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ABSTRACT
Many distributed prog g i have been designed to

support distributed shared objects over the Internet. Most of these environments
(for example, Java RMI and CORBA) support client server applications where
distributed objects reside on servers, which execute all methods (remote or local)
invoked on the objects.

Traditional client-server models do not support client-side object caching
and the local access of those objects. | believe that abject caching is critical to
distrib [ ially over the Intemet, where latency and
bandwidth are highly variable. | have developed a configurable and efficient
remote method invocation mechanism that provides the same interface as Java—
RMI, while extending its functionality so that shared objects can be cached on
the accessing nodes. The mechanism, called Javanaise, is based on the caching
of clusters, which are groups of interdependent Java objects.

| have implemented a prototype of this service. The service consists of a
set of system classes and a proxy generator implemented in the Java
environment. The service and the applications that use it are dynamically
deployed to client nodes at run-time, thanks to Java mobile code. The objects

by the applications are y shared bety the client nodes,
so that the application developer can program as in a ized setting.

This system support relies on object replication on the client nodes.
Logically related objects are grouped in clusters, the cluster being the unit of
sharing, replication and coherence. One of the main advantages of this proposal
is that the object clustering policy is tightly coupled with the application code,
thus ensuring locality, while keeping cl ing transp to the appli
programmer. This service had been prototyped and validated with simple
distributed applications.
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2
develop its application as if it were to be ted in a lized confi
Then, the application can be figured for a di d setting without any
modification to the application source code. Annotating the interfaces of the
objects that are di d, specifying the synchronization and
protocols to apply to these objects, perft this configuration. A ype of
this service has been impl ted using java archi and ists a proxy -
generator which is used to indirection objects (proxies) for the support
of dynamic binding, and a few system classes that implement consistency
P is and i functi
The main advantages of this approach are:
+ Dynamic deployment. Applications are ically deplayed to the client
nodes from the node that hosts the application; thus we don't reguire
PF to be statically installed prior to tion.
+ Transg y. A distributed cooperath plication can be ped as
if it were to be run ized. Distribution and synct ion are
pre d sep ty from the application code.

*+ Caching the system support allows shared Java objects to be cached on
cooperating nodes, thus enabling local invocation on distributed objects
and reducing latency.

Clustering. Grouping objects in clusters is one of the key techniques for
achieving good performance by factorizing system costs.

CHAPTER-1
INTRODUCTION
Support for cooperative distributed applications is an imp direction of
computer systems research, involving developments in operating sy as
well as in prog ing languages. More y, the growth of the Intemet,

which is now daily used as a cooperation support, logically leads to consider the
deployment of distributed cooperative applications over the Intemnet. Today,
distributing applications on the Internet is closely linked with the Web (essentially
URLs) and Java. Therefore, a first attempt to provide distributed shared objects
on the Intemet was Java-RMI, which provides remote method invocation
between Java objects. Shared cbjects are uniquely named with URLs and a

mechanism called object seralization allows di prog to
copies of objects (as in Sun RPC [rpegen88]). However, using the RMI facilities,
distributed applications are based on the client-server architecture, which does
not allow objects to be cached and therefore accessed locally. It is possible to
manage object replicas using the object serialization facility, but the coherence
between the replicas has to be explicitty managed by the application
programmer. | believe that object caching is one of the key features required by
i icati ly over the Intemet, whose latency and

bandwidth are highly variable.

In order to assist the programmer, | propose a new system service, which
impl the abstraction of a distrib d shared Java object space. Objects

are brought on demand on the requesting nodes and are cached until invalidated
by the coherence protocol. With this system support, the programmer can

CHAPTER-2

MOTIVATION

The main motivation for Javanaise is to provide adequate support for

developing and ing cooperati licati on the Internet. Cooperative
applications aim at assisting the cooperation between a set of users involved in a
[ task. An ple of ct plication is a 1 editor which

allows documents to be shared concurrently by remote users.

These applications are ch ized by a large of shared data
structures which are browsed or edited by cooperating users from
femote workstations. Since these data structures should be brought to the
accessing nodes, at least to be displayed and sometimes to be modified, a
caching strategy should be used. Defining the unit of sharing and consistency is
the key issue to efficiency.

Another important issue for this service is to facilitate the installation and
administration of software. In an intranet, application installation is often

managed by system admini who are responsible for installing these
applications properly and also ensuring that they do not act as Trojan horses in
the intranet. H . requiring any perati li to be officially
installed (by admini rs) is cor g, in addition, it is a difficult issue for

administrators to decide that an application can be trusted. An altemative is to



allow these cooperative applications to be freely downloaded on a Java virtual
machine (just like applets), thus benefiting from a dynamic deployment of the

pp with the that the application cannot corrupt the local host,
thanks to Java's type safety.

Finally, | want to allow prog to di p ication as if they were
to be run lized. Then, a prog can debug and test its application on
a single machine, and then after a simple configuration step, run it in a distributed
environment using this system support.

The three motivations described above (efficiency, easy administration,
easy devek t) itute the gui which leads us to the design of

Javanaise.

Applications can use one of two mechanisms to obtain
references to remote objects. An application can register its
remote objects with RMI s simple naming facility, the mi
registry, or the application can pass and return remote object
references as part of its normal operation.

Bl Communicate with remote objects:

Details of communication between remote objects are
handled by RMI; to the prog , remote ication
looks like a standard Java method invocation.

Bl  Load class byte codes for objects that are passed around:

RMI allows a caller to pass objects to remote cbjects, RMI
provides the Y hanisms for loading an object's
code, as well as for transmitting its data.

The following illustration depicts an RMI distributed application that
uses the registry to obtain a reference to a remote object. The server calls the
registry to asscciate (or bind) a name with a remote object. The client looks
up the remote object by its name in the server's registry and then invokes a
methed on it. The illustration also shows that the RMI system uses an existing
Web server to load class byte codes, from server to client and from client to
server, for objects when needed.

CHAPTER-3

'LITERATURE SURVEY

3.4) Introduction to RMI.

Sun Microsystems, “Java Remote Method Invocation (RMI),” homepage,
hitp:/ijava.sun.com/products/dk/mil.

RMI applications are often comprised of two separate
programs: a server and a client. A typical server application creates some
remote objects, makes ref to them ible, and waits for clients to
imvoke methods on these remote objects.

A typical client application gets a remote reference to one or
more remote objects in the server and then invokes methods on them. RMI
provides the mechanism by which the server and the client communicate and
pass information back and forth. Such an application is st i ferred to
as a distributed object application.

Distributed object applications need to

Bl Locate remote objects:

Figure-3.1 RMI Concept

Creating Distributed Applications Using RMI
. Design and implement the components of distributed
application.
- Compile sources and generate stubs.
. Make classes network accessible.
. Start the application.

3.2) Distributed Object Model for the Java System

M Wollrath, R. Riggs, J. Waldo, “A Distributed Object Model for the Java
System”, Computing Systems.vol 9,no 4,2000.

Distributed systems require entities, which reside in different
address spaces, potentially on different machines, to communicate. The Java
system provides a basic lication mechani: kets . While flexible and
sufficient for general communication, the use of sockets requires the client and
server using this medium to engage in some application-level protocol to encode
and decode messages for exchange. Design of such protocols is cumbersome
and can be eror-prone.




An alternative to sackets is Remote Procedure Call . RPC systems

E the ication interface to the level of a procedure call. In order to

support distributed objects in Java, we have designed a remote method

invocation system that is specifically tailored to operate in the Java environment.

The Java language's RMI system assumes the homogeneous environment of the

Java Virtual Machine, and the system can therefore follow the Java object model
whenever possible.

several important goals for supporting distributed objects in Java:

= support remote ion bet Java objects in
different virtual machines;

= Integrate the distributed object model into the Java language in
a natural way while retaining most of Java's object semantics;

» make diff bety the di 1 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;

« preserve the safety provided by the Java runtime environment.

Parameter Passing in Remote Invocation

A parameter of any Java type can be passed in a remote all. These
types include both Java primitive types and Java objects ( both remote and non-
remote ). The parameter passing semantics for remote calls are the same as the
Java semantics except

» non-remote objects contained in a parameter of a remote call are
passed by copy. and,

* non-remote objects returned as the result of a remote call are also
passed by copy.
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3.3) Distributed shared obj for t cooperati pplicati

B D.H: D. Louvegnies, “distributed shared objects for Internet

cooperative applications”, SIRAC Project INRIA, 655 av. de |'Europe,
38330 Mont bonnot Saint-Martin, France

Today, distributing applications on the is closely linked with
the Web (essentially URLs) and Java. Therefore, a first attempt to provide
distributed shared objects on the Internet was Java-RMI which provides remote
method invocation between Java objects. Shared objects are uniguely named
with URLs and a mechanism called object iglization allows distrit |
programs to exchange copies of objects (as in Sun RPC ). However, using the
RMI facilities, distributed applications are based on the client-server architecture
which does not allow objects to be cached and therefore accessed locally. It is
p to ge object replicas using the object serialization facility, but the

t 1 the: has to be explicith by the

programmer.

The main advantages of this approach are:
o Dynamic deployment :

9

That is, when a non-remote object is passed in a remote call, the content of the
non-remote object is copied before invoking the call on the remote object. Thus,
there is no relationship bet the ote object the client holds and the
one it sends to a remote server in a call. For example, let's suppose that the
remote object bank has a method to obtain the bank account given a name and
social security number; the account information info is not a remate object but a
local Java object:

Locating Remote Objects

A simple bootstrap name server is provided for storing named
references to remote objects. A remote object reference can be stored using the
URL-based interface java.rmi.Naming. For a client to invoke a method on a
remote object, that client must first obtain a reference to the object. A reference
to a remote object is usually obtained as a retum value in a method call. The RMI
system provides a simple bootstrap name server from which to obtain remote
objects on given hosts. The Naming interface provides Uniform Resource
Locator (URL) based methods to lookup, bind, rebind, unbind and list
the name and object pairi intained on a parti host and port.

Architectural Overview
The three layers of the RMI system consist of the following:
* stublskeletons — client-side stubs (proxies) and server-side
skeletons
* remote ref layer — i ion behavior and refs
semantics (e.g., unicast, multicast)

+ Transport:-connection setup and management and remote
object tracking

11

Applications are dynamically deployed to the client nodes from the node that
hosts the application; thus we don't require to be statically i

o

prior to execution.

o Transparency :
A distributed P i pplication can be developed as if it were to be run

d. Distribution and synchronization are prog d sep y from
the application code.

o Caching :
This system support allows shared Java objects to be cached on cooperating
nodes, thus enabling local i ion on distrib objects and reducing latency.

o Clustering:

Grouping objects in clusters is ane of the key techniques for achieving good
performance by factorizing system costs. Applications manage cbject groups in
their internal structure and that clustering should be mapped on this application
grouping.

3.4) Improving perf for non-functi properties

B D. Hagimont, N. De Paima, F. Boyer, S. Ben Athallat, ‘Improving

p for nen-functional ies”, Sardes project, F-38334 Saint
Ismier, France, 2002,

In a comp based midd B, an i ion b two
components generally goes through two indirection objects, the first one being
the exit port of the invoking component and the second the entry port of the
invoked component. In the rest of the paper, we will refer to these indirection



+ Stub: the stub object (Stub_o2) is used to manage dynamic binding of
references to objects that may be braught dynamically from remote nodes.
When the Java reference in the stub object is null (ref_o2), a copy of the
referenced shared object is fetched, either locally if the object is already
cached or remately from a Javanaise server by using a unique identifier
associated with the object (id_o2). There is one stub object per reference
pointing to object 02.

Figure-3.4 impl ion based on indirection objects

* Skeleton: The skeleton object (Skel_o2) is used to manage invalidates and
updates of the shared object (02) ding to a consi tocol. It

may fetch a new copy of 02 from the server and update the Java reference
(ref_o02).

Astub is copled with the object, which includ its refe . The ref
ref_o2in the stub is set to null when the stub is copied on a machine (itlsa
transient Java ref ). The skel

Is copied with the referenced object (02)
the first time it is loaded on a machine. The reference ref_o2 in the skeleton may
be null subseq y to invali ns by the ¢ i tocol. Invalidatis

YP

in
the skeleton avoids having to invalidate all the stubs, which may refarence the
object.

CHAPTER- 4

RELATED WORK

Wollrath  proposed a remote methed invocation facility between
Java objects called Java RMI. It supports distributed shared objects on the
Internet but does not allow objects to be cached and therefore accessed locally.
It is possible to manage object replicas using the object serialization facility in

Java RMI, but the cot I the replicas has to be explicitly managed
by the application programmer.

Some projects have add d the of abject g, but
the proposed solutions are not targeted to the Java environment .The Hybrid
Adaptive Cache and Thor projects at MIT add: the problem of ging

client caches in distributed and persistent object storage systems.

The objective is to provide hybrid and adaptive caching, which
manages both page caches and object caches, according to an object's
behavior. Other i , such as the Object Store database management
system, use object caching to meet scalability requirements. Javanaise is
distinguished from these environments by providing an RMi-based solution that
relies on cluster caching for gi I ication

Implementation of Java RMI, extending it to benefit from both object
caching and the UDP communication protocel (which is faster than TCP).We

3.5) Clustering technology

1 BEA system,"About Clustering technology in weblogic™ home page www.e-
doc.bea.com,®2001 BEA System inc, last updated 0B/23/2000.
Clustering architecture
There are three general categories of traditional clustering architecture based
on how each server in the cluster accesses memory and disks and whether
servers share a copy of the operating system and the /O subsystem. These
three categories are:
1) Shared-memory
All servers in the cluster use the same primary memory,
2) Shared —disk
Each server has its own memory but the cluster shares commeon
disks. Since every server can concurrently accesses every disk.
3) Shared —nothing
Every server has its own memory and its own disk..

* Replication and clustering :

Replication which mirrors data and state from one server to
another,is ial for all c ing archit .Replication facilitates
beth scalability and availability .

» Persistence and clustering:

One alternatives to keeping in memory replicas of objects with
internal state, particularly user data, is to keep stateful components of a
distrit system in ying persi data store , preferably a
r ion packed datat e
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share the same objectives regarding object caching ; however, their extension
appears to be deeply integrated within the JDK1.1.5.Thus, their solutions
assume the widespread use of this modified environment. Javanaise, on the
other hand, is built entirely on a standard Java environment; all its components
can be dynamically loaded with application code. Chockler propose a scalable
caching service for Corba objects, based on a hierarchical cache architecture.

This service uses domain caching servers to cache objects as
close as possible to clients. This contrasts with Javanaise, which allows an object
to be cached on the client side. Some other CORBA platforms provide adaptation
features, but do not yet directly address the problem of object caching. The
OpenCorba project aims at providing an adaptable object broker that can reify
an object's internal mechanisms and then adapt them at runtime. Allowing
object behavior to be dynamically modified at runtime in turn  allows different
strategies to be used for dynamic placement of objects. Open Corba can thus
be considered as a useful support for the provision of an adaptable RMI.
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CHAPTER-5

LINE OF ATTACK

Bl Cluster Designing .

Clusters are inter-dependent java objects. Javanaise uses

Dep lustering which ge logical graphs of

objects in their data structures. A cluster is identified by a Java

reference to a first object (called a cluster objecf) and the graph

that defines the cluster is composed of all the Java objects that

are accessible from the cluster object (the transitive closure also
applicable).

The boundaries of this graph are defined by the leaves of the
graph and by the references to other cluster objects. A reference
to another cluster object is called an infer-cluster reference. The
Java objects within a cluster are called local objects.

O

atr-duse
refiremce

Figure-5.1) Inter Cluster Reference

A cluster object is an instance of a class which has been
defined as being a cluster class. Only interfaces of cluster objects

21

object binding ', we need to manage indirection objects that allow object faults to
be triggered if the reference is not yet bound. In order to manage objects
consistency, we need to hang: ges bet, i ing nodes to

invalidate and update copies according to a consistency model,

Managing clusters of objects is a means for amortizing these costs
(indirection objects, over a group of objects that are inter-dependent.
Inter-dependence means here that if one object of the group is accessed, most of
the objects included in the group are likely to be used in the near future,

6.2. Application d di I

The system exports to apy a cluster interf;
allowing objects to be stored in or migrated to any cluster. From the
programmer's point of view, ging ¢l ing is and most of the time

leads to a default pelicy, which is inefficient and doesn't actually use the flexibility
of the clustering interface.

dyster]

O
k=

Figure 6.1). Management of clusters

—
" without modification to the Java virtudl machine
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CHAPTER-6

BASIC DESIGN CHOICES

6.1. Managing clusters

The main problem we have to solve is to efficiently manage distributed
replicas of Java objects while keeping ibution transp to the application
prog Managing object repli qui hani for faulting on
objects, invalidating and updating objects in order to ensure consistency. These
mechanisms should be hidden to the application programmer, who should only
manipulate Java references as if every object were local.

A cluster of objects is a group of objects which is supposed to be coarser
grain (than a single object). Therefore, since system mechanisms are generally
applied to coarse grained resources (e.g. 10s), they are applied to clusters, thus
factorizing the costs of these mechanisms for all the objects within a cluster.
However, clustering works well only if objects co-located within the same cluster
are effectively closely related at execution time.

The mechanisms factorized here are naming, binding and consistency
mechanisms. In order to be able to dy ically bind a ref to a remote
object, we need to associate a unique name with each object, thus allowing the
object to be located and brought to the requesting node. In order to implement

2

In J i pplication dependent ci ing had been impl d
This approach is inspired by the observation that cooperative applications tend to
manage logical graphs of objects in their data structures. For example, a

perati d editor ges chapters that are d of sections,
th | p i of sub ions and p hs. | claim that some of these

graphs shauld be managed as clusters by the system since they correspond to
closely related objects aceording to the application semantics,

In Javanaise, a cluster is an application-defined graph of Java objects. A
cluster s identified by a Java reference to a first object (called a cluster object)
and the graph that defines the cluster is composed of all the Java objects that are
accessible from the cluster object (the transitive cl ). The boundaries of this
graph are defined by the leaves of the graph and by the references to other
cluster objects. A reference to ancther cluster object is called an infer-cluster
reference (Figure 6.1). The Java objects within a cluster are called focal objects.

A cluster object is an instance of a class (defi d by the p )
which has been defined {when the application is configured to be run distributed)
as being a cluster class. Only interfaces of cluster objects are exported to other
cluster objects, which means that the interface of a cluster object may only
include methods whose reference parameters are references to cluster objects,
Therefore, local objects in one cluster are only accessible from objects within the
cluster,

6.3. Application programming

The progi d P plications using the Java language without
any language extension nor system support classes (libraries). An application
can be debugged and tested locally (on one machine). Configuring the
application for distribution first consists in specifying which classes are cluster
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classes. The configurator should take into the data stn g
in the ication, i.e. the links bety the classes that compose the application.
However, this separation between the configuration and the application code
makes it possible to experiment with different configurations for the same
application without any modification to the application.

%

CHAPTER-T

Since an application is developed centralized, it does not deals with

synchronization and y p ms. A second step in the canfiguration is

y and a consi Y protocol with each cluster. This is
done at the level of the interfaces of the cluster classes. The interfaces of the

cluster classes are annotated with keywords that define the consistency and

hroni protocols fated with the clust

At the moment, | have only implemented a single reader / multiple writers

pratocol. In the interface of a cluster, it is possible to associate a mode (reader or
writer) with each method. When the method is invoked on a cluster instance, a
lock in that mode is taken and a consistent copy of the cluster is brought to the
local host. However, | will experiment with different consistency/synchronization
protocols in the near future.

IMPLEMENTATION PRINCIPLES

7.1. Managing cluster binding

Since a cluster is a graph of Java objects, clusters may be brought
dynamically on a requesting node using the Java serialization mechanism. The
F is to y binding of references to objects that may be
brought dynamically from remote nodes. Since the unit of naming and caching is

the cluster, | had provided a ism for dy binding of inter-cluster
fi This implh ion relies on int liate objects called proxies
that are p y il dL the ref i cluster and the cluster

which contains the reference (Figure 7.1). A proxy contains a Java reference that
points to the referenced cluster object if it is already there and null i not. It also
contains a unique name associated with the cluster, allowing the cluster to be
located and a copy to be brought on the local host.

chuster] chuster chjedt e

prexy-out

Figure 7.1. Binding of inter-cluster references
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The class of the proxy object is generated from the interface of the cluster
class to which it points. This proxy implements the same interface as the cluster
object. Each method invocation is forwarded to the actual cluster object if the
reference is already bound, i.e. if the Java reference in the proxy is not null. If this
Java reference is null, then a function of the runtime system is invoked in order to
check whether the cluster is already cached (subsequently to the binding of
another inter-cluster reference). A copy of the cluster is fetched if required and
the Java reference in the proxy object is updated. In the following, i call this proxy

a proxy-out object. Proxy -out objects are stored in the cluster which contains the

reference to the cluster.

7.2. Managing cluster istency and sy

28

o ]
n Figure 7.3, a local object in cluster? (1) performs an invocation (e3 =

lid and updates of clusters

First, the problem is to ge | L
ding to a i protocol. Here the hanism is independent from
the consistency protocol .

A cluster can be invalidated on one node (Java virtual machine) simply by
assigning to null the Java references in the proxy -out objects that reference the
cluster. All the Java objects included in the invalidated cluster are then

ly garbag by the Java runtime. However, instead of
dynamically looking for all the proxy -out objects that point to the invalidated
cluster (which would be complex and inefficient), i decided to manage another
type of proxy called proxy-in object, which is inserted between the proxy -out
object and the cluster it points to (Figure 7.2 ). A proxy -in object is stored in the
cluster which Is referenced. Similarly to proxy - out objects, a proxy-in object
forwards method invocations to the referenced cluster if its internal Java




This implies that ref in the interface of a cluster are
always references to cluster objects. However, cluster interfaces could be
allowed to include local object reference parameters. This would require the
ability to dynamically install proxy -out and proxy -in objects, thus managing
several entry points in clusters. It would not be difficult to extend my prototype in
order to implement this variant of the model.

The second variant is to provide support for reclustering.
Reclustering means here the ability to move a local object from one cluster to
another. The interface of the cluster may include a "move” statement associated
with the ref p ter, ing that the local abject should be moved to
the destination cluster. Then the local cbject in the source cluster must be
transformed into a proxy-out object, and the proxy -out object (if there is one
associated with this local object) in the destination cluster must be changed into
the migrated local object. These two variants constitute interesting perspectives
since they preserve the spirit of this clustering model.
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CHAPTER-8

PROTOTYPE ON JAVA

| have implemented a prototype of this system support and its description
as follows.

8.1. Overall architecture

The overall architecture is illustrated on figure 8.1. In this prototype,
assume that the code of Javanaise, the code of the application and the persistent
clusters are stored on a node called the Home Site of the application. The code
of Javanaise and the code of the application are dynamically deployed to the
client nodes when the application is invoked.

An application is made available on the Home Site through a Web server
and identified and located with a URL. The application is launched using an
Applet viewer, the code of the ication and of J Ise being downloaded on
client nodes just like an Applet. Clusters are then fetched on demand by the
requesting nodes and shared following the consistency protocol.

The Javanaise system support consists of: -
o The proxy generator which generates proxy-out and proxy -in classes from
the interface of a cluster. Proxy -out and proxy -in classes provide
mechanisms for reference binding and consistency management,
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o some system primitives (Javanaise clienf) that are available on the client
nodes and used by the proxies on these nodes. Javanaise client maintains
a table of the clusters (proxy -in objects) that are already present on the
local host.

o some system code (J. ise server) that partici
consistency protocols on the home site. The Javanaise server maintains a
table which registers the locations and locks held for all the clusters,

tes in the binding and

Figure 8.1 . Architecture

8.2. Generation of proxies

Proxies are generated from the interface of a cluster class using a proxy
generator. Let's see the Java code skeleton of the proxy -out and proxy -in
classes generated from the cluster interface below,

public class Cluster1 implements Cluster1_itf {
public void method1 (Cluster2_itf obj); : read
public Cluster3_itf method2 (); : write

This definition describes the interface of the cluster class Cluster! which
implements the Cluster!_itf interface. Two methods are defined, the first one
taking a onward reference paramater and the second retuming a reference
parameter. The first method requires a read Jock befere execution and the
second a write lock. Below is the Proxy -out class generated from the above
interface definition, The name of this class is actually Clustert, because when a
prog ip a refl 1o a Clustert instance, it s in fact a reference to

unigue in the context of the pplication; my prot typ: 'y manages shared
objects between applications located on a single Home Site, but it can be
extended to manage different Home Sites simply by using URLs.

public class Clustert implements Clustert_itf {
int object_id;
Proxy_in_Clustert proxy._in;
public Clustert () {
Proxy_in = new Praxy in_Cluster1();
obfect_id = Proxy._in.my._id();
}
Ppublic void methodt (Clustar2 obj) P
if (proxy._in == nul)
Proxy in = (mey_h__Cfusfeﬂj javanaise_,cﬁbn!.gemxy_h(ob;'ecr_ id,
read);
proxy_in.method1 (obj);
}
Ppublic Cluster3 method2 of



if (proxy:_in == null)

proxy_in = (Proxy_in_Clusterf) javanaise_client.get_proxy, in{object_id,
write);

Cluster! p = proxy._in.methed2();

P = clone_proxy-out(p): # clone proxy-out for backward parameter
retum p;

¥

The first method is the constructor, When @ user program invokes the
creation of a Cluster! object, actually creates a proxy -out object which in tums
creates a proxy-in object which creates the real instance of Clusterf (see below
in the proxy -in class). If a constructar with parameters is defined, a constructor is
generated accordingly in the proxy -out and proxy -in classes and implements the
same interface. The two other methods check the binding of the reference to the
cluster. If the reference has not already been bound, Javanaise client is invoked
is orderto geta copy of the cluster (including the proxy -in object) with lock in the
corresponding mode®. Then the invocation Is forwarded to the proxy-in object.
Notice that the method2 method returns a reference to a Cluster3 instance.

The reference returned by this method is a reference to a proxy -out object
in the invoked cluster. Then, i must create a clone of this proxy-out object, which
will be stored in the cluster receiving the reference. This clone gets created only
if & proxy-out object for the received reference doesn't yet exist in the receiving
cluster. The table which registers the existing proxy -out objects in the cluster is
stored in the cluster itself.

_—

? The locking mode is specified here in order to get both the ¥ of the cluster and the lock on
that cluster in a single request, sl
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}
public Cluster3 method2 () {
i ({object == nul) || (lock != write)) {
object = (Real_Cluster?) j: ise_client.get_object(object id, write);
lock = write;
}
object method1(oby); & effective call
ise_client.rele. 2_lockiobj t_id, write);

}
}

The constructor of the proxy-in class creates the real instance of Cluster!
which has been renamed in Real_Clusteri (by the proxy generator) since the
proxy-out class has been renamed in Cluster?, Then, Javanaise client is invoked
in order to allocate a unique object identifier®. A reference to the proxy-in object
is passed in order to initialize Javanaise intemal tables (detailed below).

The two methods checks whather a copy of the cluster with the requested
lock is present. If not, a copy andlor a lock are requested to Javanaise client. The
locking policy currently implemented allows multiple readers and one writer at a
time.

A lock held on a cluster is managed in the proxy -in object of the cluster.
The proxy -in object invokes Javanaise client in order to request the lock. The
proxy-in object also includes primitives (up calls not present in the above
skeleton) that may be invoked by Javanaise client in order to check the status of
_—
*In the current pratotype, this aflocation s forwarded to Javanaise server which ensure the
identifier uniqueness.
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Below is the generated proxy -in class. The proxy -in class also defines a
variable object_id for the unique identifier of the object and a variable object
which peints to the real cluster instance. It also contains a variable lock which
indicates the lock that is held on the local host on this cluster (read, write or
none).

public elass Proxy-in_Cluster! implements Clustert_itf {
int object_id;

Real_Cluster? object:

int lock;

int num_readers;

public Proxy_in_Clustert () {

obfect = new Real_Clustert();

object_id = javanaise_client. register._id{this);
num_readers = (;

}

public void method1 (Cluster2 obj) {

if ({object == nul}) || (lock == none)) {

object = (Real_Cluster1) j ise_client.get_object{obj L id, read);
lock = read;

J

Cluster2 p = clone_proxy_out{obj): # clone proxy-out for onward
parameter

num_readers ++;

object. method1(p); # effective call

NUM_readers -;

if (flock == read) && (num_readers == af{
;'emnafse_mﬁm.rsi‘sase_!ock{ob)bcr_, id, read);

lock = none;

}
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the lock on the cluster and black a lock request from a remote node until the lock
is explicitly released. The methods in the proxy —in object which manipulate the
lock variable are synchronized.

8.3, M of i ¥ and synchroni

In order to ge consi y and hroni: . two tables are
maintained, one in Javanaise client and one in Javanaise server.

First, in Javanaise server, It is needed to locate any cluster and any lock,
ServerTable is a table which keeps frack of all the clusters that have an image in
memory (see next section for clusters stored on disk). This table associates with
each cluster (known by its object_id) the locations (node addresses) of all the
images of the cluster in memory. If the cluster is in read mode, the table gives a
list of the nodes that obtained a read lock on the cluster. If the cluster is in write
mode, the table gives the address of the node which hosts the unique copy. This
table is used in order to locate one copy (in read mode) or the last copy of the
cluster. When a collision on a lock occurs (the cluster is locked in write mode),
the request is sent to the writer nade and Javanaise client responds only when
the lock is released.

The second table (Clisnt Table) is managed in Javanaise client. This table
recards the clusters that are cached on the local host. This table associates with
each cluster (object_id) the Java reference to the proxy —in object which
represents the cluster. Using the Client Table, Javanaise client can check the
status of the cluster on this node and wait for a lock to be released by the proxy-
in object (with the release_iock primitive). Al the i ions b ) i
clients and Javanaise server are based on message passing using the Socket
interface. A message always includes a header object which describes the
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message type. This header may be followed by (i.e. point to) a cluster object
which is a graph of Java objects. These abjects, the header and the cluster, are
serialized in order to obtain a flat string of bytes which is sent on the socket. In
order to be serializable, each object of the application must implement the
Seralizable Java interface, which means that it inherits default methods that are
invoked to serialize the object. The default serialization behavior is to flatten the
object state and to do it recursively following every Java reference in the object
state. To stop this recursion, | redefined these serialization methods for the: proxy
-out objects: | only save the object_id field of the object and reset to null the Java
reference when the object is deserialized.

8.4. Management of persistence

In J ise, cl are persi , which means they survive the
application that created them, Clusters are stored on disk on the Home Site of
the application, one file per cluster. Recall that each cluster is identified with an
object_id (an integer) which is a unique identifier. In Javanaise server, the
ServerTable keeps track of all the clusters that have an image in memory on one
of the client hosts. When a cluster is requested and the cluster is not represented
in memory, the cluster is read from its storage file. The byte stream read from the
file is de-serialized and sent to the requesting client (and the ServerTable

i ). When an lication terminates on a client node and if some modified
clusters are no longer used (cached on any node), they are serialized and copied
back to their storage files on the Home Site.

8.5. Dapl of an li

Applications in Javanaise are deployed dynamically to the client nodes
Just like Applets. A Javanaise application is made avallable as an Applet through

UML Diagram for Clusterd.
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Figure 8.2) Umi Diagram.,

This implementation contains three classes. At initial phase
all the Classes and interfaces are created in a centralized way, while this concept
is adapted to the distributed environment, It will use the RMi registry and binding
method. These classes are simple and created for concept establishment.
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a Web server and a client typically starts the application using an Applet viewer,
This Applet contains the main entry point of the program. An initialization
primitive is provided, which initializes the Javanaise environment, but also returns
a Java reference to a name server object. This name server allows symbolic
names to be associated with Cluster objects references. The register method
registers a cluster reference with a given symbelic name and the lookup method
returns the cluster reference i with a sy ic name. In the

X ing a cluster ref: to the register method is actually
passing a proxy-out object reference to the name server (which registers a copy
of the proxy -out object). Getting a cluster reference from the name server is
actually getting a proxy -out object,

8.8) UML view of the Project

Following UML diagram gives the details about
o Clusteri class
o Proxy-in-cluster class
o Real cluster! class
o Interface between them,
All the clusters in this project can have this similar UML structure.
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CHAPTER-8

RESULT REACHED.

Figure 9.1, Javanaise Preprocessor

The above snapshot shows the

of cluster in J, ise server. |t
IS a pre processor, which creates and maintains the clusters (Al this

operations
are carmied out by the coordinator.
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Figure 9.2, Javanaise Preprocessor

Figure 9.3. Javanaise server

Selecting the Real Cluster object by using the “Browse” buttan, Here we The above snapshot shows the home page of Javanaise Server. In this
can select the real object from local machine or any machine that can access in page all the Javanaise client can login by using their username and password.
network domain.

Figure 9.5, Javanaise Registry

Start the RMI registry .The above snapshot shows the RMI registry was
started.

Figure 9.4. I; server downloadi

Once the client entered into Javanaise server the next page shows

(above) the entire cluster name and ts updation. By clicking the cluster name,

client can download the necessary Cluster files into the client side.

Figure 9.6, Javanaise Server Started
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The Above snapshot shows the Javanaise server was started. Once the
server is started, it will register all the Real cluster object in the RMI registry.
These registered objects are visible to the client side and they can access them
by using the registry service.

Figure 9.7. Javanaise Client

The above snapshot shows the Javanaise client. By running the jnc
pragram we can start the Javanaise client .
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CHAPTER-10

EVALUATION AND RESULTS

To s i ise, | impl ted the portion of the 001
benchmark®, which roughly consists of a traversal of a distributed graph, to
pare the benefits provided by the clusters over Java RMI. Finally,

| ported an existing distributed application to J ise to d the

adequacy of the platform with a real application.

The experiments were performed on a pair of PC desktops based on
Pentium Il processors (400 MHz) running Windows NT and the JOK 1.2.2 version
of Java VM. These machines were connected through a 100-Mbit Ethernet, All
measurements were performed on an isolated network and repeated 10 times;
the reported times are the averages of these 10 measurements.

001 Benchmark

The traversal portion of the 001 benchmark (used to evaluate database

y ) imph at I of a 5,000-node graph in which each node has
three children, The traversal is done over seven levels (a total of 3,280 nodes are
visited). The nodes are equally distributed on two sites. The children nodes are
randomly chosen with a probability of 70 percent that a parent and child are on
the same machine. (Note that Javanaise would perform better if this probability
were smaller.)

—_—
“ltis a benchmark suit for database,

Figure 9.8, Javanaise Client Application Program

The above pshot shows the J ise client ication. Here client
could know the server's clusters by using the registry service. In the above
scenario the client called the one of the method in the server side (first Line).
Server executed it and the cluster was transferred to client side. If the client
again accesses the same cluster, it could use the cached cluster and display
already cached message.
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I have implemented this benchmark with non-cacheable clusters (Java

RMI) and heable clusters (J; ise). We did not change the source code,
but processed the same code with the Java RMI and Javanaise stub generators,
In both cases, the nodes were created on two sites. With Java RMI, a reference
fo a remote object implies a remote method invocation to that site. With
Javanaise cacheable clusters, a reference to a remote object implies that a copy
of the object is brought to the lacal host and the method is invoked locally.

=

Table 10.1. Performance comparisen for the 001
Benchmark (objects size = 75 bytes).
I

nvocation mechanism Time in ms
! =
i Java RMI 24
Javanaise (cold) 107.8
Javanaise (hot) 0.57

Table 10.1 presents the results. With a cold start, Javanaisa performs three times
slower than RMI. This inefficiency has two main causes:

o The object graph has a high percentage of inter object references that are
local to one site (70 percent). This implies that when a remote object (on
site 52) is brought to the accessing site S1, its children on 52 become
remote and will have to be fatched. With Java RMI, when the remote
object is invoked (on S2), its children on S2 are local and their invocations
are very efficient.

o The variation of the traversal depth of the graph to measure the advantage
gained by increasing reuse of objects, shawn in the graph. For example,
at a depth of 9 levels, objects are reused about 6 times on average. In
both cases, the nodes were created on two sites,
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The results show that Javanaise can perform better than RMI for the first
(cold) travel in the graph depending on the amount of object reuse. In conclusion,
this benchmark shows that Javanaise performs within the same order of
magnitude as standard Java RMI and can perform better for a general-purpose
workload, especially when objects are intensively reused. My plan for future work
includes the study of how caching and remote i ion could be bined to
take advantage of efficiency related to application structure.
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Figure 10.1.Test results for the 001 benchmark. Javanaise
Runs the 001 benchmark faster than RMI .

cluster classes, and of system classes which manage consistency of cluster

replicas cached on client nodes.

The perspectives of this work are first to validate and evaluate this system
support through full scale cooperative applications such as the editor mentioned

above. Then, this preliminary experiment opens many challenging issues.
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CHAPTER-11

CONCLUSION AND PERSPECTIVES

In this paper, | my experi with providing a runtime

for the devel of cooy i lication on the Internet. In

This environment, applications are developed using the Java language, and

made available on the Internet through a Web server just like an Applet.

Applications are dy ically deployed to client nodes, thanks to Java mobile

code, and the Java objects managed by the applications are transparently
shared bety lication inst

In order to allow for efficient object caching on client nodes, our runtime
manages clusters of Java objects, the cluster being the unit of sharing, caching
and consistency. Clusters are persistent and stored on disk on the Home Site of
the application. Clusters are brought on demand on the client nodes and shared
following a specified consi y and sy protocol. My claim is that
object grouping in clusters can be derived from the application structure by
specifying which classes correspond to clusters, other classes defining local
objects within clusters,

| have imp} iap ype of the J; i tis dofa

preprocessor which generates required proxy classes from the interfaces of
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