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Abstract

This paper presents a performance comparison of
centralized vs. decentralized work allocation schemes
in distributed systems. The centralized approach to
resource allocation has been widely accepted as an
easy to implement and adequate approach to alloca-
tion of computationally intensive work in distributed
systems. Decentralized allocation schemes have for
the most part been considered not as efficient in mak-
ing allocation decisions due to a lack of global aware-
ness, however the lack of a central point of failure of
this scheme is appealing for some applications.

In this paper we describe our implementation and
experiences with the compact Java distributed system
framework created for this experiment. We describe
an implementation of a universal distributed alloca-
tor, capable of being used without modification with
both allocation schemes. Using our framework as the
test bench, we analyze the performance and scalabil-
ity of the centralized and decentralized schemes on
the same cluster of workstations, and draw conclu-
sions regarding the benefits of implementing a decen-
tralized system.

1 Introduction

An important aspect that may limit the scalability
of a distributed system is the entity that controls the
placement and distribution of executed tasks on the
available servers. An approach where a well known
centralized unit is responsible for delegating the work
has the advantage of full knowledge of the current
state of the system and may therefore make optimal
decisions at any given time. On the other hand, a de-
centralized approach where multiple controlling units
exist and are split amongst the clients, may be more
scalable because there is no single contention point.
A major concern of the decentralized approach is
that sub-optimal placement decisions may be made

due to the individual allocation units not having as
much information regarding the state of the system
as in the centralized approach. A centralized ap-
proach, therefore, has the advantage of full knowl-
edge while a distributed approach may be more scal-
able if the local placement decisions are sufficiently
close to optimal global ones.

1.1 System overview

To observe the difference between using decentral-
ized and centralized schemes for resource allocation,
we created a Java distributed system framework ca-
pable of being run in both centralized and decentral-
ized modes. Our framework is centered around the
concept of an allocator object. Clients in the system
request remote execution of work though this object.

Using our framework, we are able to set up a de-
centralized distributed system, with each client ma-
chine using its own allocator; this allocator bases its
decisions on the current conditions of the available
servers and on the workload requested only by the
local system. We are also able to observe the op-
eration of centralized resource allocation by having
a dedicated machine responsible for running the al-
locator. In the latter scenario, all client machines
request work allocation from a single central allo-
cator through the same interface as in the case of
distributed allocators; the decisions of the central-
ized allocator are based on the global overview of
the system, since the central allocator is aware of all
of the requests made by all of the clients.

Setting up both of these systems and observing
their performance gives us the ability to monitor the
difference that centralized and decentralized alloca-
tion has on an application without changing any of
the application or system implementation. We are
able to run a controlled experiment and keep every-
thing including the server and client hardware the
same, allowing us to observe changes caused solely



by the difference in the distributed system work al-
location scheme.

1.2 Approach

To avoid bias in our evaluation, instead of creating
our own remote execution software, we built our sys-
tem on top of a standard and widely accepted remote
execution package. A unit of work is denoted in our
system by a single Java class. We used the Java RMI
[4] system for remote class creation and method invo-
cation. In our system, a client application requests
the creation of a remote object, our Java API will
contact an allocator and be instructed which server
it should use to create the needed object. With the
use of RMI, the Java API will create a remote object
and return a reference to it to the client application.
In this system, the application simply requests allo-
cation of remote objects, unaware of the distributed
nature of the allocation, allowing us to monitor the
differences in allocation policies presented with the
use of the centralized and decentralized approaches.

1.3 The rest of this paper

The rest of this paper describes the motivation, de-
sign and implementation, and the performance and
scalability analysis of our system. In the next sec-
tion we describe the motivation behind our work. In
section 3 we describe the design considerations and
give a high level description of our system. Section
4 gives the details of the Java framework and Client
APT of our system. Section 5 presents the scalability
and load balancing results we obtained. Section 6
lists some past projects related to ours. In Section 7
we draw conclusions of our investigation, and finally
section 8 presents some options for future work in
this project.

2 Motivation

In the recent years a large number of distributed sys-
tems have been created and researched. Scalability
beyond the realm of a single machine has become
an actively sought and highly beneficial concept.
With distributed systems being developed by vari-
ous groups with only a few solid examples to build
upon throughout history, the resulting systems are
very diverse and use highly contrasting approaches
to achieving their results.

The main difficulty in building a distributed sys-
tem lies not in the design but in the implementation.

Application programmers are simply not willing to
put in the amounts of time necessary to design a dis-
tributed system framework, create, debug, test, and
tune all of its components, and then proceed to writ-
ing their applications for this framework. The cost of
making an application run under a distributed com-
puting system is just too great for the average pro-
grammer, and therefore applications remain mostly
intended to run on a single machine.

Currently, the immense benefits of distributed
computing can be seen in the few active implementa-
tions. distributed.net [15] uses a gigantic distributed
system to compute answers to crypto-system chal-
lenges and mathematically complex research. The
SETT at Home[14] project uses a vast network of dis-
tributed computers® to search for extraterrestrial in-
telligence. Looking at the results of these projects
and at the amounts of work they are able to com-
pute through the use of distributed systems clearly
points out that distributing highly computationally
intensive applications using distributed systems is
the wave of the future in computing.

Some systems, such as Abacus [12] and Emerald
[11], may also employ object relocation, for moving
workload from server to server in order to more prop-
erly balance load. Our framework does not support
workload relocation. After allocation, an object in-
stance remains on the machine originally designated
for its execution for the complete lifetime of that par-
ticular instance. We believe that introducing migra-
tion into our system would have resulted in a devia-
tion from our goals of comparing allocation policies.
We also rely on a previous study of Java workloads
[1] that identifies the lifetime of a Java object to be
usually very small, consisting of no more than 3%
of the lifetime of the programs that uses them. We
believe that this property may hold for most appli-
cations written in Java, with object lifetimes being
short enough that it is not clear that object relo-
cation is necessary in order to achieve load balance
amongst distributed servers.

Because of the number of projects dedicated to
distributed systems which currently exist, it is ob-
vious that work on distributed systems is necessary.

IThe only requirement for being part of the pool of com-
puters used in the SETT at Home project is willingness to give
away unused CPU cycles and an Internet connection. This
allows for a very high number of computers to participate in
computation. The actual number of operations performed per
second in the SETI at Home “System” is in the order of tens
of TeraFLOPS per second. Recent SETI computation rates
have been measured at 29 TeraFLOPS per second, more than
twice the speed of the current fastest supercomputer, the ASCI
White, capable of performing at 12 TeraFLOPS per second.



An important concept very often overlooked in the
design of a distributed system is the work alloca-
tion scheme. While some distributed systems cre-
ated today are designed to support multiple work
allocator units, a large number of systems are made
with a centralized decision maker. The reasoning
for the centralized model is the claimed simplifica-
tion of the design and implementation of the system.
It is also argued that because a centralized alloca-
tor has global awareness of the system it is able to
more properly divide up the total work amongst the
worker servers.

Our intention for this project was to create a pro-
totype system which shows that while a centralized
allocator is able to make more optimal decisions re-
garding work placement in a distributed system, the
scalability limitation of having a central bottleneck
in a centralized allocator design warrants the cre-
ation of systems with decentralized allocators. We
intended to show that while decentralized allocators
may make sub-optimal placement decisions, even for
minimal scalability (3 or 4 working servers) a decen-
tralized allocator is likely to be a better performance
solution than a centralized allocator. We also in-
tended to show that the creation of a decentralized
allocator need not be any more complex than a cen-
tralized one, and that the load balance on the server
nodes that can be achieved using a decentralized allo-
cator approach is comparable to that of the central-
ized model; with the major improvement in avail-
ability achieved by the removal of the single point of
failure from which the centralized model suffers.

3 System design

Our distributed system framework consists of a spec-
ification for three types of system nodes. Provisions
for any number of client and server nodes can be
made in a final system. The system is broken up
into client and server sides; client nodes are respon-
sible for running the applications, server nodes are
responsible for performing calculations requested by
the clients, and allocator nodes are placed in the sys-
tem to direct clients in selecting which server is to
be used for performing remote calculation based on
server node availability and system load.

3.1 Client nodes

Client nodes are responsible for any user interface
and minor client side computation or data collection
that an application requires. The bulk of the compu-

tationally intensive work is meant to be performed
on the server nodes, in parallel, however the clients
are responsible for dealing with the parallelism and
synchronization of data, so client nodes are generally
responsible for running the multi-threaded client ap-
plications. The model used for the remote execution
in our system is basic RPC, with the methods of
remote objects being invoked and returning values
using RPC semantics. This allows for remote exe-
cution of procedures to be identical in semantics as
local method invocation, and therefore contributes
heavily to the ease of porting multi-threaded appli-
cations to distributed ones.

3.2 Allocator nodes

The allocator nodes are responsible for delegating
which server nodes are selected for remote work.
Upon startup, server nodes notify the allocator nodes
in the system of their availability through a central
node registrar interface. After an allocator is in-
formed of the existence of a server node, the allocator
begins to poll the server for its load, its ability to do
useful work, on a regular basis.

3.2.1 Work allocation

Whenever a client needs to have a remote computa-
tion performed, it contacts an allocator assigned to
that particular client, and requests for an allocation
of a remote object. The allocator uses the informa-
tion it has collected through its regular status polls to
determine the server node most suited to perform the
requested computation and informs the client about
which server it should be using for that particular
task. The client then instantiates the remote object
on the server selected by the allocator, and uses it
to perform work. Communication between the client
and server nodes is direct and does not go through
the allocator node for performance reasons.

3.2.2 Allocation policies

Allocator nodes are currently implemented to use one
of two allocation policies to choose which server node
should be selected to perform work. The two avail-
able models are probabilistic and deterministic allo-
cation. In the deterministic allocation approach the
allocator simply selects the server with the lowest
load as of the last status poll2. The probabilistic

2The server with the least load is identified as the server
that is able to perform the most computation in a predefined
amount of time.



Client Node Object Allocator Node
Allocation
Client AppModule | ____| __ Request | _| Allocator Module
A ggg:tence I 4
2 =~ =
g8 e g2
55 o < g
S AN -7 o' 5
£ il 22
* ;/// :
Server App Module | sysem _ Workload Monitoring
Monitoring Module
Server Node

Figure 1: High level System Organization

approach picks a random machine from the server
nodes, however the selection is not completely ran-
dom, as the probability with which any individual
server is selected is inversely proportional to the load
of that server. The probabilistic model therefore
has a much higher possibility of selecting a server
with a lower load, however if multiple server nodes
are present with roughly equal load, the selection
amongst them will be random.

3.2.3 Reasoning behind allocation policies

The main motivation for the use of two distinct poli-
cies is the comparison of the allocation decisions they
make when a different number of allocators are be-
ing utilized. If just one centralized allocator is be-
ing used, it is likely that this allocator will succeed
in making globally optimal decisions. On the other
hand if several allocators are being utilized it is very
unlikely that, given the same amount of information,
they will be able to make globally optimal decisions if
they are invoked simultaneously, as they do not inter-
act among themselves; therefore, a policy that tries
to make sub-optimal but reasonable local choices is
more likely to result in globally adequate, if not op-

timal, decisions®.

3 A more detailed description and comparison of the allo-
cation policies is presented in section 5.1

3.3 Server nodes

The server nodes are responsible for two tasks. The
nodes are first responsible for handling object alloca-
tion and method invocation requests from the clients.
The server nodes are also required to measure and
report to all of the available allocators the current
load of the server node. The server nodes are imple-
mented with minimum overhead, with remote object
work handled by a thin Java RMI layer, and the load
monitoring done via a low priority thread.

4 Implementation

The main software modules required in the system
are the allocator, workload monitor, server-side ap-
plication objects and client-side application objects.
The first two modules are part of the framework.
The other two components are written by an appli-
cation developer and interface with the system using
a well-defined API. This APT is the interface between
the code that implements the allocator and workload
monitor modules and each client or server-side appli-
cation objects.

The project implementation consists of four inde-
pendent software components. The final system is
made up of a resource allocator, a workload moni-
toring utility, a server node registration utility, and
of various computationally intensive benchmark ap-
plications partitioned into client and server compo-
nents.



4.1 Allocator

The allocator is implemented as a Java RMI [4] re-
mote object, extending the UnicastRemoteObject*
class. The allocator has two main tasks:

e Keep track of load on registered server nodes

e Answer client allocation requests

When started, an allocator waits for server nodes
to inform it of their availability. Once the allocator is
informed of a server’s presence, it begins polling that
server’s load on a periodic basis. If multiple servers
have been registered, polls of all of the servers are
done on a periodic basis. The allocator continues
this polling until client requests for object allocation
are received. Once a request is received, the allocator
uses the latest gathered statistics and using either
the probabilistic or the deterministic scheme® picks
which server will execute the request. The allocator
informs the client of its decision, and proceeds to
continue monitoring the server loads, expecting the
client to allocate the needed object on the server that
the allocator selected.

4.2 Node registrar

The node registrar is a remote object extending the
UnicastRemoteObject class. The RMI name of this
object will be known to all server nodes. As a server
node will become available, it will call the register
method on the registrar, notifying it of the server’s
availability. The node registrar will then distribute
the notification of the particular node’s availability
to all of the allocator objects within the distributed
systemS.

This architecture allows for all server nodes to be
configured with a single central node registrar ad-
dress. Upon invocation, all servers simply notify the
node registrar of their existence, eliminating the need
for updating a list of the system’s allocators on every
server used. This approach does not incur overhead
on the actual performance of the system, since the
registration process happens only once when a server
becomes available to the system.

4UnicastRemoteObjects are non-replicated RMI server ob-
jects that are valid for the duration of the entire server process
lifetime.

5The allocator policy is specified at allocator’s invocation.

6The list of allocators present in the system are specified to
the node registrar via a configuration file read at node registrar
startup.

4.3 Workload Monitoring

The workload monitor is an object extending the
UnicastRemoteObject class with a twofold function.
The workload monitor’s first task upon invocation
will be to notify the node registrar of the availability
of the server node, thus allowing for remote client ap-
plications to instantiate objects on the server node.
The monitor’s secondary task will be to service the
allocators’ requests for monitoring the availability
of resources on its node. Whenever the getLoad
method is remotely invoked by an allocator, the mon-
itor object will return to the caller the current load
count”.

A major obstacle which we were able to overcome
is the load monitoring on server nodes. We had orig-
inally intended to use the data from /proc/cpuinfo
on Linux machines and use the idle cycle count
change since the last monitoring probe to determine
the processor load on the machines. What we re-
alized in our early trials of the system is that the
idle cycle count is a very poor estimate of the load,
since when even a low priority process exists on a
machine and is ready to run, there are no idle cycles
present, so reading the idle cycle count can only re-
port a boolean value, indicating whether idle cycles
are available or not. As a fix for this problem, instead
of reading an idle cycle count from /proc/cpuinfo
we implemented a low priority thread which simply
increments an integer every time it gets scheduled.
The allocator then reads the change in this running
counter and uses it as a measurement of machine
load. This allows for a much more accurate mea-
surement of resources since the number and priority
of processes running on the server node are taken
into consideration by this metric.

4.4 Client API

The client API was designed and written in such a
way as to allow any multi-threaded java program
to be easily converted into a distributed Java ap-
plication. It was necessary to keep the API simple
and straight forward, while at the same time giv-
ing enough functionality to provide the application
programmer with enough resources to build a usable
system.

There are two things an application programmer
must do in order to convert a standard Java applica-
tion into a distributed application in our framework.

7A running count is always returned, the caller is respon-
sible for keeping track of the last two values and figuring out
the actual load of the system.



First, the RemoteAPI.startUp() method must be
called in the beginning of main(). Then the instan-
tiation of objects that should be allocated on a re-
mote server must be changed. To allow for an easy
transition, the format of a remote allocation involves
only changing the new line of code.

If the original instantiation of a local ob-
ject read SomeObject = new SomeObject, in
order to make that particular object be allo-
cated remotely, the line should be changed to
Some Object = (SomeObject) \

RemoteAPI.allocate("SomeObject").

The client source can at this point be compiled
and will be operational. In order to be able to exe-
cute the application, local and remote stubs have to
be generated for SomeObject. To do this, one must
create the Activatable object implementation from
SomeObject and create a Java class interface file.
One must then run rmic SomeQObject.class on the
compiled byte-code of the remote object, and the ob-
ject class file along with the generated stubs must be
placed within an accessible path on all server nodes
and registered with rmid running on those servers.

5 Results

Several results were collected using a simple dis-
tributed matrix multiplication application. The
client application requests the allocation of sev-
eral objects responsible for multiplying sub-matrices.
The work performed is equivalent to the work that
would be required in order to multiply large matri-
ces whose size equals the square root of the number
of unity tasks allocated times the size of the sub-
matrices that are actually multiplied by each allo-
cated object.

The application spawns multiple threads in each
client, and each thread requests the allocation of an
object that will perform a sub-matrix multiply. This
design was used in order to ensure high level of con-
currency that is expected in a distributed environ-
ment.

Each thread in each client allocates a single object,
requesting that the object perform a sub-matrix mul-
tiply, and then discards the reference to that object.
This process is repeated iteratively several times to
simulate the multiplication of a large matrix.

The specific configurations used in each experi-
ment are reported below. Parameters that were var-
ied include the number of client nodes, the number
of threads executing in each client, the architecture

of the system (centralized or decentralized), the al-
location policy used (probabilistic or deterministic),
and the number of server nodes available in each run.

5.1 Load Balancing

In order to compare the ability of different alloca-
tor configurations to balance the load of the servers,
the matrix multiplication application was executed
using combinations of the possible architectures and
the two available allocation policies. These exper-
iments were performed using two clients and three
servers; two clients were used to simulate a worst
case scenario for a distributed allocator in search of
local optimal decisions, more allocators would min-
imize the impact of infrequent poor allocation deci-
sion. The selection of the number of server nodes
was arbitrary for this experiment.

The results were collected in separate runs on the
same hardware. The four possible allocator config-
urations were tested (centralized deterministic, de-
centralized probabilistic, decentralized deterministic,
and decentralized probabilistic). All other parame-
ters remained constant, with 32 computation threads
running on each client, each calculating the product
of two 150x150 sub-matrices.

The following graphs show the load imbalance as
a function of time; we note that data collection starts
before the application actually started running so the
imbalance presented in the beginning of each time
series should be ignored. It is worth mention that
the imbalance that occurs at the end of each run is
due to the fact that some servers complete the final
requests sooner than other servers. Since no new al-
locations are requested by clients, load balancing is
not possible while some servers are still completing
the final work requests. The interval of interest is
that which occurs between these two events; this in-
terval represents the imbalance that occurred during
normal system operation.

The imbalance among servers is measured as the
standard deviation among loads on each server. The
thin lines represent instantaneous imbalance, the
thicker lines show the moving average of the imbal-
ance, considering 100 samples at a time.

It is clear that the probabilistic allocation policy
makes sub-optimal allocation decisions in the cen-
tralized case; if the single centralized allocator has
access to all server loads in the system and is aware
of all client allocations in the entire system, adding
a random factor into the placement decision only re-
sults in unnecessary random perturbations in the sys-
tem. A centralized deterministic approach results in



Figure 2: Centralized Allocator, Deterministic Allo-
cation Policy. The deterministic policy offers very
few peaks in load imbalance among servers in the
centralized case. The overall imbalance running av-
erage is also noticeably low and stays almost constant
throughout the entire run.
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Figure 3: Centralized Allocator, Probabilistic Allo-
cation Policy. The probabilistic policy in a central-
ized environment results in a large number of very
tall peaks in the load distribution. These peaks are
a result of the influence of random selection by a
centralized allocator, with incorrect allocations often
resulting in machines with very different loads.

placement decisions which take into account all of
the system and use this data directly, resulting in a
better placement strategy.

The graphs for the decentralized allocator traces
show that while the deterministic policy resulted in
the least amount of load imbalance in the centralized
system, this is not the case with decentralized allo-
cation. Allocations from different clients that are
spaced closely to each other in time result in mul-
tiple clients simultaneously allocating work on the
same server. This results in significantly higher load
on the selected server, and causes imbalance in the
distribution of load.

The probabilistic policy, while being clearly sub-
optimal, is more adequate. If two allocators make
simultaneous decisions using the same load informa-
tion, it is possible that the allocated objects will be
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Figure 4: Decentralized Allocator, Deterministic Al-
location Policy. The overall imbalance plot for a de-
terministic policy with the a set of decentralized al-
locators is filled with very tall and random peaks.
These peaks can be attributed to multiple simultane-
ous allocations on the same server machine by differ-
ent allocators, and are the cause of heavy and rough
average imbalance of load.
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Figure 5: Decentralized Allocator, Probabilistic Al-
location Policy. Although clearly not as good at bal-
ancing load as a centralized allocator running a de-
terministic policy, this approach results in a consis-
tent average load balance with no major imbalance
peaks; it is clear that the probabilistic policy is the
better choice for a decentralized allocator system.

placed in different servers. This contributes to reduc-
ing the average load imbalance, even though globally
optimal server selections are not made. The central-
ized deterministic allocator is definitely the one that
performs the best placement decisions, but in the de-
centralized system a probabilistic policy has better
results.

5.2 Scalability

The basic architecture of a distributed system has a
significant impact on the system scalability. The fol-
lowing graphs represent the speedup of total time
that the client applications needed to complete a
set of multiplications. There experiments were per-



formed using four client nodes and a varying number
of server nodes. The allocation policies used in these
experiments were chosen in accordance to the previ-
ous best results. Earlier experiments point out that
a deterministic allocation policy is the best option
in distributed systems with a centralized allocator.
On the other hand, in the case of decentralized allo-
cators, a probabilistic policy results in a more even
average load on the servers.

We were interested in measuring the performance
increase of client applications when the number of
available servers is increased. Experiments were run
using four client nodes and a varying number of
server nodes. The decentralized system employs four
allocators, one for each client. The centralized sys-
tem also has four clients, but only one centralized al-
locator. The longest client running time for each run
was used as the result of the experiments. Speedup
results presented compare the performance increase
of the two system architectures with N servers as
compared to the same setups with only a single

serverS.
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Figure 6: Speed Up. The performance scaling
achieved by increasing the number of available
servers compared to baseline performance of the sys-
tem with a single server.

The decentralized organization is clearly much
more scalable than the centralized organization, the
efficiency® of the distributed organization when six-
teen processors are used is above 50% while the effi-

8Because speedup is shown here based on the base setup
with only one server, actual running times are not reflected
by these graphs.

9Efficiency is defined as the rate between the obtained
speed up and the speed up in the ideal case.
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Figure 7: Speed Up, 1 to 5 servers

ciency of the centralized organization with the same
number of servers is about 30%. It is clear that
the decentralized organization is much more scalable.
The difference is so pronounced that we are confident
that the scalability difference among the two organi-
zations is fundamental, not specific to the application
used to exercise the system. Even the speed-up re-
sults when one to five servers are employed point the
distributed approach as the more scalable.

On the other hand the speed-up results ignore the
fact that the baseline performance of the centralized
approach is higher due to the more adequate load
balancing of the centralized deterministic allocation
policy. In order to compare the two organizations
taking that fact into account we now present a graph
that plots the rate of application completions per
hour using each organization. The idealized results
assume perfect scaling of the performance with a sin-
gle server.

When single server performance is taken into ac-
count it is clear that the scalability of the decentral-
ized approach leads to better results. The centralized
organization shows better performance only when a
single or up to two servers are employed, after this
point there is no clear performance advantage. The
performance advantage of the distributed approach
with a large number of servers is pronounced. One
factor that must be pointed out is that matrix mul-
tiplication has a very low communication to compu-
tation ratio, therefore the bandwidth of the network
between the machines and the latency of the underly-
ing communication infrastructure were not stressed.
Other researchers [9] already pointed out that RMI
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Figure 8: Rate of execution. Number of application
runs that can complete in a single hour.

is only an adequate communications infrastructure
for applications whose communication to computa-
tion ratio is low.

6 Related Work

Some distributed systems are built around the idea
that the implementor is to have complete control of
the work to be done on every node. Amongst such
systems is the package for transparent communica-
tion for distributed objects done at the University of
Pennsylvania [5]. The package is designed to allow
a programmer to completely ignore the underlying
communication between nodes running in a system
and simply instantiate remote Java objects and use
them as any other Java object that exists in the local
system.

To achieve the creation of remote objects, the pro-
grammer must simply create a base object, giving it
the IP and listening port of an available node. The
programmer may then create objects on this base
through a simple interface, with the returned ob-
jects executing on remote nodes appearing exactly
the same as local ones to the rest of the application.
This may be an adequate solution if the program-
mer has sufficient knowledge regarding the behavior
of the system and this behavior is predictable at de-
velopment time.

Other example of a system that relies entirely on
the programmer for remote object placement deci-
sions can be found in [9].

On the other hand, some implementations of dis-
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Figure 9: Rate of execution, 1 to 5 servers. Shown
here to emphasize the rate of execution graph in the
low server count range.

tributed systems delegate the task of distributing
objects amongst nodes completely to the underlying
compiler and system core. For example, the Coign
system [6] does not require any action on the part of
the programmer to distribute objects between nodes.
In fact, the system works on the basis that a com-
pleted final binary version of the program is actually
distributed according to the internal COM interfaces
used. The distributed core implementation is respon-
sible for examining the history of running the partic-
ular application, noting the amount of communica-
tion and work done by individual COM components,
and then deciding the correct COM object placement
based on the given history. This approach completely
eliminates all interaction by the programmer, taking
any standard COM application and allowing the dis-
tributed execution of this application on a cluster of
machines. Another example of a system that aims to
distribute unmodified object oriented applications in
a transparent fashion is the ¢JVM [10] Java Virtual
Machine.

Another approach would be to require program-
mer assistance to partition the tasks, using for exam-
ple new language keywords, and making placement
decisions automatically. An example of such a hybrid
system is presented in [7].

For our work, we selected a system which although
helps the programmer by making placement deci-
sions of objects, still allows the programmer to se-
lect which objects will be considered for placement.
We feel this is a reasonable approach as it is the me-
dian of a large number of experimented distributed



frameworks.

7 Conclusion

The proposed system was able to demonstrate sev-
eral interesting aspects of distributed system design.
Two object placement policies were presented, a de-
terministic policy that aims at optimal global place-
ment decisions and a probabilistic policy that makes
sub-optimal placement decisions but is able to per-
form well when simultaneous decisions have to be
made from multiple sources. Each object place-
ment policy showed it’s strengths in different con-
figurations, the deterministic policy was the better
in a centralized environment while the probabilistic
placement policy was able to prove it’s value when
multiple distributed allocators were employed.

By using the better policy for each environment,
the system was able to point out the most scal-
able organization. The use of decentralized alloca-
tors clearly resulted in a more scalable system to the
extent that the more efficient load balancing charac-
teristics of the centralized approach were irrelevant
when a large number of application servers were em-
ployed.

The system, as presented, is usable and efficient
for applications with modest communication to com-
putation ratio; the above 50% efficiency obtained
when sixteen application servers were employed in
conjunction with distributed allocators show that
distributed system resources are being used effi-
ciently, even when a single application is executed. If
several applications were used concurrently, the effi-
ciency should be even higher as objects from two dif-
ferent applications have no communication demand
among themselves, lowering the system-wide average
communication requirements.

8 Future Work

One aspect of the system that needs improvement
is the underlying communications infrastructure; a
more efficient communication infrastructure would
allow the system to execute applications that have
higher bandwidth and latency demands. Several re-
searchers [9, 5] already proposed alternate commu-
nication protocols for the Java language, the devel-
opment of a new protocol or the adoption of a more
efficient protocol could allow the system to support
a wider range of user applications.

Another system aspect whose cost has not been
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minimized in this experiment is the monitoring of
load on application servers. Currently a unicast pull
strategy is being used, that is, each allocator requests
load information from each server when it sees fit.
This results in a considerable amount of unicast re-
dundant communications being performed. A push
strategy coupled with an efficient multicast proto-
col could reduce the cost of load monitoring even
further, other researchers already developed efficient
low-cost multicast protocols [13] therefore a more ef-
ficient protocol for load monitoring could be adopted
or developed.
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