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Glossary

	Proxy
	Makes RMI transparent to clients by behaving like a local object to the invoker, but instead forwarding the invocation to a remote object

	Stub
	Similar to Proxy: Instead of executing a stub procedure marshals the procedure identifier and the arguments into a request message, which it sends via its communication module to the server. It also unmarshals results from the reply message

	CM
	Communication module carries out the request-reply protocol. A communication module exists on both client and server. CM in the server selects the dispatcher for the class of the object to be invoked, passing on its local reference, which it gets from the remote reference module in return for the remote object identifier in the request message.

	RRM
	Remote Reference Module is responsible for translating between local and remote object references and for creating remote object references.

	Dispatcher
	Dispatcher receives the request message from the communications module. It uses the methodID to select the appropriate method in the skeleton, passing on the request message. Dispatcher and proxy use the same allocation of methodIDs to the methods of the remote interface.

	Skeleton
	The class of a remote object has a skeleton, which implements the method in the remote interface. Skeleton unmarshals the arguments in the request message and invokes the corresponding method in the remote object. It waits for the results and marshals them in a reply message to the sending proxy’s method.


1. Objective

The general objective for this course project was to implement Remote Method Invocation in Java language without using the java.rmi.* package. We learned about Java’s RMI architecture in class, and this was our chance to implement the mechanism on our own. 

We were given the following pieces to get started: 

· SimpleRegistry service, that provides the rebind and lookup methods
· Client programs to test our RMI implementations.


Therefore the remaining parts were left for us to fill in: the dispatcher, Remote Reference and Communications Modules, and the skeletons on the server side; and CM, RRM and the proxy (stub) on the client side.
The goal is to be able to compile and run files responsible for RMI and make sure that the testing client programs provided are able to invoke the methods in their servers remotely.
2. Architecture Diagram
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3. Object Collaboration Diagram



4. Object Description

Invoker:

Purpose:
In our case this is a client program provided to us with the purpose of testing Remote Method Invocation.

What it does:
Invokes (tests) all Server methods one at a time.
How:
It takes registry port and host as arguments, as well as the service name and the data file with zip codes. It then tries to connect to SimpleRegistryServer on the host:port specified and lookup the given service name. It gets the ROR from the registry uses the localize method to create a stub and passes along the method invocation request to the stub.
Proxy:

Purpose:
To make RMI transparent to the client by behaving like a local object to invoker.
What it does:
Marshals the arguments, unmarshals results, sends and receives messages from the client, forwards the method invocation requests to CM.
How:
Uses recurrence and String Tokenizer to marshal and unmarshal objects. Transfers the method invocation request to the CM.
CM:

Purpose:
To carry out the request-reply protocol, that transmits request and reply messages between client and the server.
What it does:
Trades request reply messages, selects the dispatcher for the class of the object to be invoked on the server using the RRM. Passes control to the dispatcher.
How:
Uses PrintWriter and BufferedReader to wrap around streams.
RRM:

Purpose:
To translate between local and remote object references and to create remote object references.

What it does:
It gets a remote ROR and looks up the object in the table. It then returns local object reference to the caller. In case ROR is not in the table an entry is created for it.

How:
Uses a Hashtable of remote object references in RORtbl.

Dispatcher

Purpose:
To dispatch the appropriate method in the skeleton.
What it does:
It receives the request message from the CM, selects the appropriate method in the skeleton and calls that method, passing it the request message content (marshalled parameters).
How:
Uses the methodID to select the method
Skeleton

Purpose:
To provide transparency by implementing the methods in the remote object.
What it does:
Unmarshals the arguments in the request message and invokes the corresponding method in the remote object with these arguments. Gets method result, marshals it and passes it back to Dispatcher.
How:
Uses String Tokenizer to marshal and unmarshals.
Remote Object

Purpose:
To implement certain methods on the server side.
What it does:
It gets an invocation request for a certain method, runs the method and sends a result to the skeleton.

How:
Implements a remote interface. 
SimpleRegistryServer

Purpose:
To provide methods for storing and retrieving remote object references bound with arbitrary string names.

What it does:
It processes 3 requests:   (1) lookup-returns ROR, 2) rebind - binds ROR, (3) "who are you?" -  "I am simple registry server."
How:
Utilizes a hashtable.
5. Challenges

It was a challenge to figure out how to avoid using serializable in our code. For the first test set (ZipCodeClient), we managed to avoid it by  marshalling it into a concatenation of strings and using the String tokenizer for marshalling the data instead. For the second test sets (RLists), we combined the previous method with recursion to pack a “link list” of ZipCodeRList objects into a single one. That accomplished the unmarshalling.
6. Limitations compared to Java RMI.
First we didn’t do any error checking; so, the limitations are obvious. Next, ours is not multi-threaded. So, if many clients call the server at once, it might get “connection refused”. Our RMI lacks auto-generated skeleton and stub. In our case stub is implemented manually on the client, and we are dynamically instantiating instead of downloading the stub class from the server. Also, since we do not have serialized data we do not implement persistent stores such as storing serialized instances of the data object into disk;  our server stores everything in memory only, and if the machine is powered down all data is lost, unlike Java RMI (saves state on disk).

7. Possible Future Improvements

We would implement multi-threaded capabilities, if we had more time. The server would then create a new thread to serve every new request that is accepted. This should lead to better performance.

Another possible future improvement could be serializing the object and storing state on disk to prevent losing data on power-off.

We could also work on improving our interface. For instance if we could modify the service name dynamically.
8. Output Screenshots

For fist test set:
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Registry:
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Client side:
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SECOND SET OF TEST:

Server:

[image: image7.png]Command Prompt - java -cp c:\401\projectiserver petRMI ZipCodeRListimpl localhost 2323.

:\4B1\project \server>java —cp ci\dBiNproject\server petRMI ZipCodeRListInpl loc
alhost 2323 ziplist

localhost is livingstonel

GRegistry service Found.

starting rebind.

[socket created.

[strean created.

i@ testing: lookup returned this:
1ivingstonet

[ZipCodeRList Impl

fserver is listening ...
BREREREERAR yaiting new request GEEERERERGERERE
lient port # is 3813
@ strean created
freceived this class name: ZipCodeRListImpl
ity.zip Baker Streetil
hile loop:java.lang.reflect.InvocationTargetException
BERERARRERER yaiting new request GBGERGRGHGERGRE
Tient port # is 3814
@ strean created
freceived this class name: ZipCodeRListImpl
ity.zip BrondeshuryNils
hile loop:java.lang.reflect.InvocationTargetException
BERERARRERER yaiting new request GBEGRGRGHGERGRE
lient port # is 3815
@ strean created
freceived this class name: ZipCodeRListImpl
ity.zip ClindaleNys
hile loop:java.lang.reflect.InvocationTargetException
BERERARRERER yaiting new request GBEGRGRGHGERGRE
lient port # is 3816
@ strean created
jreceived this class name:





[image: image8.png]ity.zip Barrier PointE16

hile loop:java.lang.reflect.InvocationTargetException
BERERARRERER yaiting new request GBGERGRGHGERGRE
lient port # is 3817

@ strean created

eceived this class name: ZipCodeRListImpl

ity.zip Brick LaneE2
hile loop:java.lang.reflect.InvocationTargetException

BERERARREGER uaiting new request GBEERGRGHGERGRE





registry:
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client side:
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� Some definitions were taken from Coulouris, et al. Distributed Systems: Concepts and Design.
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