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Abstract

We show a distriboted object model for the Tava™!
System [1,6] (hereafier referred to simply as “Java™)
that retains as much of the semantics of the Java ob-
ject model as possible, and only inclodes differences
where they make sense for distrbuted objects. The
distributed object system is simple, in that a) distribut-
ed objects are easy to use and i implement, and b)
the system itself is easily extensible and maintainable.
Ve have designed such a model and implemented a
svsiem that supports remote method imvocation (RMI)
for distributed objects in Java. This system combines
aspects of both the Modula-3 Network Objects system
[3] and Spring’s subcontract [B] and includes some
novel featoms.

To achiene its gpal of seamless integration in the lan-
ouage. the system exploits the use of pickiing [14] o
transmit arguments and return values and also exploits
uniqoe features of Java in order to dynamically load
stub code to clients”. The final system will include
distributed mierence-counting garbage collection for
distributed objects as well as lazy activation [11,16].

1 Introduction

Distriboted systems mequire entities which reside in
different address spaces, potentially on different ma-
chines, to communicate. The Java™ system (hereafter
referred to simply as “Java™) provides a basic commo-
nication mechanism, sockets [13]. While flexible and
sufficient for seneral communication, the nse of sock-
ets requires the client and server using this mediom to
engage in some application-level protocol to encode
and decode messages for exchange. Design of such
protocols is cumbersome and can be enor-prone.

1. Java and other Jave-based nsmes and loZos ame trade-
marks of Son Microsyvsters Inc. and mferto Sun's fam-
ilyy of Java-branded pmducts and services.

2. Pztent pending

An alternattve 0 sockets i5 Eemote Procedure Call
(RPC) [13]. BPC systems abstract the communication
interface to the lewel of a procedure call. Thus, instead
of application programmers having to deal directly
with sockets, the programmer has the illosion of call-
ing a local procedure when, in fact, the arcuments of
the call are packaged up and shipped off to the remote
target of the call Soch RPC systems encode argo-
ments and meturn values using some type of an exter-
nal data representation (e.g.. XDR).

RPC, howewer, does not translate well into distributed
object systems where communication between pro-
eram-level ebjecrs esiding in different addmess spaces
is needed. In order to match the semantics of object
irvpcation, distributed object systems mquire remore
method invecariorn 0f RMI. In soch systems, the pro-
erammer has the illusion of imoking a method on an
object, when in fact the imvocation may act on a re-
mote object (one not resident in the caller’s address
space).

In omder to support distributed objects in Java, we
have designed a remote method imocation system that
is specifically tailored to operate in the Java emviron-
ment. Other BMI systems exist (soch as CORBA) that
can be adapted to handle Java objects, bot these sys-
tems fall short of seamless integration duoe to thedr in-
ter-operability  requirement with other langunages.
COREA pmesumes a heteroseneouns, multi-lansuage
ervironment and thuos must have a langoage neutral
object model. In contrast, the Java language’s RAMI
system assumes the homogensous emvironment of the
Jxva Virtnal Machine, and the system can themefore
follow the Java object model whenever possible.

We identify several important gpals for supporting
distributed objects in Java:

%  sopport seamless emote imocation between Java
pbjects in different virtual machines;

% intecrate the distributed object model into the Java
langoage in a natoral way while retaining most of
Jzva's object semantics;



* make differences between the distributed object
model and the local Java object model apparent;

* minimize complexity seen by the clients that use
remote objects and the servers that implement
them:

* presere the safety provided by the Java montime
emvimonment.

These gopals fall ender two main categories: the sim-
plicity and naturalness of the model. It is most impor-
tant that remote method imocation in Java be simple
(easy to use) and natural (fit well in the language).

In addition, the RMI system should perform garbage
collection of mmote objects and should allow exten-
sions soch as server replication and the activation of
persistent objects to service an imvocation. These ex-
tensions are transparent to the client and add minimal
implementation requirements on the part of the serv-
ers that use them These additional features motivate
our system-lesel goals. Thus, the system must sop-

port:

* several imvocation capabilities
® simple imocation (ondcast)
® imwocation to multicast groups (to enable
sernver replication)
® extensibility to other imvocation paradisms

® varions reference semantics for remote objects
® live (or non-persistent) references to
emote objects

% persistent eferences to and lazy activation
of remote objects

*  the safe Java envimnment provided by security
managers and class loaders
distributed garbage collection of acthve objects
capability of supporting multipls transports

In this paper we will briefly describe the Java object
maode]l, then introduce our distributed object model for
Jowva. We will also describe the system architecture
and relevant system interfaces. Finally, we discuss re-
lated work and conclusions.

2 Java Object Model

Jova is a strongly-typed object-oriented language with
a C-style syntax. The langpage incorporates manmy
ideas from languages such as Smalltalk [3], Modula-3
[10], Objective C [12] and C++ [4]. Java attempis to
be simple and safe while presenting a rich set of fea-
tures in the object-oriented domain,

Imterfaces and Classes

One of the interesting features of Java is its separation
of the notion of interface and class. Many object-ori-

ented langpages have the abstraction of *class™ but
provide no direct support (at the languase level) for
interfaces.

An interface, in Java, describes a set of methods for
an object, but provides no implementation. A class, on
the other hamd, can describe as well as implement
methods. A class may also include fields to hold data,
but interfaces cannot. Thus, a class is the implementa-
tion vehicle in Java; an interface pmovides a powerful
abstraction that contains no implementation detail.

Jzva allows subtyping of interfaces and classes by the
use of exrension. An interface may extend ong or mofre
interfaces; this capability is known a5 muoltiple-inherit-
ance. Classes, however, are single-inheritance and
may extend at most one other class.

While a class may extend at most one other class, it
may implemenr any nomber of interfaces. A class that
implements an interface provides implementations for
all the methods described in that interface. If a class is
defined to implement an interface. bot does not pro-
wide an implementation for a particular method of that
interface. it must declare that method to be absoracr.
A class containing abstract methods mayv not be in-
stantiated.

An example of an arbitrary class definition in Java is
as follows:

clazs Ear
extends Foo
implemeants Fing. Pomg { ... 1
where Bar is the class name. Foo is the name of the
class being extended and Ping and Pong are the names
of interfaces implemented by the class Bar.

Object Class Methods

All classes in Java extend the class Object, either im-
plicitty or explicitty. The class Object has several
methods which an extended class can overrde to have
behavior specific to that class. These methods ame:

% pguals — tests the arcument for equality with the
pbject

hashCode — returns a hash code for the object
ioString — miums a string epresenting the object
clone — returns a clone of the object

finalize — called to allow cleanup when the object
is arbaze collected

These methods are integral to the semantics of objects
in Java.

Method Invocation
Method imvocation in Java has the following syntax:



