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Abstract

Global Computing achieves high throughput computing
by harvesting a very large number of unused computing
resources connected to the Internet. This parallel comput-
ing model targets a parallel architecture defined by a very
high number of nodes, poor communication performance
and continuously varying resources. The unprecedented
scale of the Global Computing architecture paradigm re-
quires to revisit many basic issues related to parallel archi-
tecture : programming models, performance models, and
class of applications or algorithms suitable to this archi-
tecture. XtremWeb is an experimental Global Computing
platform dedicated to provide a tool for such studies.

This paper presents the design of XtremWeb. Two
essential features of this design are multi-applications
and high-performance. Accepting multiple applications
allows institutions or enterprises to setup their own
Global Computing applications or experiments. High-
performance is ensured by scalability, fault tolerance, ef-
ficient scheduling and a large base of volunteer PCs. We
also present an implementation of the first global applica-
tion running on XtremWeb.

1 Introduction

The key idea of Global Computing is to harvest the
idle time of Internet connected computers which may be
widely distributed across the world, to run a very large
and distributed application. All the computing power
is provided by volunteer computers, which offer some

of their idle time to execute a piece of the application.
Thus Global Computing extends the cycle stealing model
across the Internet.

Over the past years, globally distributed application
like SETI@Home [7], Mersenne Prime Search [1] or dis-
tributed.net [2] have been more than a proof of concept for
this computing model through their popular success and
their huge aggregate computing power. Nowadays, some
of the people which have pioneered the Global Comput-
ing model are involved in companies willing to build an
economical model on top of Global Computing (often re-
ferred as Peer-to-Peer Computing). Therefore, this inter-
est of business companies and the spreading of computa-
tional economy [12] should engage more and more con-
sumers and volunteers.

Indeed Internet is pervasive and the number of con-
nected devices is constantly growing. Today there are 93
millions of connected hosts [3]. The computing power
of handheld devices such as Personal Digital Assistant
quickly increases. Typically, the current generation of
handheld device is powered by a 200Mhz RISC proces-
sor, has 32MB of RAM, wireless communication capabil-
ity and can be enhanced with an additional 1GB micro-
drive capacity storage. Considering also the revolutionary
expansion of the mobile devices market such as cellular
phones, the number of exploitable computing resources
might be in the billion order in the next future. The chal-
lenge is to harness so many unused computing resources
to build aVery Large Parallel Computer.

The XtremWeb project springs from a request from
physicists of the Pierre Auger Observatory for meeting
large computing requirements. Each year, they need to



run the same simulation program on6:105 different in-
puts. The equivalent computing power is6:106 hours of
a 300Mhz PC per year. Many other institutions require
huge computing power for class of applications that ex-
press trivial parallelism, the so-calledmulti-parameteror
embarrassingly parallelapplications.

Following the SETI@home success story, Global Com-
puting is getting more and more appealing for institutions.
For instance [18] enumerates several SETI@home twin
projects, each one developing its particular application
and gathering its own set of volunteers. This raises two
issues: first the lack of a general tool, toolbox or service
for building a global computing application; second the
spread of volunteers PCs among this different projects.

The XtremWeb project aims at building a platform for
experimenting with global computing capabilities. The
XtremWeb platform is designed to be a framework for
plug-in experiments. Some issues to be addressed are:
sizing the environment components (servers, network,
workers) according to the applications features; high per-
formance and secure execution (relies on sandboxing);
modeling resource and workload management as inputs
for scheduling algorithms; and the impact of the applica-
tion characteristics, either compute- or data-intensive.

The next section presents the main issues of global
computing systems. The XtremWeb general architecture
is presented in section 3. The first implementation of the
worker is presented in section 4 and the server in section
5. Section 6 exemplifies a typical application and dis-
cusses the particular problem of very large execution. The
next section presents the related work and the last section
concludes.

2 Global Computing Issues

The aim of the project is to address a large range of issues
related to a global computing system:

Scalability. It must scale to hundreds of thousands
nodes, with corresponding performance improve-
ment.

Heterogeneity.Across hardware, OS and basic software.

Availability The owner of a computing resource must be
able to define a policy which limits the contribution

of the resource, and the global computing system
must enforce this policy.

Fault tolerance. The MTBF of an Internet-connected
workstation has been evaluated to 13 hours which
gives a failure rate of one workstation every 2 min-
utes in a 10K configuration. The architecture must
then accept very frequent faults while maintaining
performance.

Security. All participating computers should be pro-
tected against malicious or erroneous manipulations,
and the result of the global computation should not
be exposed to be tampered with.

Dynamicity.The system must be able to accommodate a
continuously varying configuration as well as vary-
ing communication latency and throughput.

Usability. The system should be easy to deploy and to
use.

3 Real World Global Computing

XtremWeb is designed to provide a Global Comput-
ing framework for resolving different applications, on
projects lead by institutions, commercial firms or open
source communities. The following subsections presents
the overall architecture of XtremWeb from this particular
point of view.

3.1 Overview of XtremWeb systems

There are two ways of using Xtremweb:� As aUser. A User first registers to the XtremWeb ad-
ministration server, then downloads the worker soft-
ware and installs it on a single machine or on a net-
work of computers. While idle, the User machine or
machines will collaborate to a Global Computation.� As aCollaborator. A Collaborator also registers to
XtremWeb administration server. Collaborators may
download the whole XtremWeb software, that allows
them to setup their own global distributed applica-
tion. The XtremWeb administration server asks the



Collaborators for an agreement. That agreement al-
lows XtremWeb to exploit the leftover part of the re-
sources which are gathered by a Collaborator. Thus
a Collaborator community of PCs will work for the
main XtremWeb only when 1) they are idle and 2)
the Collaborator XtremWeb server has no work to
send to his community of PCs. The next step to-
ward full peer-to-peer computing is to allow the Col-
laborator applications to be spread over the set of
XtremWeb servers.

Figure 1 gives an overview of how a Global Computing
system could be organized.

The whole system may be seen as several sets of work-
ers (ranging from workstations to PCs or even handheld
devices) and servers (ranging from a stand alone PC to
cluster of servers or distributed and specialized servers).
Those sets may cooperate or be completely independent.
Servers may accept connections from the whole Internet
or simply be dedicated to distribute one or a small number
of applications over a private LAN. Workers may cooper-
ate on one and only one application or be involved in any
applications ruled by the Collaborators.

3.2 Security and native Code Execution

Xtrem Web targets high performance. Thus, although
the workers protection suggests execution in a virtual en-
vironment, typically sandboxed Java bytecode, perfor-
mance dictates that the end-user code should remain na-
tive.

Like many other Global Computing systems,
XtremWeb uses native code execution. However,
XtremWeb allows any worker to execute different and
downloadable applications.

Currently, to become downloadable, the applications
follow an ad-hoc verification process. First only trusted
institution can propose codes to integrate in XtremWeb.
Second, the code is tested on dedicated workers. Third the
code is encrypted before downloading to workers. Fourth,
the code download procedure uses a private-public key
to secure the transaction. Fifth, the worker sends back a
checksum of the code to the server and the server verifies
its correctness. This verification process cannot prevent
from any fault case because testing (second phase) may
not execute all code section with all possible parameters

sets. A more flexible way to allow downloadable high per-
formance native code execution is the technique known
as Software Fault Isolation. This kind of approach is
necessary to allow the execution of any application with-
out deeply checking the application before the execution.
We plan to evaluate this approach in a future version of
XtremWeb.

3.3 Communication protocol between
Workers and Servers

All the communications are initiated by the worker. This
allows an easier deployment because firewalls may block
incoming requests from the servers located outside of the
local network. Note that this prevents from using slow
protocol like http. The protocol between workers and
server is independent of the communication layer. This
layer may be generalist like TCP-UDP/IP sockets or a
higher level layer such as CORBA or Java RMI. This im-
plementation also allows to use more specialized proto-
cols such as SSL or RSVP.

A worker is a machine identified by its name and its
owner.

Figure 2 shows the protocol between Workers and
Servers. The protocol between worker and server consists

task Desc.
id task
input file (parameters)
binairies (application)
@Result Collector

worker Desc.
runTime Desc.
binairiesCache content

worker Identification
user login
worker Desc.

WorkRequest

comm. Vector
@ Servers
Protocol Description

WorkAlive
task Status
continue, abort

Worker Server

resultRequest

hostRegister

id Task

result Desc.
id task
task status (completed,
aborted)
output file (results)

result Store

Figure 2: The Protocol between the workers and the
servers

of four requests detailed below:
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Figure 1: Overview of the XtremWeb Global Computing Framework: Volunteer PCs collaborating to the XtremWeb
server (0), range from PCs farms owned by institutions with ahigh bandwidth Internet connection (1) to family home
PC with a sporadic connection (2). XtremWeb allows collaborators to rule their own Global Computing Experiments
(5,6) to distribute their applications. The system is flexible enough to allow some servers to be reconfigured to achieve
special tasks (4) like the collection of results. In a more speculative way may also think of collaborating (6) between
servers to aggregate resources or trading (7) between firms for profit. Finally an institution may also setup itsIntranet
XtremWeb (3) without outside links.� The first requesthostRegistergoes to the last con-

tacted server or to the root server. This first con-
nection authenticates the server to the worker. The
server sends back what is called a communication
vector. The communication vector specifies the list
of servers that may provide tasks to the worker
and the communication layer (protocol and port) on
which they may be contacted. In the simplest case,
the server may return its own address.� Next, the worker asks for a job from the server,
through theworkRequestrequest. The worker pro-
vides a description of its runtime environment (e.g.
operating system, architecture, etc.) and the list of
the binaries previously downloaded and stored in a
local cache directory. According to this information,
the server selects a task, and sends back to the worker
a description of the task, the task inputs, the binary
of the application corresponding to the runtime of the
worker if necessary, and the address of a server that

is able to store the results.� During the computation the worker periodically in-
vokesworkAlive to signal its activity to the server.
The server continuously monitors these calls, to im-
plement a timeout protocol. When a worker has not
called for a sufficient long time, the worker is consid-
ered down and its task may be rescheduled to another
worker.� At the end of the computation the worker sends back
results to the specified address, through theworkRe-
sult call. This call is echoed back to the server which
has provided the work, so as to signal the completion
of this piece of work.

4 Worker Architecture

The worker has two main functionalities: providing the
resources of the User machine to the execution of the



XtremWeb computation, and executing the application
provided by the server. For a wide acceptance of a Global
Computing project, the design of the worker software
should put emphasis on the respect of the User. Thus, the
worker architecture stresses user-configuration capability,
non-intrusive environment and User security.

4.1 Virtualizing the Worker Resources

The user decides when XtremWeb may run a computation
and what resources the computation may use.� The availability of a given machine depends on the

User presence (detected through the keyboard or
mouse activity), the presence of non-interactive tasks
(detected through the CPU, memory and I/O usage)
and other conditions like night and day for instance.
Resource utilization is continuously monitored by
the worker. An interface to the resources is provided
by Operating System features, e.g. the /proc direc-
tory for the Unix OSes. A User defines an availabil-
ity policy simply by indicating for each resource a
threshold above which the computer is usable for a
Global Computation and a threshold that provokes
the interruption of the computation.� Controlling the resources used by the Global Com-
putation can be tuned. In the simplest scheme, the
global computation obtains none of the resources
of an used machine and all the resources of a un-
used machine. However, a User may limit se-
lected resources consumed by the Global Computa-
tion launched by XtremWeb, e.g. disk usage. On the
contrary, a User may allow the global Computation
to share some resource even when the computer is
used, for instance by nicing the global application in-
stead of stopping it. So possibilities of control over
the resources is strongly tied to Operating System
features.

4.2 Implementation

The implementation of the XtremWeb worker is mainly
written in Java, the calls to specific OS functionalities are
written in C, integrated through the Java Native Interface.
The choice of the Java language allows the core of the
XtremWeb to be easily ported over different architectures.

Currently, the worker is available for download for Linux
Intel86 and Windows Platforms. We plan to port the soft-
ware to Linux on PowerPC, to Solaris on Sparc and Win-
dows Pocket for handheld devices. Note that this part of
the system is not related to performance, but to portability
and security.

Activity
Monitor

Alive

Control
Request

Application
Finished

Activity Monitor

User mode Worker mode

Daemon treads

Figure 3: Architecture of the worker

Figure 3 shows the worker architecture. In user mode,
a background thread running at low priority monitors
the computer activity, following the availability policy.
When the computer becomes available, a new thread is
launched. This thread starts with a control thread, that
creates a monitoring thread, a compute thread and an alive
thread, and waits forever for the monitoring thread to ter-
minate. The compute thread runs the binary of the global
application. When the monitoring thread detects an in-
crease in the machine load (except its own activity) or the
presence of the User, it terminates immediately, causing
the other threads to die. The compute and alive thread run
as Java daemon threads. This implementation ensures that
whatever synchronization is implied in the invocation of
remote method on the dispatcher, threads cannot become
deadlocked.

4.3 Usability Issue

The worker software comes with different tools to enforce
its usability.

The installation process follows two ways: installation
on a single workstation and installation on a local area
network. In both case it doesn’t require the user to have
special root privileges.

The setup on a single workstation is similar to any
software installation. On a LAN, we provide a tool
called xwLan to simplify this process. This tool has



two purposes: configuring the pool of machines (iden-
tifying them, selecting the machines to use, configuring
their availability policies) and ensuring that the worker
software runs on the selected machines. This software is
written in the Perl scripting language as a set of object-
oriented modules. The system administrator may config-
ure his LAN with a graphical user interface front-end, but
may also develop its own custom scripts to maintain the
installation. xwLan is also Agent based. Agents have the
responsibility of restarting the XtremWeb software after
shutdown, and also of discovering new machines on the
network and delivering information about configuration
changes.

Another requested features for this kind of project (and
needed to make it appealing to a wider public) is the abil-
ity for the User to follow the progress of the machines he
had registered to XtremWeb. The User may login to the
XtremWeb Web server to get online statistics about the
activity of his machines, and information about the last
tasks computed. The User may also organize himself and
colleagues as a team. XtremWeb gathers statistics such as
ranking teams according to their times spent on computa-
tion.

5 Server Architecture

XtremWeb servers are responsible for hosting applica-
tions (in form of pre-compiled binaries for different ar-
chitectures) and tasks submitted by clients and for pro-
viding these tasks and applications to the workers willing
to compute.

5.1 Server Modules

Figure 4 is an overview of the server architecture. The
server is composed of several modules that we describe
below:

Pool of Applications XtremWeb focuses on sequential
multi-parameters applications. Distributing an ap-
plication consists of providing pre-compiled binaries
for different platforms. It also needs a description of
the application providing its name and defining how
the application handles its parameters and what are
the results of the applications. It is also possible to

provide different versions of the application (upgrad-
ing on the worker is automatic).

Pool of Jobs A client submits tasks to XtremWeb by pro-
viding the reference to the application and a set of pa-
rameters that defines a set of tasks. Parameters may
be several files, a file read for the standard input of
the application, or arguments on the command line.
For certain types of multi-parameters application, an
external tool (like Nimrod/G [4]) should be used to
translate the variation of each parameter into a set of
files, each one describing one task. When the task is
stored in the database, it receives a uniquetask iden-
tifier. This task identifierrefers the task for all the
subsequent operations ( scheduling, accounting, and
result retrieving).

Accounting modules Accounting modules store infor-
mations about the tasks. These informations are
the reference to the host which have performed the
jobs (or a list of hosts if the tasks have been inter-
rupted), the client who submitted the tasks, and vari-
ous timestamps about the tasks. This accounting in-
formation has two main purposes. First, it allows to
experiment on performance prediction of the hosts
and the network, scheduling, modeling and bench-
marking the Global Computing architecture. Second
it is processed to provide feedback to the Users about
their machines or their tasks (see next item).

Web User Interface Users, clients and administators of
XtremWeb may interact with the system through a
Web interface:� to submit tasks, follow the progression of the

tasks, retrieve the results.� to get statistics about the activity of the ma-
chines participating to XtremWeb as workers,
and for Users to have the ranking of their team.� for the administration of XtremWeb servers, to
monitor servers and perform maintenance op-
eration.

5.2 Scheduling

The scheduler in XtremWeb is decoupled in two parts:
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Figure 4: Architecture of the server

Dispatcher
The dispatcher selects a bunch of tasks from the task

pool and distributes that bunch to the scheduler. The task
selection currently follows a very simple scheme. First the
dispatcher determines the foremost application to provide
the task. Priority is configured by setting minimum ratios
of tasks running per application. Second, the dispatcher
selects the last recently submitted task for that application.

Scheduler
The scheduler has the responsibility of getting a bag of

tasks done. The tasks are currently scheduled in a FIFO
scheme. When a worker requests a work the scheduler
first selects the task that may be run by this particular
worker according to its run time environment and the exis-
tence of a pre-build binary of the application. The sched-
uler also detects aborted tasks by maintaining timeout on
the workAlivesignals (see sub-section 3.3) and resched-
ules it when necessary.

The dispatcher and scheduler policies are dynamically
configurable. New policies can be defined (e.g. LIFO,
or much more complex according to specific applica-
tion/resource criteria), and hot-plugged into the server,
through the Java Reflection API.

5.3 Scalability

XtremWeb aims at scaling up to several hundreds of thou-
sands of workers with corresponding performance im-
provement.

This scalability goal is ensured by several design
choices:� The server throughput is increased by using cluster

of servers and a meta server. Servers run the sched-
uler module and the meta server runs the dispatcher
and delivers tasks to the servers. In case of failure
of one of the servers, the meta server also reroutes
the workers to another available server. When a call
from a worker fails, the callhostRegisterfinally goes
to the meta server (see sub-section 3.3).� Load balancing within the cluster of servers may
be achieved through an external tool, able to sus-
tain high throughput, typically via mechanisms sup-
ported by OS kernel (such as the Linux Virtual
Server) or DNS aliases.� Specialized servers may be dedicated to collecting



the results so as to reduce the traffic to the root
servers.

5.4 Implementation

The Server implementation mostly uses free software
components that are available on most operating systems,
and Java, which is inherently portable. The database soft-
ware is MySQL, but most of the languages we use (Java,
PHP and Perl) provide vendor neutral access to database
(like Java DataBase Connectivity or Perl DataBase Inter-
face) so changing to another database from a different
vendor would not require many modifications of the code.

6 Application

6.1 Background

The Pierre Auger Observatory [13] project is an inter-
national effort to study the highest energy cosmic rays,
above1019 eV. The origin of such very high energy cos-
mic rays is completely unknown. In fact, until the fortu-
itous detection of two events above1020 eV, the theory
did not allow them to happen.

Such events are extremely rare: above the energy of1018 eV, only one particle each week falls on an area of
one square kilometer, while above the energy of1020 eV,
only one particle falls on a square kilometer in a century.
Moreover, cosmic rays cannot be directly observed at the
earth level, and high-energy cosmic rays are too rare to
be observed from space. However, when cosmic ray par-
ticles (primaries) strike the earth’s atmosphere, collisions
with air molecules initiate cascades of secondary parti-
cles, calledair showers. Two giant detector arrays, each
covering 3000 km2, will be constructed in the Northern
and Southern Hemispheres. The objective of the arrays is
to measure the arrival direction, energy, and mass com-
position of cosmic ray air showers above1019 eV during
many years.

Air showers must also be numerically simulated, in par-
ticular by the AIRES [22] (Air Showers Extended Simu-
lation) program. The complete AIRES 2.2.1 source code
consists of more than 590 Fortran77 routines, adding up
to more than 80,000 source lines.

The simulated results will be compared against the ac-
tual observations to infer the primaries characteristics de-
scribed above, during all the experiment. The inputs of
the numerical simulation are the physical parameters of
one primary particle plus parameters related to simula-
tion control. The output is the simulated shower particles
arriving at the earth level. The number of independent
simulations to be executed is very large: the simulation
is based on a Monte-Carlo scheme, requiring many runs
with the same input parameters to compute averages. Pri-
maries particles with various structural and kinetic prop-
erties have to be simulated for multiple physical models.
The requirement in computing power is at least to106
hours of a 300MHz PC per year. At this step of our work
and of the Auger experiment, the XtremWeb project is a
tentative to deliver complementary resources, to the pro-
duction of the classical high-performance computing fa-
cilities.

6.2 Implementation of AIRES on Top of
XtremWeb

A sequential execution of Aires lasts between 5 and 10
hours on a 300Mhz PC, but the execution time directly de-
pends on the thinning parameter. Larger execution (more
precise) may be launched using a lower calling value. Ex-
ecution time can be predicted with reasonable accuracy
from the input parameters and the worker machine per-
formance. Thus it is unlikely that a remote host would
stay available during this time.

There are two approaches to circumvent this problem:
The first approach is to use the built-in checkpointing

mechanism of Aires. This is enabled by indicating within
the parameter file the number of checkpointing operation
per run. Aires saves the whole set of particles composing
the air showers, states of variables and the already com-
puted results in a file format calledInternal Dump File
(IDF). The simulation can continue from the saved state
on the same machine during the next period of availability
or the IDF file may be send back to server as a result and a
new task is created which have the IDF file as parameter,
allowing a kind of “process migration”.

However, this solution has several drawbacks: 1) The
IDF file requires a large disk space (up to several dozens
of MegaBytes), thus it may only be activated with User’s



permission. 2) if the task needs to be rescheduled, this
would required an incremental checkpointing solution
that may stress the network traffic to the server.

The second approach is to downsize the granularity of
an Aires execution.

Basically, AIRES manages a stack of particles compos-
ing the Air Shower. A simulation starts by stacking the
primary particle. Then, the simulation proceeds step by
step following an iteration process until the stack is empty.
For each particle, a “faith” is probabilistically computed:
either annihilation, new particles creation or storing in a
result buffer. As a consequence, the number of particles
inside the stack evolves during the execution, decreasing
or increasing at each iteration.

There is no collision between particles belonging to
deferent sub-showers. So, the global shower can be
viewed as a hierarchy of independent showers.

Downsizing Aires consists in making custom sub-tasks
by following three steps:� The server starts an execution of Aires with the

original parameter file until the iteration count has
reached a threshold.� Sub-tasks are defined by special parameters for each
sub shower. These parameters describe the stack
part that will be used for the sub-shower simulation.
The stack is partitioned according to an iso-energy
scheme (i.e. the partitions of the stack have the same
total energy).� The server generates sub-tasks by producing a spe-
cial IDF file that contains only the part of the stack
belonging to the sub-shower. Finally sub-tasks are
inserted in the pool of tasks.

A parallelized version of Aires [11] has been imple-
mented, to check the effectiveness of iso-energy partition-
ing the stack. Performance evaluation shows a nearly lin-
ear speed-up on a 64 nodes cluster of Pentium Pro. With-
out iso-energy partitioning, scalability is limited to four
nodes. This experiment demonstrates that the iso-energy
partitioning of the stack is a relevant method for creating
custom sub-tasks with predictable execution duration.

7 Related Works

Cycle stealing in a LAN environment has already been
studied in the Condor [10] and Atlas [8] project. How-
ever, the context of LAN and Internet is drastically dif-
ferent. In particular, scheduling techniques [5, 20] needs
to be adapted for a Global Computing environment due
to: 1) the very different communication and computing
performance of the targeted hosts, 2) the sporadic Inter-
net connection and 3) the high frequency of faulting ma-
chines.

Legion [15], Globus [14] and Nimrod/G [4] are repre-
sentative of large scale meta-computing systems. They
address issues such as heterogeneity, programmability,
scalability or inter-operability and coupling of high per-
formance architectures or networks of workstations. In
contrary, XtremWeb is designed to support a very high
numbers of personal devices across many administrative
domains.

Several Global Computing Project like JET [19],
Bayanihan [21], SuperWeb [6], Javelin [16], Popcorn [17]
or Charlotte [9] rightly outline the several remaining is-
sues when the concept of cycle stealing is extended from
a LAN scale to the Internet scale. XtremWeb extends the
concept ofVolunteer Computingby allowing institutions
to setup their own Global Computing application, based
on their legacy applications.

8 Conclusion

In this paper, we have presented XtremWeb, a framework
for experimenting the Global Computing model.

The XtremWeb architecture exhibits several properties.
By supporting native execution, XtremWeb may be used
by institutions for setting up their own Global Comput-
ing system based on their legacy applications. Servers ar-
chitecture enables scalability and fault tolerance. Future
work will develop extensive testing on the XtremWeb ar-
chitecture to evaluate quantitatively its characteristics and
limits.

Tools have been developed to enforce the usability of
the platform. Installation and administration over a LAN
may be done in an automated way. The Web interface and
contest between teams of users is an attractive way to in-
volve the public. The first version of the worker software



has been released for public download in November 2000
; the Windows port as well as the LAN installer should
follow shortly. Focus is now on developing the user base
of XtremWeb.

Finally we have described the implementation of Aires
on top of XtremWeb. Aires is a large-scale end-user ap-
plication used in astrophysics.

Our immediate goal is to make XtremWeb fully usable
by Collaborators. In particular we plan to implement se-
curity protection with native code execution sand-boxing,
a plug-in scheduler, a peer-to-peer model allowing any
certified user to submit jobs to anyone. Future work is
to find the relevant performance parameters that define
and characterize a parallel architecture built through the
Global Computing model.
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