChangeSupport propertyChangeSupport;
public AConsoleModel(Process aProcess, String aTitle) {
propertyChangeSupport = new PropertyChangeSupport(this);
process = aProcess;
title = aTitle;
printStream = new PrintStream(process.getOutputStream());
outputThread = new Thread(new AConsoleModelStreamReader
"out", process.getInputStream(), this));
errorThread = new Thread(new AConsoleModelStreamReader("error",
process.getErrorStream(), this));
outputThread.start();
errorThread.start();

}




ACONSOLEMODEL

}

@ComponentWidth(1200) @Position(1)
public String getInput() {
return input;

}

public void setInput(String newVal) {
addOutput(newVval);

printStream.println(newVal);
printStream.flush();
propertyChangeSupport.firePropertyChange(
new PropertyChangeEvent(this, "input", null, input ));
}

@Visible(false)
public void addOutput(String newVal) {
output.append(newvVal + "\n");
propertyChangeSupport.firePropertyChange(
new PropertyChangeEvent(this, "output", null, output ));

@DisplayToString(true) @PreferredWidgetClass(JTextArea.class)
@ComponentWidth(1200) @Position(9)

public StringBuilder getOutput() {
return output;

}




ACONSOLEMODEL

@Visible(false)
public String getTitle() {
return title;

}
public void exit() {

process.destroy();

}

public void addPropertyChangelListener(PropertyChangelListener alListener) {
propertyChangeSupport.addPropertyChangelListener(alListener);

}

@Visible(false)
public void initFrame(Frame aFrame) { }




STREAM READER

public class AConsoleModelStreamReader implements Runnable {
BufferedReader bufferedReader;
String type;
ConsoleModel consoleModel;
public AConsoleModelStreamReader(String aType,
InputStream anInputStream, ConsoleModel aConsoleModel) {
consoleModel = aConsoleModel;
bufferedReader = new BufferedReader(
new InputStreamReader(anInputStream));

}
public void run() {

try {
String line = null;
while ((line = bufferedReader.readLine()) != null) {
consoleModel.addOutput(line);
}
} catch (IOException ioe) {
ioe.printStackTrace();

}
}




LAUNCHER




SUMMARY

o Need to give local host as the location of all processes, no
change needed 1n the rest of the application.

o Eclipse and other programming environments allow
launching of only one process at a time and do not allow
the console I/0 of all processes to be viewed
simultaneously

o We can use a script to run the processed in different
command windows but then we must set the class path
for launching programs from console windows.

o Java provides several for us to write a general
mechanism to launch multiple processes from another
process, set their paths, and redirect their I/0 to our own
simulations of command windows.

o The launching process can be a process launched by a
programming environment such as Eclipse.




SUMMARY

o The Java Runtime.getRunTime().exec() call can be used to run
(exec) the java command to create a non programming
environment Java process represented by the Process object
returned by the call.

This command can be given the class path of the programming
environment process that creates the non programming
environment processes

The class path of a process 1s in a property fetchable from the
System class.

o A Process object has properties representing its input, output,
and error streams, which can be used to create our own console
for 1t.

Two threads can be created to read the output and error of the
process and display it in our own console

Input trapped by our console can be written to the processes’s
Input stream.

Counter-intuitevly a processes’s input(output) stream is fetched by
calling the getOutput(Input)Stream() method of the Process object
representing it because these streams are output(input) streams
for the process invoking methods on these objects.




SUMMARY

o When the launching process is killed we want to
destroy all processes launched by 1it.

o A programming environment does not know about
these processes, so it cannot kill them.

o So we must write our own code to kill these child
processes.

o Java provides a mechanism for a process to detect
when 1t 1s shutting down.

o However, this code 1s not called when a
programming environment kills the process because
1t destroys the process rather than shuts i1t down.

o Shutting down can be done only by the OS

o The launching process can provide a user interface
to manually call this code




SUMMARY

o We have used OE and these facilities to create a general
abstraction for launching processes with separate
consoles.

o The abstraction requires the programmer to specify a list
of main classes to be executed and provides an API.

o The open method can then be called on this abstraction
with one of these classes as an argument to start the
program and bind it to a console.

o The abstraction can be displayed using ObjectEditor,
which displays each of the main classes and allows a
programmer to click on a class to invoke the open method
with the class as an argument.

o A process object 1s wrapped in a ProcessExecer object
which launches the process and stores information about
the process displayed to the user

©



SUMMARY

o The console 1s simply a Bean with an input String
property displayed in a text field and an output
String property displayed in a text area.

» It does not provide a setter to set the output directly.
» Instead it provides an addOutput() method to append the
next line of output to the console.

o Each console Bean 1s connected to a process whose
I/0 1t handles

o Its setInput() method writes to the input stream of
the stream of the process.

o It creates the threads to read the processe’s output and
error, which call the addOutput() method




EXTRA SLIDES




DOUBLE CLICKING ON ALICE LAUNCHER

[ Implementatio , : |
ainClass o of Rob. AR
Common AMainClassList

1: |RelayingCollaborativeRMIEegistryStarter
2: |ARelayingCollaborativeRMIServerMVC_Launcher L Words of -
|
4: |BobRelayingCollaborativeRMIUpperCaselauncher
| 5: |CathyRelayingCollaborativeRMIUpperCaselauncher e =
Common  ARelayingCollaborativeRMIFrostyModel
%] ARelayi 5 ot |
Common  AConsoleModel || Common  AConsoleModel Common  ACO|| gytput:

oeall20 Copyrig
Cbject Editar Ve :
Built On: Unknown time because of java version incomps
W= Assuming implicit paltern: Bean Paltern |
Ifthis pattern is correct, use annotation @StructurePatte
exception
Waords of Rober Frost please!

|
I Il | [ » 1| Il | 1 ll r
e




DOUBLE CLICKING ON ALICE LAUNCHER

- =
= =

=

-
%7 Debug 7 s Type Hierarchﬂ 5% 1 [
4 [0 DemoerOfRelayingCollaborativeRMI_MVYC [Java Application]
4 & examples.mvermi.collaborative.relaying DemoerOfRelayingCollaborativeRMI_MVC at localhost:58983

¥ Thread [AWT-Shutdown] (Running)

& Daemon Thread [AWT-Windows] (Running]

g8 Thread [AWT-EventQueue-0] (Running)

¥ Thread [DestroylavaVM] (Running)

¥ Thread [Thread-4] (Running]

g Thread [Thread-5] (Running)

g8 Thread [Thread-6] (Running)

¥ Thread [Thread-7] (Running)

¥ Thread [Thread-9] (Running)

g Thread [Thread-8] (Running)

o Ch\Program Files\Java\jre@\bin'javaw.exe (Sep 23, 2012 1:37:46 PM)




ISSUE

How to use RMI for implementing various

properties of a collaborative applications?

In particular one implemented using MVC?

Will use our MVC-based uppercasing application
as an example
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How to use RMI for implementing various

properties of a collaborative applications?

In particular one implemented using MVC?




