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Preface

On behalf of the Program Committee, it is a pleasure for us to introduce the
proceedings of the 1st European Across Grids Conference. This event was held in
Santiago de Compostela, Spain, February 13—14, 2003. The conference, organized
by the University of Santiago (USC), the University of A Coruna (UDC) and
the Supercomputing Center of Galicia (CESGA), was promoted by the European
CrossGrid project and supported by the GridStart Cluster.

The idea of organizing this event was born within the CrossGrid commu-
nity. CrossGrid is developing its middleware, tools and applications in collabo-
ration with DataGrid and GridLab and is open to collaboration with other Grid
projects. USC, UDC and CESGA enthusiastically supported the conference idea.
We consider the Across Grids Conference to be an important contribution to the
objectives of the GridStart project.

The aim of this 1st European Across Grids Conference was to forge an an-
nual forum in which researchers linked to European projects could present their
research results in the field of Grid computing. This conference does not in-
tend to replace the Global Grid Forum. However, we do find that research being
conducted within European projects deserves a special meeting in which all re-
searchers participating in the Grid development challenge can exchange ideas,
experiences and, chiefly, results. We would like the effort of organizing this forum
to find continuity in the following years in other European cities.

Our first interest was to bring together as many European Grid projects as
possible. We believe we have been successful in attaining this aim. Papers and
posters from DataGrid, CrossGrid, Damien, DataTAG, GridWay and GridLab
were presented, as well as results of research funded by national Grid projects,
including NORDUGRID and several Spanish Grid initiatives, such as RedeGrid.
Our second interest was to show all topics being dealt with in Grid computing
research. We believe that this objective was also achieved: research work on
testbeds, QoS, network performance, resource brokers, input/output, databases,
and security issues was presented.

Finally, we wanted authors and attendees to come from all over Europe. Many
institutions from Spain, Poland, Cyprus, Greece, France, Germany, Slovakia,
Austria, Ireland, Romania, Hungary, Sweden, Finland, Italy and the Netherlands
were represented at the conference.

As a research forum, the quality of the contents is an extremely important
issue. Due to the short period of time in which we had to organize this event
(less than 6 months), we begun by requesting a short abstract (no more than 4
pages) about the work to be defended. Every abstract was reviewed by a panel of
experts from several countries around Europe, as well as by local researchers in
the field. Every abstract underwent at least 2 reviews, and many of the abstracts
were reviewed by up to 5 experts. The Program Committee selected the 28 best
abstracts to be presented in oral sessions, and 11 more abstracts for poster
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presentations. The contributed papers were divided into four oral sessions (A,
B, C and D) plus a poster session.

Papers presented in session A addressed Grid middleware architecture, tools,
evaluating possible migration to the OGSA model, authorization in VOs, and
resource management. Resource management for Grids is an important topic as
the Grid is a heterogeneous, geographically distributed, and inherently dynamic
system, so efficient algorithms for resource discovery selection, and co-ordination,
as well as job scheduling, monitoring and migration are of great practical im-
portance.

Session B comprised experiences with Grid testbed deployment and opera-
tion, data management and optimization of data access, middleware for parallel
I/O on Grids, and Grid-based distant e-learning. Most papers in this session
present various aspects of data management such as secure ways of publish-
ing metadata, stream-oriented database management, data stripping for access
to and processing of large databases, optimizations to use local resources, and
multiagent approaches to accessing data repositories.

Session C was devoted to the deployment of large applications on Grids; in
particular to Grid services for interactive applications that were built on top of
the HLA, Grid services for visualization of simulations, development of the Grid-
enabled air quality parallel simulation with MPICH-G2, investigations of the
implementation on a Grid of self-organizing maps for data mining, partitioning
problems, and, finally, a migrating desktop for Grid-enabled applications.

The main topics of Session D dealt with performance and monitoring on the
Grid. These papers present concepts and tools for the analysis and prediction
of performance characteristics of applications running on Grid environments.
This, in turn, requires an efficient infrastructure for monitoring the Grid and
the applications. Two papers present experiments with network performance
measurements.

Contributions presented as posters addressed the concept of the Grid, an
overview of European Grid projects, Grid infrastructure and application moni-
toring, multimedia service management based on Grid middleware, a component
model based on CORBA for Grid computing, a combination of the Mobile In-
ternet and the Grid for large-scale computing, and resource sharing, as well as
applications of Grid computing in bioinformatics and particle physics.

Last, but not least, we want to thank all of the members of the Interna-
tional Advisory Committee who encouraged us to go ahead with this confer-
ence project, the Program Committee, and all of the people at USC, UDC and
CESGA who worked hard to make this conference a successful event. Of course,
none of this would have been possible without support from our sponsors: HP
Invent, GridSystems and RedeGrid.

December 2003 Marian Bubak
Ramoén Doallo

Andrés Gémez

Francisco F. Rivera
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Experiences on Grid Resource Selection
Considering Resource Proximity*

Eduardo Huedo', Rubén S. Montero?, and Ignacio M. Llorente'*

! Laboratorio de Computacién Avanzada, Centro de Astrobiologia (CSIC-INTA),
28850 Torrejon de Ardoz, Spain
? Departamento de Arquitectura de Computadores y Automatica,
Universidad Complutense, 28040 Madrid, Spain

Abstract. Grids are by nature highly dynamic and heterogeneous en-
vironments, and this is specially the case for the performance of the
interconnection links between grid resources. Therefore, grid resource
selection should take into account the proximity of the computational re-
sources to the needed data in order to reduce the cost of file staging. This
fact is specially relevant in the case of adaptive job execution, since job
migration requires the transfer of large restart files between the compute
hosts. In this paper, we discuss the extension of the Grid Way framework
to also consider dynamic resource proximity to select grid resources, and
to decide if job migration is feasible and worthwhile. The benefits of the
new resource selector will be demonstrated for the adaptive execution of
a computational fluid dynamics (CFD) code.

1 Introduction

Grids bring together resources distributed among different administration do-
mains to offer a dramatic increase in the number of available compute and stor-
age resources that can be delivered to applications. The Globus middleware [1]
provides the services and libraries needed to enable secure multiple domain oper-
ation with different resource management systems and access policies. It supports
the submission of applications to remote hosts by providing resource discovery,
resource monitoring, resource allocation, and job control services.

However, application execution on grids continues requiring a high level of ex-
pertise due to its complex nature. The user is responsible for manually perform-
ing all the job submission stages in order to achieve any functionality: resource
discovery and selection; and job preparation, submission, monitoring, migration
and termination [2]. We have presented in [3] a new Globus experimental frame-
work that allows an easier and more efficient execution of jobs on a dynamic
grid environment in a “submit and forget” fashion. Adaptation to changing
conditions is achieved by implementing automatic application migration follow-
ing performance degradation, “better” resource discovery, requirement change,
owner decisions or remote resource failure.

* This research was supported by Ministerio de Ciencia y Tecnologia (research grant
TIC 2003-01321) and Instituto Nacional de Técnica Aeroespacial (INTA).

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 1-8, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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The most important step in job scheduling is resource selection, which in turn
relies completely in the information gathered from the grid. Resource selection
usually takes into account the performance offered by the available resources, but
it should also consider the proximity between them. The size of the files involved
in some application domains, like Particle Physics or Bioinformatics, is very
large. Hence the quality of the interconnection between resources, in terms of
bandwidth and latency, is a key factor to be considered in resource selection [4].
This fact is specially relevant in the case of adaptive job execution, since job
migration requires the transfer of large restart files between the compute hosts.
In this case, the quality of the interconnection network has a decisive impact on
the overhead induced by job migration.

The architecture of the Grid Way framework and its main functionalities are
briefly described in Section 2. In Sections 3 and 4 we discuss the extension of the
Grid Way framework to also consider dynamic resource proximity to select grid
resources, and to decide ifjob migration is feasible and worthwhile. The benefits
of the new resource selector will be demonstrated in Section 5 for the adaptive
execution of a computational fluid dynamics (CFD) code on a research testbed.
Finally, in Sections 6 and 7 we describe related and future work, and give some
conclusions about the brokering strategy presented in this research.

2 The Grid Way Framework

Probably, one of the most challenging problems that the grid community has
to deal with is the fact that grids present unpredictable changing conditions,
namely: high fault rate, and dynamic resource availability, load and cost. Conse-
quently, in order to obtain a reasonable degree of both application performance
and fault tolerance, a job must be able to migrate among the grid resources
adapting itself according to their dynamic characteristics.

The core of the Grid Way framework is a personal submission agent that
performs all the steps involved in job submission [2]. Adaptation to changing
conditions is achieved by supporting automatic job migration. Once a job is
initially allocated, it is dynamically rescheduled when the following events occur:

— A “better” resource is discovered

— The remote host or its network connection fails

— The submitted job is cancelled or suspended

— A performance degradation is detected

— The requirements or preferences of the application changed (self-migration)

The architecture of the submission agent is depicted in figure 1. The user
interacts with the framework through a request manager, which handles client
requests and forwards them to the dispatch manager. The dispatch manager
periodically wakes up and tries to submit pending jobs to grid resources, it is also
responsible for deciding if the migration of rescheduled jobs is worthwhile or not.
Once a job is allocated to a resource, a submission manager and a performance
monitor are started to watch over its correct and efficient execution.



Experiences on Grid Resource Selection Considering Resource Proximity 3

GRAM callback

JOB FILES
Executabis

= InputOutput
~ Rastart

PERFORMANCE
DEGRADATION

Fig. 1. The architecture of the Grid Way framework.

The flexibility of the framework is guaranteed by a well-defined interface for
each submission agent component. Moreover, the framework has been designed
to be modular, to allow extensibility and improvement of its capabilities. The
following modules can be set on a per job basis:

— resource selector, which builds a prioritized list of candidate resources

— performance evaluator, which is used to evaluate the application performance
— prolog, which prepares the remote system and performs input file staging
— wrapper, which executes the job and returns its exit code

— epilog, which performs output file staging and cleans up the remote system

3 Resource Selection Considering Proximity to Data

Due to the heterogeneous and dynamic nature of the grid, the end-user must
establish the requirements that must be met by the target resources (discovery
process) and a criteria to rank the matched resources (selection process). The
attributes needed for resource discovery and selection must be collected from
the information services in the grid testbed, typically Globus MDS. Resource
discovery is usually based on static attributes (operating system, architecture,
memory size...) taken from MDS GIIS (Grid Information Index Service), while
resource selection is based on dynamic attributes (disk space, processor load,
free memory...) taken from MDS GRIS (Grid Resource Information Service).
The dynamic network bandwidth and latency between resources will be also
considered in the resource brokering scheme. Different strategies to obtain those
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network performance attributes can be adopted depending on the services avail-
able in the testbed. For example, Globus MDS could be configured to provide
such information by accessing the Network Weather Service [5] or by activating
the reporting of GridFTP statistics [6]. Alternatively, the end-user could provide
its own network probe scripts or static tables.

The brokering process of the Grid Way framework is shown in figure 2. Ini-
tially, available compute resources are discovered by accessing the MDS GIIS
server and, those resources that do not meet the user-provided requirements
are filtered out. At this step, an authorization test (via GRAM ping request) is
also performed on each discovered host to guarantee user access to the remote
resource. Then, the dynamic attributes of each host is gathered from its local
MDS GRIS server. This information is used by an user-provided rank expression
to assign a rank to each candidate resource. Finally, the resultant prioritized list
of candidate resources is used to dispatch the job.

RESOURCE INFORMATION

=
LDAP Registrations

Ranked candidate Est
Fig. 2. The brokering process scheme of the Grid Way framework.

The new selection process presented in this paper considers both dynamic
performance and proximity to data of the computational resources. In particular,
the following circumstances will be considered in the resource selection stage:

— The estimated computational time on the candidate host when the job is
submitted from the client or migrated from other execution host.

— The proximity between the candidate host and the client, to reduce the cost
of job submission, job monitoring and file staging.

— The proximity between the candidate host and a remote file server, to reduce

the transfer costs of input or output files stored in such server.
— The proximity between the candidate host and the current or last execution

host, to reduce the migration overhead.
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4 Performance Model

In order to reflect all the circumstances described previously, each candidate
host (hy) will be ranked using the rotal submission time (lowest is best) when
the job is submitted or migrated to that host at a given time (¢,). In this case,
we can assume that the submission time can be split into:

Tsub(hm tn) = Texe(hm tn) + Txfr(hm tn) (1)

where Teze(hn,tn) is the estimated computational time and Tg¢r(hn,ts) is the
estimated file transfer time.

Let us first consider a single-host execution, the computational time of a
CPU-intensive serial application on host h at time ¢ can be estimated by:

_Op__ i >
Topu(h,t) = { rropg,  MOPU( 21

_FL‘o_‘Ps.CPUm if CPU(t) <1 )

where FLOPS is the peak performance achievable by the host CPU, CPU(t) is
the total free CPU at time ¢, as provided by the MDS default scheme, and Op
is the number of floating point operations of the application.

However, the above expression is not accurate when the job has been exe-
cuting on multiple hosts and then is migrated to a new one. In this situation
the amount of computational work that have already been performed must be
considered. Let us suppose an application that has been executing on hosts
ho...hy,—1 at times tg...tn,—1 and then migrates to host A, at time ¢, the
overall computational time can be estimated by:

Tewe(Pn, tn Ztm ( Z T e;j - )Tc,mwn,tn) (3)

cpu

where Tepu(h,t) is calculated using expression 2, and £, is the time the job has
been executing on host h;, as measured by the framework. Note that, when n is
0, expressions 2 and 3 are equivalent.

Similarly, the following expression estimates the total file transfer time:

Dat . , ,
Trfr(hn,tn) Z txfr + Z o a a’;"‘t] ] j = client, file server, exec host
n1
(4)

where bw(hy, h2,t) is the bandwidth between hosts ~y and hy at time t, Datap, n,
is the file size to be transferred between them, and tmf, is the file transfer time
on host h;, as measured by the framework.

When the job is rescheduled due to a resource discovery timeout, the dis-
patch manager chooses the lowest ranked (lowest estimated submission time)
candidate host for a migration only if it has a lower rank than the rank of the
current execution host when the job was submitted; otherwise the migration is
rejected. Therefore, the job will be migrated only if migration is considered to be
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profitable. However, when the job is rescheduled due to a remote host failure or
an user request, the dispatch manager always grants the migration to the lowest
ranked host, even if it has a higher rank than the last execution host.

S Experiments

The behavior of the resource selection strategy previously described is demon-
strated in the execution of a CFD code in our heterogeneous research testbed,
summarized on Table 1. The target application solves the 3D incompressible
Navier-Stokes equations using an iterative multigrid method [7].

Table 1. Characteristics of the machines in the research testbed.

Name Model 0S Speed Memory
ursa.dacya.ucm.es Sun Blade 100 Solaris 8 500MHz 256MB
draco.dacya.ucm.es  Sun Ultra 1 Solaris 8 167MHz 128MB

columba.dacya.ucm.es Intel Pentium MMX Linux 2.4 233MHz 160MB
cepheus.dacya.ucm.es Intel Pentium Pro Linux 2.4 200MHz 64MB
solea.quim.ucm.es Sun Enterprise 250 Solaris 8 296MHz 256MB

In the following experiments, the client is ursa, which holds an input file
with the simulation parameters, and the file server is columba, which holds the
executable and the computational mesh. The output file with the velocity and
pressure fields is transferred back to the client, ursa, to perform post-processing.
Table 2 shows the available machines in the testbed, their corresponding CPU
performance (in MFLOPS), and the maximum bandwidth (in MB/s) between
them and the hosts involved in the experiment.

Table 2. Candidate machines in the testbed along with their CPU performance and
bandwidth between them and the machines involved in the experiment (client=ursa,
file server=columba and exec host=draco).

h CPU bw(h, client) bw(h, file server) bw(h, exec host)
draco 175 0.4 0.4 00
columba 225 0.4 00 0.4
cepheus 325 0.4 0.4 0.4
solea 350 0.2 0.2 0.2

Table 3 shows the estimated submission time (1), computational time (3)
and transfer time (4) for a single-host execution on each of the available hosts.
Resource selection based only on the estimated computational time would allo-
cate the application to solea (lowest Teze). However, when the resource selection
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Table 3. Estimated and measured times for a complete execution without migration.

ho Texe(ha, tn) Tsz-(hu, tq) Tsub(h’g, to) Measured time
draco 171 20 191 200
columba 133 10 143 146
cepheus 92 20 112 120
solea 86 40 126 134

Table 4. Estimated and measured times for a migrated execution from draco
(ho=draco, Teze(ho, to)=171, t2,,=65, 13 ;,=10).

hy Teze(h1,t1) Tzfr(hl,h} Tsub(hi,t1) Measured time
columba 148 30 178 184
cepheus 122 40 162 170
solea 118 70 188 196

strategy takes into account the file transfer time, the job is allocated to cepheus
(lowest Tgyp). The measured submission time presents a reduction of about 10%
compared with the resource selection based only on CPU performance.

The influence of the file transfer size is even more relevant in case of an
adaptive execution, as shown in Table 4. In this case a migration from draco
to each of the available hosts in the testbed is evaluated. When only the CPU
performance is considered in the resource selection process, the job is migrated
to solea (lowest Teze). However, if resource proximity is also considered, the
application would migrate to cepheus (lowest Tgyp) that implies a reduction of
the submission time of about 14%, compared with the resource selection based
only on CPU performance.

6 Related Work

The selection stage of computational resources has been widely studied in the
literature. For example, the resource selection service presented in [8] uses an
extension of the Condor matchmaking algorithm called set matching to provide
selection of resource sets. However, it is focused on distributed HPC applications
and it only takes into account the proximity between the resources within a
resource set. Also, a framework capable to migrate applications based on load
conditions is proposed in [9], although it considers the migration overhead as
a constant. Finally, several mechanisms for storage resource selection [10] and
data replication [11] based on proximity have been proposed. We apply some of
these ideas to the selection of computational resources, taking into account the
possibility of job migration to deal with the dynamic nature of the grid.
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7 Conclusions and Future Work

In this work we have analyzed the relevance of resource proximity in the re-
source selection process, in order to reduce the cost of file staging. In the case of
adaptive job execution the quality of the interconnection network has also a de-
cisive impact on the overhead induced by job migration. In this way, considering
resource proximity to the needed data is, at least, as important as considering
resource performance characteristics. We expect that resource proximity would
be even more relevant for greater file sizes and more heterogeneous networks.

We are currently applying the same ideas presented here to develop a storage
resource selector module. The storage resource selection process is equivalent to
the one presented in figure 2, although the discovery process is performed by
accessing the Globus Replica Catalog. The resource selection is based on the
bandwidth between the selected compute resource and the candidate storage
resources, along with the values gathered from the MDS GRIS.
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Abstract. Application layer networks are software architectures that
allow the provisioning of services requiring a huge amount of resources
by connecting large numbers of individual computers, like in Grid or
Peer-to-Peer computing. Controlling the resource allocation in those net-
works is nearly impossible using a centralized arbitrator. The network
simulation project CATNET will evaluate a decentralized mechanism
for resource allocation, which is based on the economic paradigm of the
Catallaxy, against a centralized mechanism using an arbitrator object. In
both versions, software agents buy and sell network services and resources
to and from each other. The economic model is based on self-interested
maximization of utility and self-interested cooperation between agents.
This article describes the setup of money and message flows both for
centralized and decentralized coordination in comparison.

1 Decentralized Resource Allocation Mechanisms
and the Grid

Private computer centers, shielded from public networks, provide computation
and data storage as a closed, private resource, and are mostly controlled by
central arbitrator objects. In contrast, the openly accessible Internet resource
pool offers more than 150 million connected hosts, and the number is growing
exponentially, without any visible control instance. Even if only a fraction of
this processing and storage capacity could be allocated properly, the resulting
computation power would exceed private networks by far.

Currently there exist some Internet-wide public resource infrastructures,
which are called Grids and Peer-to-Peer systems. Grids are Internet accessible
computational resources provided to grid users for execution of computational
intensive parallel applications. Peer-to-Peer systems are end-users computer con-
nected to the Internet which provide their computational and/or storage re-
sources for other end-users usage.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 9-16, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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A Grid Application Network scenario would be the distributed provisioning
of web services for Adobe’s Acrobat (for creating PDF files) in an Akamai-like
application layer network; word-processor client programs would transparently
address the nearest/cheapest Acrobat service instance. The overall objective in
the network would be (a) to always provide access to Acrobat service, such that
a minimum number of service demands have to be rejected, and (b) to optimize
network parameters such as provisioning costs and network communication.

In order to keep such a network operational, service control and resource
allocation mechanisms are required. However, these mechanisms are realized in
existing operational large-scale distributed systems by employing a centralized
coordinator instance (like an auctioneer or an arbitrator). This centralized ap-
proach has several drawbacks.

A first prerequisite for a central coordination instance to work properly is
that the environment does not change its state between the beginning and the
end of the computation process. Grid application networks, however, are very
dynamic and fast changing systems: service demands and nodes connectivity
changes are very frequent, and new different services are created and composed
continuously.

A second related property is that the coordinator should have global knowl-
edge on the state of the network. This is mostly achieved by calculating the
time steps such that actual status information from all nodes arrives safely at
the coordination instance. However, if the diameter of the network grows, this
approach leads to long latency times for the nodes.

Third, a centralized coordinator is part of the problem that decentralized
grid application networks are trying to solve: As bids and offers have to route
through the network to the single instance which collects global knowledge and
computes the resource allocation, the distribution and deployment of services
throughout the network is counteracted. This is currently not a problem as the
control information is small compared to the allocation data itself, but may
increase when the principle is applied to more and more application areas.

These drawbacks lead to the search for a truly decentralized coordination
concept which is able to allocate services and resources in real-time without a
dedicated and centralized coordinator instance. This concept should on one hand
be able to cope with technical shortcomings like varying amounts of memory and
disk space, internet connection speed and sporadic appearance and disappear-
ance of the services. On the other hand, it is desirable that the network as a
whole shows optimised behavior with regard to low overhead communication,
short computation times, pareto-optimal resource allocation.

Recent research in Grid computing has also recognized the value of price gen-
eration and negotiation, and in general economic models for trading resources
and services and the regulation of supply and demand of resources in an increas-
ingly large-scale and complex Grid environment. Examples are the Nimrod/G
Resource Broker and the GridBus project [4].

As a free-market economy is able to adjudicate and satisfy the conflicting
needs of millions of human agents, it would be interesting to evaluate if this
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decentralized organizational principle could also be used for coordination of grid
application networks. In the remainder of this article, we first introduce a de-
centralized economic concept for coordination, the Catallaxy, and describe the
CATNET project. The following section describes money and message flows in
the grid application network economic model, both with a centralized (baseline)
and a decentralized implementation. The article closes with some preliminary
results and an outlook on the applicability of the concept to various domains.

2 Decentralized Economic Coordination:
The Catallaxy Paradigm and the CATNET Project

In grid application networks, different types of resources can be scarce such
as storage, bandwidth, and CPU cycles. Optimization criterions for allocating
these resources can be based on cost-efficiency, performance or a combination
of parameters. In this work, our goal is to develop a simulator, which allows to
experimentally compare two main resource allocation strategies: A centralized
approach in which decisions are taken centrally and a decentralized approach,
where local agents negotiate resources using economic models.

The Catallaxy coordination approach [6] is a coordination mechanism for
systems consisting of autonomous decentralized hard- or software devices, which
is based on constant negotiation and price signaling between the devices. The
mechanism is based on efforts from both agent technology and economics, namely
agent-based computational economics [13], to develop new technical possibili-
ties of coordinating decentralized information systems consisting of autonomous
software agents. The software agents are able to adapt their strategies using
machine learning mechanisms, and this constant revision of strategies leads to
a co-evolution of software agent strategies, a stabilization of prices throughout
the system and self-regulating coordination patterns [6]. The resulting patterns
are comparable to those witnessed in human market negotiation experiments.

Earlier work in computer science has used economic principles for resource
allocation in operating systems, packet routing in computer networks, and load
balancing in distributed computer systems [5]. Most of these approaches rely on
using a centralized auctioneer and the explicit calculation of an equilibrium price
as a valid implementation of the mechanism. A successful implementation of the
Catallaxy paradigm for a distributed resource allocation mechanism promises the
advantage of a more flexible structure and inherent parallel processing compared
to a centralized, auctioneer- based approach.

The goal of the CATNET project is thus to evaluate the Catallaxy paradigm
for decentralized operation of grid application networks in comparison to a base-
line centralized system. For the evaluation of the overall success of the control
mechanism, we will use the “maximum social welfare-criterion”, which is the
sum of all utilities of the participating nodes [11]. This criterion balances both
costs and revenue incurred by the nodes and allows comparing different variants
of the Catallaxy and baseline implementations.
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Social welfare maximizing solutions are a subset of “Pareto-efficient” ones;
once the sum of the payoffs is maximized, an agent’s payoff can increase only
if another agent’s payoff decreases [14]. The resource allocation efficiency of
an agent adds to the revenue, while communication cost, measured as the ra-
tio of data to control bandwidth consumption, adds to the costs. Increasing
performance and decreasing communication in the whole network thus directly
computes to relatively maximize social welfare. As this property also holds for
local optima of the solution space, “social welfare” is considered to be the main,
but not the only evaluation parameter. Other evaluation parameters will be the
network traffic and service access latency.

3 Money and Message Flows in the Grid
and Application Network

The lifecycle of a grid application network can be divided in two phases, the
deployment and the allocation phase.

The goal of the deployment phase is the initial positioning of new resources,
services, and service copies [2]. We assume that the deployment phase has already
been carried out and services are initially located in the network.

The allocation phase, which is in the main focus here, changes resource allo-
cations during the runtime of the network, meaning a re-allocation of the initial
positions found in the deployment phase. During the runtime of the network,
software agents in the network nodes buy and sell access to network service
copies using a heuristic and adaptive negotiation strategy. Changes in prices
for certain services reflect changes in the supply and demand situation, which
are propagated throughout the network. Both client and service provider agents
will adapt their strategies about where to buy and sell based on the received
information, and thus continuously change the state of the network.

3.1 The CATNET Network Simulator

CATNET is a simulator for a generic grid application network (GAN). This GAN
simulator is implemented on top of the JavaSim network simulator. It can be
configured to simulate a specific GAN, such as a content distribution network or
Peer-to-Peer network. Different agent types can be instantiated, namely clients,
resource agents, and service agents. Network resources to be allocated encompass
service access, bandwidth and storage.

JavaSim is a component-based, compositional simulation environment [3],
[8]. It is a discrete event simulator targeted at networking research that provides
support for simulation of real network topologies and grid application services,
i.e. data and control messages among application network instances.

For the purpose of network modeling and simulation, the model defines on
top of the autonomous component architecture a generalized packet switched
network model. It describes the generic structure of a node (either an end host
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or a router) and the generic network components, which can both be used as
base classes to implement protocols across various layers.

The CATNET application simulates two main control mechanisms for net-
work coordination: a “baseline” control mechanism and a “catallactic” control
mechanism. The baseline control mechanism computes the resource allocation
decision in a centralized service/resource provider. The catallactic control mech-
anism has the characteristic that its resource allocation decisions are carried
out by self-interested agents with only local information about the environment.
Each agent has a resource discovery facility and a negotiation strategy module.
The following class types are defined:

— Client: a computer program on a certain host, which needs access to a web
service to fulfill its design objectives. The Client (C) tries to access that
“service” at an arbitrary location within the computer network, use it for
a defined time period, and then continues with its own program sequence.
Client programs run on a connected network “resource”.

— Service: an instantiation of a general application function, embodied in a
computer program.

— Service Copy: one instance of the “service”. The service copy (SC) is hosted
on a “resource” computer, which provides both storage space and bandwidth
for the access of the service.

— Resource: a host computer, which provides a limited number of storage space
and access bandwidth for service transmission. Resources (R) are connected
to each other via dedicated network connections.

— Network Connections: These connections are intended to be of equal length
and thus of equal transmission time and costs.

The trace collection of the simulation execution is done via a database for
processing at a later stage after the simulation.

3.2 Message Flows in the Baseline Model

In order to simulate different control mechanisms we first consider the baseline
system as a special case of the generic catallactic control mechanism. Through
configuration in input scripts, different behavior of the simulator can be set up.
As a consequence, the comparison of simulation results should become easier to
control and the development efforts focus on a single, generic system.

As Fig. 1.a shows, the centralized baseline mechanism employs a dedicated
service coordinator (the master service copy, MSC), which is known to the indi-
vidual service copies.

The client broadcasts a “request_service” message on its network connections.
Either the receiving resource (R) provides a service copy (SC) of the requested
type or not. If a SC is available, the resource routes the request to that service
copy, adding its costs for storage and bandwidth consumption. The SC directs
the request to the Master Service Copy (MSC), provided with information about
costs and the amount of the message’s hop counter, i.e. the number of passed
resources, indicating the distance to the requesting client.
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Fig. 1. Money and Message Flows. a) Baseline Approach; b)Catallactic Approach

Resource hosts (R) forward the received request — independent of the suc-
cessful detection of the service — to their neighboring resource hosts, increasing
the message’s hop counter. Using this procedure, all adjacent resources will be
inquired. If the hop counter exceeds a given number, the message is discarded.

The MSC receives all the information from the R/SC pairs, is able to com-
pute the costs of providing a service and sends back an accept/propose message
revealing the “cheapest” SC to the client. In addition, it informs the selected
R/SC pair. The resource allocates a timeslot and the SC provides the service.

Contracts have to be fulfilled; a re-negotiation of allocations is out of the
project’s scope. Right after the service has been provided to the client, the client
sends the formerly agreed reward to the SC, which redirects the payment share
for bandwidth and storage to its R host.

3.3 Message Flows in the Catallactic Model

The Catallactic control mechanism has the characteristic that its resource allo-
cation decisions are carried out by decentralized SCs with only local information
about the environment; see Fig. 1.b.

Again, the clients send out a “service_request” message on its network connec-
tions in a Gnutella-like fashion [1]. The receiving resource forwards the message
to the neighboring resource hosts. If the resource holds a SC of the requested
type, the resource routes the request to it. In order to return a valid quote to
the client, the SC has to inquire the resource about the provisioning costs by
initiating a negotiation for bandwidth costs. A successful negotiation allows the
SC then to negotiate for the price for the provision of the service with the client,
like in a very shallow iterated contract net protocol [12].

The client orders all incoming proposals in its inbox and subsequently ne-
gotiates for service access. It is guided in its strategy by the subjective market
price, which is computed from all price quotes the agent gets “from the mar-
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ket”, regardless of the particular sender. If the initial offer price does not match
within an interval around the market price, the negotiation will be discontinued.
Otherwise, the agents will engage in a bilateral alternating offers protocol [10]
until acceptance or final rejection of the offer.

An accept message from the client lets the SC confirm both negotiations
(with the resource for bandwidth and with the client for service provision). The
resource reserves bandwidth and the contracts are sealed. The service provision is
mirrored by the according money flow. On the other hand, a reject message from
the client immediately stops further negotiation and initiates a reject message
from the SC to the resource.

To maximize utility, the agents will change their initial offer prices, starting
with demand and supply prices given in an input data script, according to the
following scheme: Rs and SCs as sellers will lower their offer price by one money
unit if the negotiation was not successfully finished. They will raise their initial
price by one money unit after an offer has been accepted. The clients and SCs
as buyers will change their initial prices vice versa.

If a SC has been turned down several times (having sent propose messages
but never received an “accept”), it will try to relocate to another resource. Ac-
cording to the major share of received request messages, measured by incoming
connections, the SC will ask the neighboring resource host for a free storage slot.
If that target resource is fully occupied, the SC will ask the second-often relay of
request messages and so on. If successful, the SC initializes a new instance at the
target resource host and deletes the old instance. The overall effect is that SCs
move themselves around the network in the physical direction of the demand. In
the baseline approach, the SC wanting to relocate sends a query message to the
MSC, who will inform the SC about where to relocate to.

4 Conclusion and Outlook

One of the goals of the CATNET project is the setup for a network simulator
which can simulate different coordination models. This article shows how cen-
tralized and decentralized coordination can be supported with a relatively simple
addition to the negotiation protocol, so that comparable results are produced.
The findings can be visualized using NAM [9];

The final evaluation whether the baseline or catallactic mechanism receives
better results has not been made yet. This result will be achievable in the last
project phase in spring 2003. For the time being, the CATNET simulator in
itself already allows investigation into allocation and messaging behavior in grid
application networks.

If CATNET is successful with regard to the Catallactic control mechanism,
allocation and scheduling questions in other decentralized network domains like
hospital logistics, factory logistics or adaptive supply chain management [7] could
also be targeted.

In our view, CATNET stands at the very beginning of research into Catal-
lactic Information Systems. Future research work can be divided into an agent
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technology layer and an application-specific layer. Both are linked in a feedback
loop. On one hand, the technology has to constantly (and imperfectly) model an
ever-changing state of the application world. On the other hand, technology’s
results and the behavior of its single elements directly influence the application
state by means of self-organization.

Future research will address the design of control institutions for large, open,

and heterogeneous agent societies. These institutions should influence the multi-
agent systems to enable them to emergently develop towards a state of desirable
global behavior where security, trust and welfare are provided to all participants.
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Abstract. This paper presents the approach being followed to imple-
ment scheduling components that are integrated as part of the EU Cross-
Grid project. The purpose of these components is to provide a basis for
supporting the efficient execution of distributed interactive applications
on Grid environments. When a user submits a job, the scheduling ser-
vices search for the most suitable resources to run the application and
take subsequent steps to ensure a reliable launching of the application.
All these actions are carried out according to user-defined preferences.

1 Introduction

The Grid is an abstraction of distributed heterogeneous systems that has gained
much attention in recent years, as shown by current initiatives such as the Gri-
Phyn, iVDT, GrADS, EU-DataGrid, GridLab or EU-CrossGrid projects. The
middleware infrastructure provided by these projects will greatly simplify the
process of application deployment on computational grids.

In particular, the main objective of the EU CrossGrid project is to take ad-
vantage of a collection of machines distributed across Europe, and that constitute
a Grid, by making it available to execute user applications. The applications that
will use this Grid are mainly parallel and interactive. Although the project will
initially benefit from EU Datagrid middleware [1], specific components are cur-
rently under development in order to target the concrete requirements of Cross-
Grid applications. Specifically, new resource-management services will be needed
to control the execution of user applications written in MPI in an automatic,
reliable and efficient way.

Datagrid has developed a whole resource management system that was orig-
inally targeted to sequential applications. It is based on the Condor ClassAd [2]
library for carrying out resource selection and, in the near future, it plans to
support MPI applications running on a single cluster. In the CrossGrid resource
management, we have adopted the same formalism used in Datagrid to describe

* This work has been partially supported by the European Union through the IST-
2001-32243 project “CrossGrid” and partially supported by the Comision Intermin-
isterial de Ciencia y Tecnologia (CICYT) under contract TIC2001-2592.
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jobs [3]. Additionally, our first prototype has been built on the current Datagrid
Resource Broker, in order to provide additional support for parallel applications.

There are a number of ongoing research efforts in Grid computing that are
considering task allocation problems. Nimrod-G [4] is a tool for the automated
modeling and execution of parameter sweep applications (parameter studies)
over global computational grids. The AppLeS project [5] has been developing
schedulers that were generally developed as prototypes to support research into
application-level scheduling algorithms for specific applications. However, these
schedulers were not general-purpose, to be used for any application. Recent ef-
forts in the GrADS project [6] try to generalize this approach by decoupling the
scheduler core that carries out the search procedure from the application-specific
and platform-specific components. The GrADS approach, however, requires a
performance model that is an analytical metric for predicting application exe-
cution times on a given set of resources.

Within this framework, this paper describes our resource-management ap-
proach designed for the CrossGrid project. The paper is organized as follows:
Section 2 describes the overall architecture of our resource management ser-
vices, Section 3 describes two of the main services and Section 4 contains the
final conclusions of this work.

2 General Architecture
of CrossGrid Resource Management

This section describes the global architecture of our scheduling approach. The
scenario that we are targeting consists of a user who has a parallel application
and wishes to execute it on grid resources. When users submit their application,
our scheduling services will be responsible for optimizing scheduling and node
allocation decisions on a user basis. Specifically, they will carry out three main
functions:

1. Select the “best” resources that a submitted job can use. This selection will
take into account the application requirements needed for its execution, as
well as certain ranking criteria used to sort the available resources in order
of preference.

2. Perform the necessary steps to guarantee the effective submission of the job
onto the selected resources. The application is allowed to run to completion.

3. Monitor job execution and report on job termination.

Figure 1 presents the main components that constitute the CrossGrid re-
source-management services. A user submits a job to a Scheduling Agent (SA)
through a web portal. The job is described by a JobAd (Job Advertisement)
using the EU-Datagrid Job Description Language (JDL) [3], which has been
conveniently extended with additional attributes to reflect the requirements of
interactive and parallel applications. The main attributes added are the follow-

ing:
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— JobType: Type of executable: this attribute differentiates between sequential
and MPI jobs. Two types of MPI jobs are supported: MPICH-P4, (MPI jobs
prepared to run only on a single cluster) or MPICH-G2 (MPI jobs prepared
to run over multiple sites).

— NumCPU: Number of CPUs required by the job (required for MPI applica-
tions).

— Priority: Value in the rank 0...20, describing the priority of the job (lower
values imply higher priorities; high-priority interactive jobs should have
value 0).

The SA selects candidate resources to run the application by sending the
Resource Searcher the JobAd containing all the requirements and preferences
that the job needs for its execution. The Resource Searcher returns a list with
all the combinations of suitable resources available for running the job.
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Fig. 1. Resource-Management Architecture.

Computing resources in the CrossGrid architecture are available as Comput-
ing Elements (CE), which provide the abstraction of a local farm of Working
Nodes (WN). This local farm (or CE) is accessed through a Gatekeeper. Thus,
the list of resources returned by the Resource Searcher consists of a Computing
Elements list, which may eventually be grouped into sets, if the submitted job is
an MPICH-G2 job and its requirements cannot be fulfilled by a single CE alone.
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Subsequently, the Scheduling Agent selects a CE or a group of CEs on which
to run the MPI job, according to the following criteria:

1. Groups of CEs with fewer numbers of different CEs will be selected first.
This criterion tends to run MPI on a single cluster, which will avoid large
message latencies between tasks allocated in different clusters.

2. If there is more than one group with the same number of CEs, the group
having best global rank will be selected first. Ranks are assigned to each
CE (or groups of CEs) according to certain performance metrics (e.g. overall
MFLOPS, main memory, etc.).

The SA passes the job and the first-selected CE (or group of CEs) to the
Application Launcher, who is responsible for the actual submission of the job on
the specified CE. Due to the dynamic nature of the Grid, the job submission may
fail on that particular CE. Therefore, the Scheduling Agent will try the other
CEs from the list returned by the Resource Searcher until the job submission
succeeds or fails. In the later case, the Scheduling Agent notifies the user of the
failure.

Each SA will keep permanent information about all user jobs and it will
ensure that all necessary resources are co-allocated before passing a parallel job
to Condor-G [7]. It will also be responsible for managing the available resources
in a way that guarantees that high priority jobs (i.e. interactive) are able to run
as soon as possible, while lower priority jobs are either temporarily vacated or
suspended for a latter resubmission.

Most CrossGrid applications are characterized by interaction with a person
in a processing loop. Therefore, an important role to be played by the Scheduling
Agent Management is that of taking responsibility for handling job priorities. In
our first prototype, priorities will be used to sort the list of pending jobs. In future
prototypes, we plan to include both pre-emption mechanisms and temporal-
pause mechanisms of low-priority jobs.

The above-mentioned services will be integrated in an overall architecture in
which multiple SAs and a single Resource Searcher will exist within a Virtual
Organization. SAs (and their Application Launcher and Condor-G counterpart)
control user applications on the users’ behalf, and there could be one SA-AL-
Condor-G set per user. The Resource Searcher informs SAs about the availability
of grid resources and only a limited number of these are required. Although our
current prototype still exhibits a centralized architecture in which SA and RS
are merged in a single entity, by providing a more decentralized set of Scheduling
Agents in future prototypes, we hope that EU-CrossGrid resource-management
services will avoid both the single point of failure and the performance bot-
tlenecks incurred in centralized solutions, and that they will therefore provide
higher reliability.

3 Resource Management Components

We now describe certain details on the main components introduced in the pre-
vious section, namely, the Resource Searcher and the Application Launcher.
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3.1 Resource Searcher

The main duty of the Resource Searcher is to perform the matchmaking between
job needs and available resources. The RS receives a job description as input,
and produces as output a list of possible resources in which to execute the
job. Resources are grouped into sets. Each set is a combination of Computing
Elements that provide the minimum amount of free resources, as specified by
the JobAd. As we said before, JobAds are described using the Job Description
Language (JDL) adopted in the EU-Datagrid project. This language is based on
the Condor ClassAd library [2].

The matchmaking process carried out by the Resource Searcher is also imple-
mented with the Condor ClassAd library. With this library, jobs and resources
are expressed as ClassAds; two of these match if each of the ClassAd attributes
evaluate to true in the context of the other ClassAd. Because the ClassAd lan-
guage and the ClassAd matchmaker were designed for selecting a single machine
on which to run a job, we have added several extensions to be applied when a
job requires multiple resources (i.e. multiple CEs, in CrossGrid terminology).

With these extensions, a successful match is defined as occurring between
a single ClassAd (the JobAd) and a ClassAd set (a group of CEs ClassAds).
Firstly, the JobAd is used to place constraints on the collective properties of
an entire group of CEs ClassAd (e.g., the total number of free CPUs has to be
greater than the minimum number of CPUs required by the job). Secondly, other
attributes of the JobAd are used to place constraints on the individual properties
of each CE ClassAd (e.g., the OS version of each CE has to be Linux 2.4).

The selection of resources is carried out according to the following steps:

1. First step: a list is obtained of single CEs that fulfill all job requirements
referring only to required individual characteristics. Currently, these are the
requirements that are specified in the Requirements section of the file de-
scribing the job using JDL. This step constitutes a pre-selection phase that
generates a reduced set of resources suitable for executing the job request in
terms of several characteristics such as processor architecture, OS, etc.

2. Second step: from the list mentioned above, groups of CEs are made to fulfill
collective requirements. For example, an attempt is made to fulfill the total
number of CPUs required by a job by “aggregating” individual CEs. In the
case of the number of CPUs required by the job, for instance, the Resource
Searcher aggregates CEs to guarantee that the total number of free CPUs
in the groups of CEs is larger than NumCPU, as described in the JobAd.

Figure 2 shows an example of the results obtained by the Resource Searcher
for a job that requires 5 CPUs and wishes to use resource with a better perfor-
mance in terms of the Average Spect Int benchmark (AverageSI in JDL).

Our current search procedure is not exhaustive, as it does not compute the
power set of all CEs. This means that, in an example such as the one shown
in 2a, for four suitable CEs CE1l, CE2, CE3 and CES5, only two solutions are
provided: CE2, CEl, CE3 CEl, CES5. Other possible solutions, such as CEl,
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CE2=aocegrid.uab.es
FreeCPUs = 10
Disk= 100
AverageSI = 4000

CEl=zeus.cyf-kr.edu.pl
FreeCPUs =3
g Disk = 100

| AverageSI = 2000

CE3=beel01.ific.uv.es

FreeCPUs = 3
Disk = 100
AverageSI = 1000
CES=Ingrid02.lip.pt
FreeCPUs =3
Disk = 100 —
AverageST = 1000 CE4=xgridicm.edupl | DMPI cnabled CE
&1

FreeCPUs =6
Disk = 100
AverageSI = 1000

E Non-MPI enabled CE

Fig. 2. Example of MPI application submission over CrossGrid sites and the result
obtained by the Resource Selector.

CE3,CES, are not considered because one subset of the CEs has already been
included in a previous group.

In principle, this characteristic should not prevent our Resource Searcher
from obtaining good selections. CEs are sorted according to a Rank expression
provided by the user in the JobAd. According to the Rank expression (e.g., Av-
erage Spec Int benchmark in our example, as an indication of the computational
power), the Resource Searcher sorts the suitable CEs in descending order. This
means that the most desirable CEs or groups of CEs will be first. It is worth
noting that selection of multiple resources has also been applied in [8]. In con-
trast to our approach, only the best resource or group of resources is selected.
In our work, several choices are generated so that the final decision relies on



The EU-CrossGrid Approach for Grid Application Scheduling 23

the Scheduling Agent, which is able to try alternatives in the case of failing to
actually submit the job in a given group of CEs.

The Resource Searcher currently supports information collection from the
Globus Metacomputing Directory Service (MDS). It is also planned to add sup-
port for other resource-information systems, such as R-GMA, from the EU-
DataGrid project, which will be also used to collect information obtained by
different monitoring tools currently under development in the CrossGrid project.

3.2 Application Launcher

This service is responsible for providing a reliable submission service of parallel
applications on the Grid. It spawns the job on the given machines using Condor-
G [7] job management mechanisms. Currently, two different launchers are used
for MPI applications.

The first one is used for MPI jobs compiled with the ch_p4 device. The
launcher prepares a script that is sent to the remote cluster and is responsible for
executing the job by issuing an mpirun command with the suitable arguments.
The script also carries out transfers of input and output files and sets up all the
necessary configuration files and directories in the remote cluster.

The second launcher is used for grid-enabled MPI jobs (namely, MPI applica-
tions compiled with the mpich-g2 device). This launcher coordinates the start-up
of all MPI tasks in each remote cluster. The launcher takes advantage also of the
services provided by the Condor-G system, which is a grid resource manager that
provides an API and command line tools that allow the user to perform basic
job submission and to obtain access to information about the execution of the
job, providing a complete history of their jobs’ execution. Condor-G has been
designed primarily as a reliable front-end to a computational grid. Our MPICH-
G2 launcher together with Condor-G guarantees error recovery and exactly-once
execution semantics for MPICH-G2 jobs and constitutes a reliable submission
service that substitutes the submission services provided by the Globus toolkit.

4 Conclusions

We have described the approach that is currently been followed in the EU-
CrossGrid in order to provide automatic and reliable support of MPI job manage-
ment over grid environments. The main components of our job management ser-
vices are a Scheduling Agent, a Resource Searcher and an Application Launcher.

The Scheduling Agent is the central element that keeps the queue of jobs
submitted by the user and carries out subsequent actions to effectively run the
application on the suitable resources.

The Resource Searcher has the responsibility of providing groups of machines
for any MPI job with both of the following qualities: (1) desirable individual
machine characteristics, and (2) desirable characteristics as an aggregate. It is
based on JobAds as a basic mechanism to represent both jobs and resources,
and has been implemented by extending the Condor ClassAd library.
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Finally, the Application Launcher is the module that, in the final stage, is
responsible for ensuring a reliable starting of the application on the resources
decided by the Scheduling Agent.

Our initial prototype has been built on an EU-DataGrid Resource Broker,
which implies that it exhibits a highly centralized architecture. However, work is
also in progress to provide an architecture in which multiple SA could connect to
a common RS. Additionally, co-operation mechanisms will be also investigated
at the level of Resource Searchers, so that queries to one RS could be forwarded
to other RSs if insufficient resources were found by the original RS. This research
also includes development of mechanisms that prevent potential deadlocks during
the actual scheduling and submission of MPI applications over grid resources.
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Abstract. In this paper, we analyze the problem of grid resource broker-
ing in the presence of economic information about the price of resources.
We examine in detail the main tasks that a resource broker has to carry
out in this particular context, like resource discovery and selection, job
scheduling, job monitoring and migration, etc. Then, we propose an ex-
tension of the grid resource information service schema to deal with this
kind of economic information, and we evaluate different optimization
criteria for job scheduling and migration, combining both performance
and economic information. The experimental application benchmark has
been taken from the finance field, in particular a Monte Carlo simulation
for pricing European financial options.

1 Introduction

Computational Grids are emerging as a new computing paradigm for solving
grand challenge applications in science, engineering, and economics [1]. Grid de-
velopment involves the efficient management of heterogeneous, geographically
distributed, and dynamically available resources. In this environment, the re-
source broker (or scheduler) becomes one of the most critical components of the
grid middleware. Following, we analyze in detail the main tasks that the resource
broker has to carry out [2], and the most common approaches to perform these
tasks, specially in case of the presence of economic information.

Resource Discovery and Selection. The first task of the scheduler is resource
discovery. The main goal is to identify a list of authorized hosts that are available
to a given user. Most resource discovery algorithms interact with some kind of
grid information service (GIS), like MDS (Monitoring and Discovery Service) in
Globus [3]. Once the list of possible target hosts is known, the second phase of
the broker is selecting those resources that are expected to meet the time or cost
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constraints imposed by the user. In order to fulfill the user time restrictions the
resource broker has to gather dynamic information about resource accessibility,
system workload, network performance, etc. Moreover, if we contemplate an eco-
nomic environment, the broker has to gather additional information about the
price of the resources. Some environments like GRACE (Grid Architecture for
Computational Economy) [4] provides a suite of trading protocols which enables
resource consumers and providers to negotiate the cost of resources according to
different criteria.

Job Scheduling. The next stage of resource brokering is job scheduling, i.e.,
the mapping of pending jobs to specific physical resources, trying to maximize
some optimization criterion specified by the user. Most of the grid systems in
the literature use performance-guided schedulers, since they try to find a job-
to-resource mapping that minimizes the overall execution time (i.e. optimizes
performance) [5] [6]. On the other hand, economy-guided schedulers include the
cost of resources as optimization criterion [7] [8]. For example the Nimrod/G
broker [7] allows users to specify a budget constraint (cost of resources), a dead-
line constraint (execution time), or both, and it incorporates different scheduling
algorithms for cost optimization, and/or time optimization.

Job Migration. A grid is inherently a dynamic system where environmental
conditions are subjected to unpredictable changes. In such a context, job migra-
tion is the only efficient way to guarantee that the submitted jobs are completed
and the user restrictions are met. Most of the systems dealing with job migra-
tion face up to the problem from the point of view of performance [6] [9]. The
main migration policies considered in these systems include, among others, per-
formance slowdown, target system failure, job cancellation, detection of a better
resource, etc. However, there are hardly a few works that manage job migration
under economic conditions [8]. In this context, new job migration policies must
be contemplated, like the discovery of a new cheaper resource, or variations in
the resource prices during the job execution.

2 Resource Brokering
in a Dynamic Economic Environment

In this work we investigate the influence of economic factors over dynamic re-
source brokering, in the context of the GridWay project [6]. We propose an ex-
tension of the MDS information service schema [3] in order to deal with economic
information. Then, we evaluate different optimization criteria for job scheduling
and migration, which combine both performance and cost information.

2.1 The GridWay Framework

The GridWay framework is a Globus compatible environment, which simplifies
the user interfacing with the Grid, and provides the mechanisms for efficient
execution of jobs on the Grid with dynamic adaptation to changing conditions.
From the user point of view, the GridWay framework consists of two main com-
ponents:
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Command-Line User Interface. This interface significantly simplifies the
user operation on the Grid by providing several user-friendly commands for sub-
mitting jobs to the Grid (“gwsubmit”) along with their respective configuration
files (job templates), stopping/resuming, killing or re-scheduling jobs (“gwkill”),
and monitoring the state and the history of the jobs (“gwps” and “gwhistory”).
For a given job, the template file must include the name of the executable file,
its arguments, the name of the input and output files, the name of the restart
files for checkpointing purposes in case of migration, and a per-job optimization
criterion, which have to be maximized whenever is possible, when the job is
scheduled on the Grid.

Personal Resource Broker. Each user interacts with its own personal re-
source broker, called Submission Agent. It is responsible for resource discover-
ing, scheduling and submitting the user jobs, monitoring job performance, and
migrating jobs when it is required. The scheduling policy is based on a greedy
approach, so that the scheduler tries to maximize the optimization criterion spec-
ified by the user for each individual job, without considering the rest of pending,
rescheduled or submitted applications. The migration of a job can be initiated
by several events: (a) A rescheduling request sent by the user; (b) A failure in
the target host; (¢) A new better resource is discovered, which maximizes the
optimization criterion selected for that job.

2.2 Extension of the MDS Schema and New Information Providers

To adapt the GridWay framework for dealing with economic information, it
is necessary to extend the Globus MDS schema and design new information
providers, which supply this kind of information to the Grid Resource Informa-
tion Service (GRIS).

The extension of the MDS schema is achieved by adding to the LDAP di-
rectory a new structural object class called MdsEconomicInfo, and a new auxil-
iary object class called MdsCpuPrice. The attribute Mds-Cpu-Price-Per-Second
of this object class contains the CPU price information generated by the re-
source provider, which uses an abstract monetary unit, called Grid Currency
Unit (g.c.u.). In addition to these new object class and attributes, we have de-
fined new auxiliary objects to manage the cost of other physical resources, like
the cost of the memory space and disk space used by the program, or the cost
of the network bandwidth consumed by the program. However, these elements
are reserved for a future use, and they are not considered in this work.

The information provider for supplying the economic data is based on a
simple implementation, since it reads the information about the cost of resources
(CPU, memory, disk or network) from a file stored in each target host. In a future
work, we plan to integrate the GridWay broker with the GRACE economic
information providers [4] and GridBank [10], which include a suite of trading
protocols for resource cost negotiation between resource consumers and resource
providers.



28 R. Moreno and A.B. Alonso-Conde

3 Experimental Environment

3.1 The Benchmark: A Financial Application

The experimental benchmark used in this work is based on a financial applica-
tion [11] [12] in particular, a Monte Carlo (MC) simulation for pricing European
Call options. We briefly describe this problem.

Using the assumption of no arbitrage, the price of a derivate security can be
computed as the expected value of its discounted payouts, where the expectation
is taken with respect to the risk-neutral measure. In the particular case of a
European call option, its price is the expected value of the payoff:

E{e " ™*maz(S(t + At) — X(t),0)} (1)

where t is the current time, r is the risk-free rate of interest, X (¢) is the exercise
price, At is the holding period, and S(t + At) is the stock price at time ¢ + At.

Although Black and Scholes [13] provide an exact analytic method for pric-
ing European options, numerical solutions are also very attractive, since they
provide a general framework for solving this kind of problems, yet when an ana-
lytic model cannot be obtained. In particular, MC simulation exhibits significant
advantages relative to other numerical models: it is a flexible technique, easy to
implement, and inherently parallel, since random samples can be generated and
evaluated independently. Furthermore, the error convergence rate in MC simula-
tion is independent of the dimension of the problem, since the standard deviation
of the MC estimation decreases at the order O(1/v/N), where N is the number
of simulations.

The MC approach for pricing options is based on simulating the changes in
the values of the stock over the time horizon. The evolution of the asset, S(t),
can be modelled as a random walk following a Geometric Brownian Motion:

dS(t) = puS(t)dt + oS(t)dW (t) 2)

where dW (¢) is a Wiener process, u the instantaneous drift, and o the volatility
of the asset.

Assuming a lognormal distribution, using the It’s Lemma, and integrating the
previous expression over a finite time interval, dt, we can reach an approximated
solution for estimating the price evolution of S(t):

S(t + 8t) = S(t)elk—o"/Mst+anV5t 3)

where 71 is a standard normal random variable.

To simulate an individual price path for a given holding period At, using a
m-step simulation path, it is necessary to evaluate the price of the asset at each
time interval: S(t+6t), S(t+26t),..., S(t+ At)=S(t+mdt), i = 1,2,...,n, where
0t is the basic simulation time-step, i.e. 6t = At/m.

To generate random numbers, we rely on the Scalable Parallel Random Num-
ber Generators (SPRNG) library, developed at the Florida State University [14].
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This library includes different parallel random number generators, which can be
used to develop a parameterized version of our Monte Carlo simulation algo-
rithm. In our simulations, we have used the additive Fibonacci random number
generator.

In particular, our experiment computes the expected price of a European Call
Option over one year time horizon (At = 1), using a simulation time interval of
one week (§t = 1/52), i.e., each simulation path is computed by a sequence of
52 time steps. The number of independent paths simulated is N=4 millions. The
estimated price of the Call Option is given by the average value of the payoff
computed for the 4 million simulations.

3.2 Results

In this section we investigate how the scheduling and migration decisions taken
by the GridWay resource broker can change according to the optimization crite-
rion specified by the user for a given job, and how these different decisions can
affect to the overall execution time of the job, and the total CPU price.

Our Grid testbed consists of three Sun Workstations with Solaris 8, whose
main characteristics are summarized in Table 1.

Table 1. Characteristics of the machines in the research testbed.

host Model Speed Memory Perform.(peak)
sunblade Sun Blade 100 500MHz 256MB 1000 MFLOPS
ultral  Sun Ultra 1 167TMHz 128MB 334 MFLOPS

sun250 Sun Enterprise 250 296 MHz 256MB 600 MFLOPS

In the subsequent experiments, we assume that the cost of different resources
exhibits the following behavior (see Figure 1): When the program execution
starts, all the three hosts on the grid charge the same CPU price per second (12
g.c.u.). Around two minutes later, the sun250 and ultral hosts reduce the CPU
price to 6 g.c.u., and 5 g.c.u. per second respectively.

sunblade

sun250

ultral

[] 100 200 300 400 00

Tima (s}

Fig. 1. Dynamic changes in the CPU prices of the testbed hosts.
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Next, we analyze the different schedules generated by the resource broker
under three different optimization criteria specified by the user:

Criterion #1: Performance * CPU-Free(%). This optimization criterion
tries to minimize the overall execution time of the application. If the user estab-
lishes this criterion for the job, and assuming that all the machines are idle, the
resource broker allocates the job to the host with highest performance, i.e., the
sunblade host. Since changes in CPU prices have no effect on performance, the
scheduler does not trigger any migration and the program is executed entirely
on the initial host. Table 2 (#1) shows the time and the price of this schedule.
Notice that the overall elapsed time includes de user and system CPU times, the
I/0 time, and also the overheads due to the transmission of the executable file,
and the input and ouput files.

Criterion #2: 1 / CPU-Price-per-Second. This optimization criterion tries
to minimize the total amount that the user pays for the CPU usage. To compute
this amount only the user CPU time expended by the job is considered. Other
times, like the system CPU time, the I/O time, or the CPU time expended
by other processes are not considered. Using this optimization criterion, the re-
source broker will submit the job to the cheapest resource on the Grid. If two
hosts are the same price, the broker selects that with maximum performance.
Under this optimization criterion, the program execution starts on the sunblade
host, which exhibits the highest performance at the same price. Two minutes
later, when sun250 and ultral CPU prices change, the resource broker migrates
the job to the new cheapest host, i.e., the ultral host. Table 2 (#2) displays the
results for this schedule. As we can observe, this optimization criterion improves
neither the price nor the time with respect to the first schedule. This is due
to the low performance of the ultral host, which takes a long time to execute
the program. Consequently, the total accumulated CPU price is higher than the
previous case, despite the lower price per second of the ultral host.

Criterion #3: Performance / CPU-Price-per-Second. To avoid worthless
migrations, we consider this third optimization criterion, which tries to minimize
the performance to CPU price ratio. If the user specifies this criterion for the
job, the program execution starts on the sunblade host, which exhibits the best
trade-off between performance and price (see Table 3). When sun250 and ultrai
prices change, the resource broker migrates the job to the sun250 host, which
maximizes now the optimization criterion (see Table 3). The results displayed in
Table 2 (#3) show that this schedule gets an 8.2% reduction in the total CPU
price with respect to the criterion #1, against a 32.4% increment in the overall
elapsed time.

Figure 2 compares graphically the accumulated price and the overall elapsed
time of the three schedules.
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Table 2. Results for different schedules.

Criterion CPU time (s) Total Price (g.c.u.) Elapsed time (s)
#1 Perf. * CPU-Free(%) 218.6 2,623.6 271.2
#2 1/CPU-price 103.2 + 348.6 2,981.7 553.3
#3 Perf./CPU-price 103.2 + 195.1 2,409.4 359.2

Table 3. Performance to CPU-price-per-second ratio for the testbed hosts.

Host = CPU-Price (Perf./CPU-price) CPU-Price (Perf./CPU-price)

sunblade 12 g.c.u. 83.3 12 g.c.u. 83.3
sun250 12 g.c.u. 50.0 6 g.c.u. 100.0
ultral 12 g.c.u. 27.8 5 g.c.u. 66.8
3000 —
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Fig. 2. Comparison of the schedules with different optimization criteria.

4 Conclusions and Future Work

This paper is focused on the problem of dynamic resource brokering in the
presence of economic information. An extension of the MDS information service
schema, in the context of the GridWay project has been proposed, in order to
deal with this new kind of information. We have evaluated several optimization
criteria for job scheduling and migration, and we conclude that, in order to
reduce the overall CPU cost, it is important to use optimization criteria based
on both performance and CPU price measures.

In a future work, we plan to incorporate to the brokering model the cost of
other physical resources, like the cost of the memory and disk space used by the
program, the cost of the network bandwidth consumed, etc. Other improvements
contemplated include the evaluation of alternative optimization criteria, the de-
velopment of new information providers, and the integration with the GRACE
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and GridBank environments, which supply a complete suite of economic infor-
mation providers and trading protocols.
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Abstract. We briefly describe the authorization requirements, focusing
on the framework of the DataGrid and DataTAG Projects and illus-
trate the architecture of a new service we have developed, the Virtual
Organization Membership Service (VOMS), to manage authorization in-
formation in Virtual Organization scope.

1 Introduction

Authorization plays a key role in the process of gaining access to resources in a
computational grid [1].

As for authentication, it is not feasible to administer authorization informa-
tion on a local site basis, since users have normally direct administrative deals
only with their own local site and with the collaborations they work in, but not,
generally, with other entities.

It is convenient to introduce the following concepts:

— Virtual Organization (VO): abstract entity grouping Users, Institutions
and Resources (if any) in a same administrative domain [2];

— Resource Provider (RP): facility offering resources (e.g. CPU, network,
storage) to other parties (e.g. VO’s), according to specific “Memorandum of
Understanding”.

From the authorization point of view, a grid is established by enforcing agree-
ments between RP’s and VO’s, where, in general, resource access is controlled
by both parties with different roles, and indeed the main difficulty is to clearly
separate these two roles. To solve this apparent dualism, we can classify the
authorization information into two categories:

1. general information regarding the relationship of the user with his VO:
groups he belongs to, roles he is allowed to cover and capabilities he should
present to RP’s for special processing needs;

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 33—40, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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2. information regarding what the user is allowed to do at a RP, owing to his
membership of a particular VO.

We think that the first kind of information should be contained in a server
managed by the VO itself, while the second is probably best kept at the local
sites, near the resources involved and controlled by some kind of (extended)
Access Control Lists (ACL).

In this note we briefly describe the authorization requirements, focusing on
the framework of the DataGrid and DataTAG Projects [3—5], and illustrate the
architecture of a new service we have developed, the Virtual Organization Mem-
bership Service (VOMS), to manage authorization information in VO scope.

The VOMS architecture uses the authentication and delegation mechanisms
provided by the Globus Toolkit Grid Security Infrastructure (GSI) [6,7].

1.1 Authorization Requirements

Authorization, as stated before, is based on policies written by VO’s and their
agreements with RP’s, that enforce local authorization. In general a user may
be member of any number of VO’s and his membership must be considered as
a “reserved” information.

On the other hand, a VO can have a complex structure with groups and
subgroups in order to clearly divide its users according to their tasks. Moreover,
a user can be a member of any number of these groups.

A user, both at VO and group level, may be characterized by any number
of roles and capabilities; moreover roles and capabilities may be granted to the
user indefinitely or on a scheduled time basis (e.g. a certain user of the CMS
collaboration is granted administrative role only when he is “on shift”) or on a
periodic basis (e.g. normal users have access to resources only during working
hours).

The enforcement of these VO-managed policy attributes (group member-
ships, roles, capabilities) at local level descends from the agreements between the
VO and the RP’s, which, however, can always override the permissions granted
by VO (e.g. to ban unwanted users). As a consequence, users must present their
credential to RP’s (and not just the authorization info).

1.2 VO Structure

Users of a VO are organized in groups which in general form a hierarchical
structure with the VO itself as the root; the management of a group can be
delegated. Excluding the root, each group may have, in general, several ancestors;
note that we cannot have cycles in this structure (i.e. a group which is subgroup
of itselfl'). Thus we can represent the VO structure with a Direct Acyclic Graph
(DAG) .

' The groups are the vertices of the graph and the subgroup-group relationships are
the oriented edges.
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Users are normally contained in subgroups: for a user being member of a
particular group G implies that he is also contained in all ancestor groups, even
if it not explicitly stated, up to the root (i.e. in all groups contained in the paths
from G to the root).

Users are also characterized by roles they can cover in a group or at VO level
(but in our model the VO is functionally equivalent to a group) and capabilities
(properties to be interpreted by the local sites, e.g. ACL’s). Roles are inherited
by group members from ancestor groups (i.e. if a user as a role in a group and if
he is member of one of its subgroups, he covers the same role in the subgroup),
while the opposite is not generally true. The same inheritance rule applies for
capabilities.

In conclusion, within this model, ifa user U is member of the groups {G1, ...,
Gy}, noting with the triplet (Gg, R, Ck) the membership, roles and capabilities
of U relatively to the group Gy, the complete authorization information about
U is formed from the set (Gi, R1, Ci), ..., (Gn, Ry, Cy).

1.3 Authorization Status in EDG

The Authentication and Authorization methods adopted by the EDG are based
on the Globus Toolkit’s Grid Security Infrastructure (GSI) [7].

In EDG, as originally in Globus, to access the Grid, the user first creates a
proxy certificate (via grid-proxy-init procedure) that is then sent to the requested
resources in order to access them.

In EDG Test-bed 1 each VO maintains information about its users in a LDAP
server; each user is member of some groups of the VO. Note that, in the current
implementation, subgroups, roles and capabilities are not supported; hence a
differentiation among users is only manageable at the local sites. The RP’s,
periodically (e.g. daily) querying the LDAP servers, generate a list of VO users
(in case banning unwanted entries or allowing non-VO users) and map them to
local credentials (the so-called “grid-mapfile””) granting users the Authorization
to access local resources.

In EDG, the front-end of the farm (the Gatekeeper) has been modified and
access these Authorization data via the Local Credential Authorization Service
(LCAS) [10].

The main missing features of this architecture are flexibility and scalability.
No roles, subgroups memberships and any other user peculiarity are supported.
Moreover, the use of a RP-based database (i.e. the grid-mapfile), periodically
updated, hardly scales in a production environment with a large number of
users, each, potentially, with his groups, roles and capabilities, whereas in the
test-bed the users situation is almost static, and user policy is very simple.

The solution, in our opinion, is to let users present the authorization data as
they try to access the local resources (i.e. shifting from pull to push model); on
the other hand we suspect that LDAP protocol is not the best choice to sustain
the burden of a potentially high number of complex queries. To address these
issues, we have developed, on a completely new basis, the VOMS system.
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2 The VOMS System

The server is essentially a front-end to an RDBMS, where all the information
about users is kept.
The VOMS System is composed by the following parts:

— User Server: receives requests from a client and returns information about
the user.

User Client: contacts the server presenting a user’s certificate and obtains
a list of groups, roles and capabilities of the user.

Administration Client: used by the VO administrators (adding users,
creating new groups, changing roles, etc...)

Administration Server: accepts the requests from the clients and updates

Authentication

Request

Query

Fig. 1. The VOMS system

2.1 User Operations

One strong requirement we faced with, was to disrupt as little as possible —
from the user’s standpoint — the creation of the user proxy certificate [14]. To
achieve this we have added a command ( vons—pr oxy—i ni t) to be used in place
of gri d- proxy-init. This new command produces a user’s proxy certificate —
like gri d- proxy-init — but with the difference that it contains the user info
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from the VOMS server(s). This info is returned in a structure containing also
the credentials both of the user and of the VOMS server and the time validity.
All these data are signed by the VOMS server itself. We call this structure a
“Pseudo-Certificate” (in the next release it will become an Attribute Certificate
[8,9]).

The user may contact as many VOMS’s as he needs.

In order to use the authorization information, the Gatekeeper, in addition to
normal certificate checking, has to extract the additional information embedded
in the proxy (the Pseudo-Certificate). This can be easily done with an appro-
priate LCAS plug-in [10]. However, as the VOMS info are included in a non
critical extension of the certificate, this can be used even by “VOMS-unaware”
Gatekeepers, thus maintaining compatibility with previous releases.

ca
capabilities

groups  § aid .'.%
i - cname
cvalue

TG R

groupname |

Fig. 2. The VO structure

2.2 Administration

The administrative clients (GUI and CLI) share a common server to modify
the database. The server can be reached by the SOAP protocol, so that it can
be easily converted into an OGSA service. The server consists in three sets of
routines, grouped into services: the Core, which provides the basic functionality
for the clients; the Admin, which provides the methods to administrate the
VOMS database; the History, which provides the logging and accountability
functionality.

All tables in the database have a cr eat edBy and a cr eat edSeri al colums.
The former contains the id of the requester of the operation that created this



38 R. Alfieri et al.

record. The latter contains a database-wide unique, ordered serial number —
incremented for each modification on the database — that identifies the operation
(it is a transaction id).

Copies of deleted and modified rows are kept in a corresponding archive
table. Archive tables have the same scheme as data tables, except for two ad-
ditional columns: del et edBy, the administrator who deleted the record, and
del et edSeri al , the transaction number of the operation.

By keeping all expired data in the database, we can conveniently, efficiently
and accurately answer such questions as “Was user U in group G at time T?”

2.3 Security Considerations

The VOMS server does not add any security issues at user level since it performs
the usual GSI security controls on the user’s certificate before granting rights: it
must be signed by a “trusted” CA, be valid and not revoked.

On the other hand, even compromising the VOMS server itself would be not
enough to grant illegal access to resources since the authorization data must
be inserted in a user proxy certificate (i.e. countersigned by the user himself).
Hence the only possible large scale vulnerabilities are denial of service attacks
(e.g. to prevent VO users to get their authorization credentials).

The main security issue about proxy certificates is the lack of a revocation
mechanism; on the other hand these certificates have short lifetimes (12 hours,

typically).

3 Related Works

In this paragraph, we will briefly compare the VOMS system with some analo-
gous systems, namely the “Privilege and Role Management Infrastructure Stan-
dards Validation” (Permis), Akenti and the “Community Authorization Server”
(CAS).

3.1 VOMS vs. PERMIS

PERMIS[11], implementing an RBAC (Role Based Access Control) mechanism,
has been considered as an alternative to VOMS.

PERMIS has two modes of operation, push and pull. With push, the user
sends his attribute certificates to PERMIS; with pull, PERMIS can be config-
ured with any number of LDAP repositories, and it will search all of them for
attributes of the user.

This second approach is clearly neither VOMS-oriented nor scalable.

Moreover VOMS, distributing the AC’s to the users themselves, allows a
much greater flexibility. For example, with VOMS a user who is a member of
several groups and holds several roles can actually choose how much information
about himself he may want to present to a site. It is also possible to obtain and
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present at the same time information on more VO’s, a useful characteristic in
case of collaborations between VO’s.

The second major difference is the policy engine, where Permis is really
powerful, because it can take a properly formatted policy file and make decisions
based on the content of the file and the AC’s it receives. On the contrary, VOMS
does not focus on this problem, and it leave the interpretation of the AC’s to
other components (i.e. to local sites, namely to LCAS).

In conclusion VOMS and Permis are complementary: VOMS as a AC issuer,
and Permis (slightly modified in its AC gathering) as an policy engine.

3.2 VOMS vs. CAS

CAS[12] has been developed by the Globus team to solve the same problem
tackled by VOMS in EDG.

In our opinion, there are two major differences between CAS and VOMS.

The first is that CAS does not issue AC’s, but whole new proxy certificates
with the CAS server Distinguish Name as the subject; the authorization infor-
mation is included in an extension.

As a consequence, when a service receives this certificate, it cannot effectively
decide who the owner is without inspecting the extension. This means that
existing services, in Globus-based grids, would need to be modified to use a
CAS certificate; on the contrary using VOMS, since it adds the AC’s in a non-
critical extension of a standard proxy certificate, does not require this kind of
modification to the services.

The second major difference is in the fact that CAS does not record groups
or roles, but only permissions. This means that the ultimate decision about what
happens in a farm is removed from the farm administrator and put in the hands
ofthe CAS administrator, thus breaking one of the fundamental rules of the grid:
the farm administrator has total control about what happens on his machines.

3.3 VOMS vs. Akenti

Akenti[13] is an AC-based authorization system.

In our opinion, there are three major differences between Akenti and VOMS.

The first is that Akenti does not use true AC’s since their definition and
description do not conform the standard”.

The second is that Akenti is targeted on authorizing accesses on web re-
sources, and particularly web-sites. This means that it is completely unfeasible
to use it for other needs, for example in a VO.

The third is that Akenti does not link identities with groups or roles, but with
permissions. This is done on the resource side, not removing the control from
the resource itself, like CAS does; on the other hand, not having an intermediary
like VOMS (or even CAS) will surely lead to fragmentation and inconsistencies
between the permissions.

? At present nor VOMS uses standard AC’s, but this will be changed in the next
(production) release.
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Future Developments

Future developments will include use of Attribute Certificates, replica mecha-
nisms for the RDBMS, more sophisticate time validity for the VOMS certificates

and subgroups.
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Abstract. Grids are gaining more importance in this era of Internet
technology to maximize the use of resources such as hardware and soft-
ware infrastructure. The grid provides a platform to share information
across the Net. Any application on the grid should be able to share avail-
able resources concurrently. In this paper, we present a grid framework
for an optimistic resource sharing, which consists of different elements
such as authentication, sharing, coordination and synchronization of re-
sources. We discuss issues related to the resource sharing problem and
propose a solution to it using reflective computation. Different classes of
grid applications are also presented and some scenarios are used to elabo-
rate each of them focusing on underlying issues related to the framework.

1 Introduction

The success of the Web for information sharing has promoted the idea of the
Grid for computation [2]. In the last few years, a lot of time and resources have
been spent for the exploration, classification and development of grid applica-
tions. Grids typically consist of a number of machines connected with each other
through network infrastructure. Hardware, software, communication channels
and security measures are its building blocks. The grids are used in concurrent
and distributed computing, on-demand computing, data intensive computing
and collaborative computing [1]. They support a wide range of users including
grid developers, tool developers, application developers, system administrator
and end users. An end user in grid environment should be able not only to in-
voke multiple existing systems and hardware devices but also to coordinate their
interactions.

In this paper, we present a grid framework for an optimistic resource sharing,
which consists of four elements such as authentication, sharing, coordination and
synchronization of resources. We discuss issues related to the resource sharing
problem and proposed a solution to it using reflective computation [5]. Benefits
of the reflective system are highlighted in the concurrent object programming
domains such as dynamic decision type system, message passing system, and
simulation system [10]. In resource sharing, it can benefit areas such as moni-
toring the behavior of concurrently running objects, or distributed simulation.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 41-48, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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The rest of this paper is structured as follows. Section 2 presents grid proper-
ties and proposes a framework. Section 3 describes the reflective computational
system. Section 4 presents different scenarios of grid applications. Finally, section
5 presents our conclusions. This section also outlines our future work.

2 Grid Framework

Computational grids evolve around sharing of networks, computers, and other
resources. They provide support for services, which are distributed over multiple
networked computers known as clusters. The proposed framework (see Figure
1) consists of elements such as authentication, sharing, coordination and syn-
chronization. These elements reside on top of an Internet application. In order
to propose a suitable framework, we need to understand the grid properties [6],
which are as follows:

e Grids are large both in terms of the number of potentially available re-
sources, and the geographical distances between them.

e Grids are distributed, that is the latencies involved in moving data between
resources are substantial and may dominate applications.

e Grids are dynamic, that is the available resources change on the same time
scale as the lifespan of a typical application.

e Grids are heterogeneous, that is the form and properties of sites differ in
significant ways.

e Grids cross the boundaries of human organizations, so that policies
for access to and use of resources differ at different sites.

2.1 Authentication

Authentication is a process of establishing the identity of the user. This will
then establish the right of the user to share and use available resources on the
grid. There is also a need to consider the integration with various local security
constraints [2]. Once the user becomes a member of the grid environment, he
or she can access all available resources for which he or she is authorized. The
authorization protocol determines whether a user or a machine has the right to
carry out a certain activity. There are three essential elements of information
security: confidentiality, integrity and availability. For instance, if a user wants
to access a certain object to perform action on it, he or she must be mapped in
the local environment by means of his or her authorization, confidentiality, and
integrity rights.

2.2 Sharing

Sharing involves accessing authorized resources. These resources include hard-
ware such as RAM, disk space, communication channels and software such as
programs, files and data. All machines on the Internet can share these resources
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in order to carry out their activities given that authentication and authoriza-
tion have been granted. There is also a need to monitor available resources at
any time. To do so, all the machines in grid environment need to register their
available resources, which are then maintained and updated dynamically during

computation.

Synchronisation

Authentication

Grid Computational
Architecture

B

Internet

Fig. 1. A Framework of Grid

2.3 Coordination and Synchronization

Coordination manages dependencies between activities [8]. Interdependency is
viewed as a temporal relationship between activities. For instance, a program
which needs to run on multiple machines due to lack of resources on its own
machine must be divided into independent sub-programs. These sub-programs
need to be coordinated and synchronized to complete the task. Lets consider two
cases of sub-programs running in parallel. The first case consists of three sub-
programs with two available resources, while any two of the three sub-programs
are executed until completion. The third one will have to wait until one of the
two sub-programs releases its resources. The second case is where the third sub-
program depends on the completion of first two sub-programs, i.e. the results of
the two sub-programs enable the execution of the third one. Any delay in the
completion of either of the program will effect the execution of the third one.

3 A Reflective Computational System

This section introduces a reflective computational system, which is a potential
implementation solution for grid applications.

Computational systems based on a reflective architecture have the ability to
change and control part or all of the system during execution. Computational
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Fig. 2. Reflective Architecture

reflection is the process of reasoning about and acting upon the computational
system itself [S]. Such a system must therefore contain some data, which repre-
sents the structural and computational aspects of that system. These data are
modelled as meta-objects. In addition, there must be a causal connection link
between this self-representation at the meta-level and the actual computation
being performed at the base-level. As a result, any changes at the meta-level will
be reflected at the base-level. The reflective architecture for the proposed grid
framework is shown in Figure 2. The components of the framework which are
authentication, sharing, coordination and synchronisation reside at the meta-
level. In this architecture, each object involves in an application has its own
meta-object which models both the structural and behavioral aspects of that
object. Meta-object of each component reflects the computation of the base-
level objects. These are shown by the causal connection link between objects at
the base-level and the meta-level.

For applications which require sharing of resources there exist a controller at
the meta-level that acts as a manager to maintain the available shared resources.
During computation the manager constantly monitors the consumption of each
resources, when it detects that a particular resource is available, the manager
gives this message to objects at the base-level. Coordination and synchronization
also exist between base-level objects and meta-level objects. This shows that the
behaviour of an object in a system can be monitored from outside through its
meta-objects. As a result, the representation of the base-level methods may be
changed dynamically during computation.

4 Grid Applications

In this section, we present different scenarios of grid applications such as resource
sharing, scheduling and simulation. Each of them differs in the number and type
of participants, the types of activities, the duration and scale of the interaction,
and the resources being shared.
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Scenario 1: A computer linked to the Net needs to complete a task but faces
difficulties due to its RAM limitation. Any idle computers on the Net should be
integrated to complete this task.

A machine should be able to decide on how much of its resources such as
function, operation, and data can be shared with other machines. At the user
level, a table of available resources is created. This table acts as a reference,
which is maintained and updated dynamically during computation. Figure 3 il-
lustrates this scenario. If machine M1 is sharing a resource with machine M2,
there is a possibility at a later stage that M2 does not give the authority to
access its resources due to lack of resources.

Scenario 2: The timetable scheduling at the university is a complex task to
perform manually. The person in-charge i.e. the timetable scheduler needs to
gather relevant information on the chosen modules from various databases avail-
able on different machines.

In order to access information from different databases for timetable schedul-
ing, it involves the heterogeneity issues [3,4]. Heterogeneity issues need to be
resolved for sharing purposes. They are grouped under three categories: syntax,
structure and semantic. They can be resolved by establishing mapping between
heterogeneous databases and building a shared ontology. This is illustrated in
Figure 4. The shared ontology also plays a pivotal role in multi-agent communi-
cation [7].

Scenario 3: A car manufacturer planned to develop a feasibility study for com-
ponents of a new concept car. This simulation integrates software components
developed by different suppliers, with each element operating on the suppliers’
computers.

In simulation, authentication is required between different suppliers and man-
ufacturer to share related databases. The coordination between suppliers and,
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between suppliers and manufacturer is required in order to coordinate and co-
operate activities with each other as shown in Figure 5. In this case, an effi-
cient synchronization technique [10] needs to be introduced between suppliers’
databases and between the suppliers’ and manufacturer’s databases.

The evaluation of the proposed framework is carried out based on grid prop-
erties (see Table 1).
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Table 1. Comparison of Grid Applications

Class of | Grid Framework Support
Examples |Properties
Sharing Dynamic Authentication of Internet server in order to

locate available resources, sharing of available
free spaces, coordination and synchronization
between machines.

Scheduling| Heterogeneous| Authentication of scheduler, sharing of
databases,coordination between database
administrator and scheduler and synchro-
nization of updated records.

Simulation| Distributed Authentication of different suppliers and
manufacturer,sharing of simulated databases,
coordination between suppliers and between
suppliers and manufacturer, synchronization
between suppliers’databases and between the
suppliers and manufacturer databases.

5 Conclusions

This paper has presented a framework of grid, which emphasizes on authentica-
tion, sharing of resources, coordination and synchronization. Reflective compu-
tation which consists of base-level and meta-level declarations has been discussed
as a potential implementation technique to support grid applications. It enables
sharing of resources in a system to be monitored from the outside through its
meta-object. The results of such monitoring are used to modify methods used
by an object for optimized computation during program execution.

Our future work will include the development of the framework and the
design of toolset. This will involve building a library of meta-objects to support
sharing, coordination and synchronization of resources. We will also focus on
further evaluation of the framework.
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Abstract. A preliminary study of the issues surrounding a seach engine
for Grid environments, GRISEN, that would enable the provision of a
variety of Grid information services, such as locating useful resources,
learning about their capabilities, expected conditions of use and so on.
GRISEN sits on the top of and interoperates with different underlying
Grid middleware and their resource discovery mechanisms. The paper
highlights the main requirements for the design of GRISEN and the re-
search issues that need to be addressed, presenting a preliminary design.

1 Introduction

The Grid is emerging as a wide-scale, distributed computing infrastructure that
promises to support resource sharing and coordinated problem solving in dy-
namic, multi-institutional Virtual Organisations [10]. In this dynamic and geo-
graphically dispersed setting, Information Services are regarded as a vital com-
ponent of the Grid infrastructure [5,14]. Information Services address the chal-
lenging problems of the discovery and ongoing monitoring of the existence and
characteristics of resources, services, computations and other entities of value
to the Grid. Ongoing research and developments efforts within the Grid com-
munity are considering protocols, models and API’s to provide an information
services infrastructure that would allow efficient resource discovery and provision
of information about them [5,12,6,14].

However, the identification of interesting and useful (in the user’s context)
resources can be a difficult task in the presence of too many, frequently chang-
ing, highly heterogeneous, distributed and geographically spread resources. The
provision of information-services components, as currently envisaged by the Grid
community [5], is a first step towards the efficient use of distributed resources.
Nevertheless, the scale of the envisaged Grids, with thousands (or millions) of
nodes, would also require well defined rules to classify the degree of relevance and
interest of a given resource to a particular user. If one draws on the experience
from the World Wide Web (arguably, the world’s largest federated information
system), efficient searching for information and services in such an environment
will have to be based on advanced, sophisticated technologies that are automatic,
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continuous, can cope with dynamic changes, and embody a notion of relevance
to a user’s request. In the context of the WWW, this role is fulfilled by search
engines [2] .

The vision of this paper is that the technology developed as part of web
search engine research, along with appropriate enhancements to cope with the
increased complexity of the Grid, could be used to provide a powerful tool to Grid
users in discovering the most relevant resources to requests that they formulate.
Thus, our primary objective is to study issues pertaining to the development of
search engines for the Grid. An additional objective is to design a search engine
for Grid environments, named GRISEN, which can facilitate the provision of a
wide range of information services to its users and can make this transparent
from the particular characteristics of the underlying middleware. GRISEN is not
intended to act as a substitute of existing systems for resource discovery, resource
management or job submission on the Grid. Instead, GRISEN is expected to be
a high-level entry point for the user for locating useful resources, learning about
their capabilities, expected conditions of use, and so on, providing a unified
view of resource information regardless of any possible different middlewares.
This way, users can pinpoint an appropriate set of Grid resources that can be
employed to achieve their goals, before proceeding with firing their application.

The remainder of the paper is structured as follows. Section 2 states the prob-
lem that motivated this research. Section 3 sets the requirements of GRISEN.
Section 4 presents the initial design for GRISEN’s architecture. Section 5 high-
lights the issues that need to be addressed. Finally, Section 6 concludes the

paper.

2 Background and Problem Statement

Grid environments were first developed to enable resource sharing between re-
mote scientific organisations. As the concept evolved, information services have
become an increasingly important component of software toolkits that support
Grids.

A Grid Information Service is a software component of the Grid middle-
ware that maintains information about Grid entities, i.e., hardware, software,
networks, services, policies, virtual organizations and people participating in a
Grid [5,9]. This information, which is encoded according to some data model,
can be made available upon request by the Grid information service that provides
also support for binding, discovery, lookup, and data protection.

From the outset, Directories have been adopted as a framework for deploying
Grid Information Services. Typically, directories contain descriptive attribute-
based information and are optimized for frequent, high-volume search and lookup
(read) operations and infrequent writes [1]. Access to directories is provided via
Directory Services, which wrap directory-based repositories with protocols for
network access and mechanisms for replication and data distribution. Globus in-
formation services, for instance, are provided by the Metacomputing Directory
Service (MDS) [9,5], which is based on the Lightweight Directory Access Proto-
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col (LDAP) [20,17,15]. The goal of MDS is to allow users to query for resources
by name and/or by attributes, such as type, availability or load. Such queries
could be of the sort of “Find a set of Grid nodes that have a total memory of
at least 1TB and are interconnected by networks providing a bandwidth of at
least 1MB/sec” or “Find a set of nodes that provide access to a given software
package, have a certain computational capacity, and cost no more than x,” and
so on. Along similar lines, the Unicore Grid middleware [7] publishes static infor-
mation about resources. Users annotate their jobs with resource requirements; a
resource broker, currently being developed for the EC-funded EuroGrid project
will match user-specified requirements with available resources.

However, the means used for publishing resource information, in either Globus
or Unicore, do not aim to support sophisticated, user-customized queries or al-
low the user to decide from a number of different options. Instead, they are
rather tied to the job submission needs within the particular environment. As
we move towards a fully deployed Grid — with a massive and ever-expanding
base of computing and storage nodes, network resources, and a huge corpus of
available programs, services, and data — providing an effective service related
to the availability of resources can be expected to be a challenging task. If we
draw from the WWW experience, the identification of interesting resources has
proven to be very hard in the presence of too many dynamically changing re-
sources without well-defined rules for classifying the degree of relevance and
interest of a given resource for a particular user. Searching for information and
services on the Web typically involves navigation from already known resources,
browsing through Web directories that classify a part of the Web (like Yahoo),
or submitting a query to search engines [2].

In the context of the Grid, one can easily envisage scenarios where users
may have to ‘shop around’ for solutions that satisfy their requirements best, use
simultaneously different middlewares (which employ different ways to publish
resource information), or consider additional information (such as, historical or
statistical information) in choosing an option. The vision of this paper is that
search engine technology, as has been developed for the WWW, can be used
as a starting point to create a high-level interface that would add value to the
capabilities provided by the underlying middleware.

3 Requirements

A search engine for resource discovery on the Grid would need to address issues
more complex and challenging than those dealt with on the Web. These issues
are further elaborated below.

Resource Naming and Representation. The majority of searchable re-
sources on the World-Wide Web are text-based entities (Web pages) encoded
in HTML format. These entities can be identified and addressed under a com-
mon, universal naming scheme (URI). In contrast, there is a wide diversity of
searcheable “entities” on the Grid with different functionalities, roles, semantics,
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representations: hardware resources, sensors, network links, services, data repos-
itories, software components, patterns of software composition, descriptions of
programs, best practices of problem solving, people, historical data of resource
usage, virtual organizations. Currently, there is no common, universal naming
scheme for Grid entities.

In MDS, Grid entities are represented as instances of “object classes” fol-
lowing the hierarchical information schemas defined by the Grid Object Speci-
fication Language (GOS) in line with LDAP information schemas [18,15]. Each
MDS object class is assigned an optional object identifier (OID) that complies to
specifications of the Internet Assigned Numbers Authority, a description clause,
and a list of attributes [16,18]. The MDS data model, however, is not powerful
enough to express the different kinds of information and metadata produced by
a running Grid environment, the semantic relationships between various entities
of the Grid, the dynamics of Virtual Organizations, etc. Therefore, relational
schemas, XML and RDF are investigated as alternative approaches for the rep-
resentation of Grid entities [6,19,11]. Moreover, the use of a universal naming
scheme, along with appropriate mapping mechanisms to interpret the resource
description convention used by different middlewares, would allow a search en-
gine for the Grid to provide high-level information services regarding resources
of different independent Grids that may be based on different middlewares.

Resource Discovery and Retrieval. Web search engines rely on Web crawlers
for the retrieval of resources from the World-Wide Web. Collected resources are
stored in repositories and processed to extract indices used for answering user
queries [2]. Typically, crawlers start from a carefully selected set of Web pages
(a seed list) and try to “visit” the largest possible subset of the World-Wide
Web in a given time-frame crossing administrative domains, retrieving and in-
dexing interesting/useful resources [2,21]. To this end, they traverse the directed
graph of the World-Wide Web following edges of the graph, which correspond
to hyperlinks that connect together its nodes, i.e., the Web pages. During such a
traversal (crawl), a crawler employs the HTTP protocol to discover and retrieve
Web resources and rudimentary metadata from Web-server hosts. Additionally,
crawlers use the Domain Name Service (DNS) for domain-name resolution.

The situation is fundamentally different on the Grid: Grid entities are very
diverse and can be accessed through different service protocols. Therefore, a Grid
crawler following the analogy of its Web counterpart should be able to discover
and lookup all Grid entities, “speaking” the corresponding protocols and trans-
forming collected information under a common schema amenable to indexing.
Clearly, an implementation of such an approach faces many complexities due to
the large heterogeneity of Grid entities, the existence of many Grid platforms
adopting different protocols, etc.

Globus seeks to address this complexity with its Metacomputing Directory
Service [S5]. Under the MDS approach, information about resources on the Grid
is extracted by “information providers,” i.e., software programs that collect and
organize information from individual Grid entities. Information providers ex-
tract information either by executing local operations or contacting third-party
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information sources such as, the Network Weather Service or SNMP. Extracted
information is organized according to the LDAP data model in LDIF format
and uploaded into LDAP-based servers of the Grid Resource Information Ser-
vice (GRIS) [16,17]. GRIS is a configurable framework provided by Globus for
deploying core information providers and integrating new ones.

GRIS servers support the Grid Information Protocol (GRIP), an LDAP-
based protocol for discovery, enquiry and communication [5]. GRIP specifies
the exchange of queries and replies between GRIS servers and information con-
sumers. It supports discovery of resources based on queries and information
retrieval based on direct lookup of entity names. GRIS servers can register them-
selves to aggregate directories, the Grid Index Information Services (GIIS). To
this end, they use a soft-state registration protocol called Grid Registration Pro-
tocol (GRRP). A GIIS can reply to queries issued in GRIP. Moreover, a GIIS
can register with other GIIS’s, thus creating a hierarchy of aggregate directory
servers. End-users can address queries to GIIS’s using the GRIP protocol.

Nevertheless, MDS does not specify how entities are associated with infor-
mation providers and directories, what kinds of information must be extracted
from complex entities, and how different directories can be combined into com-
plex hierarchies. Another important issue is whether information regarding Grid
entities that is stored in MDS directories is amenable to effective indexing. Fi-
nally, as the Grid scales to a large federation of numerous, dispersed resources,
resource discovery and classification become a challenging problem [12]. In con-
trast to the Web, there is no global, distributed and simple view of the Grid’s
structure that could be employed to drive resource discovery and optimize replies
to user queries.

Definition and Management of Relationships. Web-page links represent
implicit semantic relationships between interlinked Web pages. Search engines
employ these relationships to improve the accuracy and relevance of their replies,
especially when keyword-based searching produces very large numbers of “rele-
vant” Web pages. To this end, search engines maintain large indices capturing
the graph structure of the Web and use them to mine semantic relationships
between Web resources, drive large crawls, rate retrieved resources, etc. [4,2].

The nature of relationships between Grid entities and the representation
thereof, are issues that have not been addressed in depth in the Grid litera-
ture. Organizing information about Grid resources information in hierarchical
directories like MDS implies the existence of parent-child relationships. Limited
extensions to these relationships are provided with cross-hierarchy links (refer-
ences). However, traversing those links during query execution or indexing can be
costly [14]. Alternatively, relationships can be represented through the relational
models proposed to describe Grid monitoring data [6,8].

These approaches, however, do not provide the necessary generality, scalabil-
ity and extensibility required in the context of a Grid search engine coping with
user-queries upon a Grid-space with millions of diverse entities. For instance, a
directory is not an ideal structure for capturing and representing the transient
and dynamic relationships that arise in the Grid context. Furthermore, an MDS
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directory does not capture the composition patterns of software components
employed in emerging Grid applications or the dependencies between software
components and data-sets [3,13], In such cases, a Search Engine must be able to
“mine” interesting relationships from monitoring data and/or metadata stored
in the Grid middleware. Given that a Grid search engine is expected to be used
primarily to provide summary information and hints, it should also have addi-
tional support for collecting and mining historical data, identifying patterns of
use, persistent relationships, etc.

The Complexity of Queries and Query Results. The basic paradigm sup-
ported by Search Engines to locate WWW resources is based on traditional in-
formation retrieval mechanisms, i.e., keyword-based search and simple boolean
expressions. This functionality is supported by indices and dictionaries created
and maintained at the back-end of a search engine with the help of information
retrieval techniques. Querying for Grid resources must be more powerful and
flexible. To this end, we need more expressive query languages, that support
compositional queries over extensible schemas [6]. Moreover, we need to em-
ploy techniques combining information-retrieval and data-mining algorithms to
build proper indexes that will enable the extrapolation of semantic relationships
between resources and the effective execution of user queries.

Given that the expected difficulty of queries ranges from that of very small
enquiries to requests requiring complicated joins, intelligent-agent interfaces are
required to help users formulate queries and the search engine to compute effi-
ciently those queries. Of equal importance is the presentation of query results
within a representative conceptual context of the Grid, so that users can navigate
within the complex space of query results via simple interfaces and mechanisms
of low cognitive load.

4 GRISEN Architecture

The effort needed to provide adequate information services on the Grid can
partly be leveraged by considering, as a starting point, existing search engine
technologies, which are subsequently enhanced with appropriate models and
mechanisms to address the problems discussed above. In our envisaged Grid
Search Engine, GRISEN, crawlers crawl the Grid collecting meta-information for
Grid resources and policies thereof. Collected information is organized by a num-
ber of constructed indexes representing semantic and policy information about
each resource. Access to GRISEN is provided to users through an intelligent-
agent interface enabling simple, keyword-based searches and more complicated
queries that take as arguments user-needs and preferences.

The purpose of GRISEN is not to change the existing layered architecture
of the Grid or to substitute systems at each layer. Instead, GRISEN provides a
universal interface that sits on the top, exploits the information provided by the
layers underneath, and can be used by users to pinpoint a set of Grid resources
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Fig. 1. Architecture of GRISEN.

that can be employed to achieve their goals, before proceeding with firing their
application and invoking the necessary tools and services at the collective layer.

The architecture of GRISEN is established upon the notion of a Grid re-
source, which is represented by a complex data model, defined in the context of
GRISEN. For the metadata of a Grid node to be retrievable by GRISEN, it has
to become available at an information provider node or proxy, wherefrom it will
be fetched by GRISEN.

Therefore, each Grid node is expected to have a corresponding proxy. Typ-
ically, the proxy is closely integrated with the node, in order to facilitate the
efficient generation and publishing of the node’s metadata. The proxy achieves
this with the invocation of enquiry mechanisms provided at the fabric layer of
the Grid. Some proxies, however, provide information about a wider range of
resources belonging to different nodes under, for instance, the information direc-
tory service of a common administrative domain. Alternatively, proxies provide
information regarding resources that span throughout different administrative
domains but are perceived as a single subsystem or family of resources by ap-
plication developers and users (e.g., a network connection, an index of CFD
software, etc). Finally, a set of Grid resources can be represented by more than
one proxy, each of which may provide complementary information.

Consequently, and due to the variety of existing and emerging Grid platforms,
protocols and middleware, the specification of the proxy must comply with only
a minimum set of requirements that enable the retrieval of metadata about the
corresponding Grid resource from its proxy, via well defined, open protocols.
Furthermore, each proxy should be uniquely identifiable via a universal naming
scheme, possibly compliant to the naming schemes of the WWW (URL).

GRISEN consists of five basic modules: (i) Proxies distributed throughout
the Grid, running query mechanisms at the fabric layer of the Grid to extract in-
formation about local resources. (ii) The multi-threaded, distributed “crawler”
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that discovers and accesses proxies to retrieve metadata for the underlying Grid
resources, and transform them into the GRISEN data-model. (iii) The indexer,
which processes collected metadata, using information retrieval and data mining
techniques, to create indexes that can be used for resolving user queries. (iv) The
query engine, which recognizes the query language of GRISEN and processes
queries coming from the user-interface of the search engine. (v) The intelligent-
agent interface that helps users issue complicated queries when looking for
combined resources requiring the joining of many relations. The overview of the
whole system architecture is depicted in Figure 1.

5 The Context of GRISEN

GRISEN is expected to function in the context of a Grid viewed as a constellation
of resources represented by “heterogenecous” information providers-proxies, with
unique addresses, encapsulating meta-information about these resources in a
common data model, and enabling the retrieval of this meta-information from
remote hosts via well-defined protocols. To implement GRISEN in this context,
the following issues need to be addressed:

Exporting Local Metadata into the Proxies: This issue refers to the extrac-
tion to the proxy of metadata describing the resources of a Grid node. Metadata
must comply with a common data model to be defined in GRISEN. A specifi-
cation of the proxy structure and interface to the Grid node are required; this
interface must be compliant with the enquiry protocols implemented by various
Grid platforms, different types of nodes, etc. A proxy can be many things: a
simple index of local resources created by the Grid node, published on a Web
server and accessed via HTTP; a daemon running on a network port of the node,
awaiting for requests complying to a platform-specific protocol; a mobile agent
launched by GRISEN and parked at a node hosting a directory of resources
and running periodic queries to extract meta-information. Besides supporting
the protocols of acknowledged Grid platforms like Globus or Unicore, GRISEN
would need to employ a minimalist approach for defining, naming, addressing,
and implementing proxies.

Discovery of Proxies: GRISEN must implement efficient mechanisms for dis-
covery of Grid-resource descriptions throughout Internet. As a first step to fa-
cilitate the discovery process, GRISEN can explore naming schemes that can be
adopted to identify proxies and Grid resources. Different approaches need to be
studied and compared. For example: (i) periodic “crawling” of the Grid for the
discovery of “passive” proxies, or (ii) updates of GRISEN structures by “active”
proxies whenever metadata change. For the effective discovery of proxies in the
presence of hundreds of thousands of Grid nodes on Internet, it is important
to define and exploit the semantic and administrative “relationships” that will
be established between Grid resources, as users exploit the benefits of the Grid
and form dynamic Virtual Organizations, using multiple Grid nodes to solve a
problem, coupling different codes, etc.
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Retrieval of Metadata: Upon discovery of a proxy, GRISEN must retrieve
and store its metadata for further processing. This simple task must be highly
efficient and scalable with respect to the size ofthe Grid. Moreover, it is critical to
incorporate proper scheduling, replacement and garbage-collection mechanisms
in order to monitor and follow the rate of change of resources, to maintain
the freshness of collected metadata, to achieve the prompt disposal of obsolete
resources, etc.

Organization and Management of Data, Query Mechanisms and In-
terface: Collected metadata must be analyzed with techniques combining infor-
mation-retrieval and data-mining algorithms to build proper indexes that will
enable the extrapolation of semantic relationships between resources and the
effective execution of user queries. A query language will be developed. Given
that the expected difficulty of queries ranges from that of very small enquiries
to requests requiring complicated joins, an intelligent-agent interface is required
to help users formulate queries to the GRISEN data model.

6 Summary and Conclusion

The motivation for the ideas described in this paper stems from the need to pro-
vide effective information services to the users of the envisaged massive Grids.
The main contributions of GRISEN, as it is envisaged, are expected to re-
volve around the following issues: a) The provision of a high-level, platform-
independent, user-oriented tool that can be used to retrieve a variety of Grid
resource-related information in a large Grid setting, which may consist of a num-
ber of platforms possibly using different middlewares. b) The standardization of
different approaches to view resources in the Grid and their relationships, thereby
enhancing the understanding of Grids. ¢) The development of appropriate data
management techniques to cope with a large diversity of information
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Abstract. Although Grid technology appears as a promising infrastruc-
ture for global computation and effective resource sharing, the devel-
opment of Grid Applications is still based in traditional programming
models such as Message Passing Interface (MPI), making it difficult to
provide a good level of software reuse and productivity. Moreover, the
Grid offers an environment where the component technology can be ap-
plied to a greater extent than ever, due to the intrinsic security enforced
by the Grid, allowing the creation of a successful component market.
Component technology accelerates software development enforcing soft-
ware reuse and sharing. In this article we present CORBA-LC and the
design of its Container, that manage components and provides them with
non-functional aspects such as security, concurrency, distribution, load
balancing, fault tolerance, replication, data-parallelism, etc. Component
implementors can thus focus only on the component functionality itself,
independently of these aspects, provided by the Container. Furthermore,
we identify these non-functional aspects in the Grid Computing domain
and show the current status of the implementation.

1 Introduction and Related Work

Grid technology [4] has emerged as a new paradigm for reusing the comput-
ing power available in organizations worldwide. Particularly, Grid toolkits like
Globus [7] and frameworks like Open Grid Services Architecture (OGSA) [11]
help establishing a standard framework for integrating new developments, ser-
vices, users, organizations, and resources.

Within these frameworks, which offer the foundation for the development of
the Grid, distributed component models fit seamlessly to provide a higher level
services for integrating and reusing components and applications.
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Component models allow developing parts of applications as independent
components. These components can be connected together to build applications,
and represent the unit of development, installation, deployment and reuse [16].

Taken together, the benefits of both the Grid and components raise the level
of reuse and resource availability, allowing the development of a “component
market”, in which all the organization offer their components and services.

Traditional component models such as Enterprise Java Beans (EJB) and the
CORBA Component Model (CCM) [10] are not suited for Grid computing be-
cause the enterprise services overhead. Thus, other component models oriented
towards the Grid have appeared, such as the Common Component Architecture
(CCA) [1], the work of Rana et al. [8] and Furmento et al. [5]. However, these
works do not offer a complete component model, neither packaging nor deploy-
ment models, making it difficult to manage applications and services in the Grid
environment.

In this article we present the CORBA Lightweight Components (CORBA-LC)
distributed component model and study the design and implementation strate-
gies for its component container.

2 The CORBA-LC Component Model

CORBA Lightweight Components (CORBA-LC) [14,15] is a lightweight compo-
nent model based on CORBA, sharing many features with the CORBA Com-
ponent Model (CCM)[10].

The following are the main conceptual blocks of CORBA-LC:

— Components. Components are the most important abstraction in
CORBA-LC. They are both a binary package that can be installed and man-
aged by the system and a component type, which defines the characteristics of
component instances (interfaces offered and needed, events, etc.) Component
characteristics are exposed by the Reflection Architecture.

— Containers and Component Framework. Component instances are run
within a run-time environment called container. Containers become the
instances view of the world. Instances ask the container for the required ser-
vices and it in turn informs the instance of its environment (its context).
Component/container dialog is based on agreed local interfaces, thus con-
forming a component framework. The design and implementation strategies
for the CORBA-LC containers are described in Section 3.

— Packaging Model. The packaging allows to build self-contained binary
units which can be installed and used independently. Components are pack-
aged in “.ZIP” files containing the component itself and its description as
IDL and XML files. The packaging allows storing different binaries of the
same component to match different Hardware/Operating System/ORB.

— Deployment and Network Model. The deployment model describes
the rules a set of components must follow to be installed and run in a
set of network-interconnected machines in order to cooperate to perform
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Fig. 1. Logical Node Structure.

a task. CORBA-LC deployment model is supported by a set of main con-
cepts: nodes, the reflection architecture, the network model, the dis-
tributed registry and applications.

The CORBA-LC network model can be seen as a set of nodes
(hosts) that collaborate in computations. Nodes maintain the logical net-
work connection, encapsulate physical host information and constitute
the external view of the internal properties of the host they are running
on. Concretely, they offer (Fig. 1):

* A way of obtaining both node static characteristics (such as CPU,
Operating System type, ORB) and dynamic system information
(such as CPU and memory load, available resources, etc.): Resource
Manager interface.

* A way of obtaining the external view of the local services: the Com-
ponent Registry interface reflects the internal Component Repos-
itory and allows performing distributed component queries.

* Hooks for accepting new components at run-time for local installa-
tion, instantiation and running [9] (Component Acceptor inter-
face).

* Operations supporting the protocol for logical Network Cohesion.

o The Reflection Architecture. Is composed of the meta-data given by
the different node services:

% The Component Registry provides information about (a) running
components, (b) the set of component instances running in the node
and the properties of each, and (c) how those instances are connected
via ports (assemblies)[13]. This information is used when compo-
nents, applications or visual builder tools need to obtain information
about components.

o Nodes.



62

3

D. Sevilla, J M. Garcia, and A. Gomez

* the Resource Manager in the node collaborates with the Con-
tainer implementing initial placement of instances, migration/load
balancing at run-time. Resource Manager also reflects the hardware
static characteristics and dynamic resource usage and availability.

e Network Model and the Distributed Registry. The CORBA-LC
deployment model is a network-centered model: The complete network
is considered as a repository for resolving component requirements. Each
host (node) in the system maintain a set of installed components in its
Component Repository, which become available to the whole network.
When component instances require other components, the network can
decide either to fetch the component to be locally installed, instantiated
and run or to use it remotely. This network behavior is implemented by
the Distributed Registry. It stores information covering the resources
available in the network as a whole.

¢ Applications and Assembly. In CORBA-LC, applications are just
special components. They are special because (1) they encapsulate the
explicit rules to connect together certain components and their instances
(assembly), and (2) they are created by users with the help of visual
building tools. Thus, they can be considered as bootstrap components.

A Grid-Enabled Container for CORBA-LC

Containers in CORBA-LC mediate between component instances and the infras-
tructure (both CORBA-LC runtime and the Grid middleware). Instances ask the

container for needed resources (for instance, other components), and it, in turn,

provides them with their context (the set of data associated with each component

instance). The building blocks of a container are shown in Figure 2, as well as
its responsibilities within a call by the component client. Concretely, container’s
responsibilities include [17]:

— Manage Component Instances. It interacts with the component factory

to maintain the set of active component instances, as well as instance acti-
vation and deactivation.
Provide a Controlled Execution Environment for Instances. They
obtain all the network resources (their view or context) from the container,
becoming their representative into the network. The communication between
container and instances is made through agreed local interfaces.
Provide Transparent Fault Tolerance, Security, Migration, and
Load Balancing. The container intercepts all the calls made to the com-
ponent instances it manages. This gives the container the chance to redirect
the calls to the correct component or to group component instances to im-
plement fault tolerance. There are two main strategies to implement this
behavior:
Interception. Using CORBA as a foundation, Portable Interceptors [10]
can be used to intercept every call to the instance. This is more flexible
and generic, but inefficient.
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Code Generation. With this approach, an utility can take interface defi-
nitions and non-functional aspects of the component (described as XML
files) and generate a customized container. The container becomes a
wrapper for the component. This approach is more efficient because the
container is made for the component. Moreover, the code generation
can also convert the generated container into an adapter [6] to offer the
component interfaces as Grid Services compliant with the OGSA speci-
fication [11] .

3.1 Control Flow When Interacting with Component Instances

Figure 2 shows the flow that a client call follows within the Container. The client
call in intercepted by the Container’s POA' (1). The POA invokes the Servant
Locator of the Container (2), who is in charge of locating the actual component
instance for the call. If the instance is not already activated, it will activate
it. Alternatively, the call may be redirected to another host depending on the
requirements on the application (e.g. replication, etc.) (3). The Component In-
stance now takes the control, executing the required operation (4). During the
operation, the instance may call the container to obtain services from the net-
work (5), such as other components or resources. The instance then returns the
results of the operation (6), and the Servant Locator takes the control again (7).
At this point, it can decide whether to passivate the instance to save system
resources or not. The POA finally returns the results to the caller. Points (3)
to (7) represent interception points.

Fig. 2. Component instances and interception within a Container. The request comes
from (and returns to) the client.

3.2 Aspect-Oriented Programming and the Grid

While traditional component models as EJB and CCM cover the needs of enter-
prise-oriented applications, we believe they are not suited for dealing with Grid
or HPC applications, because of the burden of enterprise-oriented services, such

! Portable Object Adapter—Manages the set of CORBA objects hosted by a server.
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as persistence or transactions. Moreover, they have a fixed set of aspects, making
them difficult to adapt to those environments.

Following the Aspect-Oriented Programming (AOP) paradigm [2], we have
identified a set of aspects that components can specify so that the container can
manage them effectively in a Grid environment. This list is not exhaustive, and
is a result of our ongoing research on this area:

— Instance Lifetime and Service. Defines the lifetime of instances. Helps
the container to manage instances.

— Integration with Grid Security. Specifies the security restriction of this
component. The container must ensure component security restrictions by
leveraging the grid infrastructure.

— Mobility. If the component can travel or must be run remotely. The former
allows physical component distribution. The latter is semantically equivalent

to an OGSA service.
— Fault Tolerance and Replication. The container must ensure the level of

fault tolerance required by the component (number of replicas, etc.)

— Data Aggregation and Distribution. This is interesting for data-parallel
components, which can specify how many workers they need for the realiza-
tion of their work, and know how to join partial results. The container is
in charge of finding the workers, delivering the data and bringing back the
results.

3.3 Aspect-Weaving Code Generator

Containers follow the AOP philosophy [3]. Components specify the non-function-
al requirements (aspects) they need from the environment. This specification
is made through XML files describing the characteristics of the component in
terms of the defined aspects. Figure 3 shows the CORBA-LC tool chain. The user
provides both the IDL definitions for the component and the XML file describing
the component characteristics. This separation allows using traditional ORBs
and IDL2 compilers instead of forcing to use a CORBA 3 implementation as
CCM does. The CORBA-LC Code Generator generates the code that interacts
with the container for doing aspect weaving, and the IDL Compiler generates
traditional CORBA stubs and skeletons. These, together with the Component
Implementation provided by the user, are compiled into a Binary DLL (Dynamic
Link Library). Finally, the CORBA-LC Component Packager gets the DLL and
the metadata of the component (XML and IDL) and packages it for distribution.

Figure 4 shows the role of the generated weaving code. The component in-
stance is composed of the generated code and the code supplied by the user.
The weaving code interacts with the container to provide the required aspects.
For instance, if the user (or the application) decides to log the calls to this in-
stance, the generated code will do the logging before calling the actual instance
implementation provided by the user. (The same can be applied for security,
distribution, etc.) Just after applying desired aspects, it calls the user imple-
mentation. The implementation uses the container to obtain resources from the
system, such as other components and so on.
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Fig. 3. CORBA-LC tool chain.
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Fig. 4. Internal view of a component instance.

4 Status and Future Work

Current status of CORBA-LC allows building components and connect them.
We are currently researching in the area of aspects suited for grid computing
and the design and implementation of the CORBA-LC container. Concretely, we

are working in the following fields:

— Identification of aspects suitable for Grid computing, and its application to
CORBA-LC and the Container and Code Generator. [2].
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— The implementation of the Container and the different aspects such as Grid
Security, leveraging the different Commodity Grid Kits (CoG) such as the
CORBA CoG [12].

— We are implementing the CORBA-LC distributed deployment, which inter-
acts with each component container to offer distributed services such as
replication, load balancing and fault tolreance.
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Abstract. The CrossGrid project is developing new grid middleware
components, tools and applications with a special focus on parallel and
interactive computing. In order to support the development effort and
provide a test infrastructure, an international grid testbed has been de-
ployed across 9 countries. Through the deployment of the testbed and its
supporting services, CrossGrid is also contributing to another important
project objective, the expansion of the grid coverage in Europe. This
paper describes the status of the CrossGrid testbed.

1 Introduction

The CrossGrid international distributed testbed will share resources across six-
teen European sites and this is one of the challenging points of the CrossGrid
project.

P. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 67-77, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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The sites list range from relatively small computing facilities in universities,
to large computing centers, offering an ideal mixture to test the possibilities of
the Grid framework.

National research networks and the high-performance European network,
Géant, will assure the interconnectivity between all sites. The network includes
usually three steps: the local step (typically inside a University or Research
Center, via Fast or Gigabit Ethernet), the jump via the national network provider
(at speeds that will range from 34 Mbits/s to 622 Mbits/s or even Gigabit) to
the national node, and finally the link to the Géant network (155 Mbits/s to 2.5
Gbits/s).

The figure 1 shows the geographical map for the different nodes, including
the major “network” links.

Fig. 1. CrossGrid testbed map.

The CrossGrid testbed largely benefits from the DataGrid [1] experience on
testbed setup: since the CrossGrid middleware is being developed it was decided
that initially the testbed middleware would have to be based entirely in Data-
Grid (EDG) and Globus middleware distributions. The efforts to establish an
integrated CrossGrid testbed started with the release of EDG 1.2.0, however
several problems where found in the first deployed sites. The EDG release 1.2.2
with improved stability has allowed more sites to join in spite of some serious
middleware limitations. Currently EDG 1.2.2 and 1.2.3 are deployed in the pro-
duction testbed, while the version 1.4.3 is being tested at several validation sites;
it is expected that it will overcome many of the major limitations of the previous
versions allowing the interconnection of both CrossGrid and DataGrid testbeds.
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2 Testbed Status

At least sixteen sites are foreseen to be included in the CrossGrid testbed[2],
this number may be increased with the addition of more sites interested in the
technologies and applications being developed by CrossGrid, and with the ad-
dition of more sites belonging to CrossGrid partners. These 16 sites are being
deployed and registered into the CrossGrid Resource Broker (RB).

The table 1 shows the testbed deployment status in the end of February 2003.

Table 1. Testbed site status.

Site Location Version |RB registration

CYFRONET |Cracow 1.2.2|Production

ICM ‘Warsaw 1.2.2|Production

INS ‘Warsaw 1.2.2|Production

UvA Amsterdam 1.2.2|NOT registered

FZK Karlsruhe 1.4.3|Validation

IISAS Bratislava 1.2.3|Production

PSNC Poznan 1.2.2|Production

UCY Nikosia 1.2.2|NOT registered

TCD Dublin 1.2.3|Production

IFIC Valencia 1.2.3|Production

IFCA Santander 1.2.2|NOT registered

UAB Barcelona 1.2.2|Production (under test)

USC/CESGA |Santiago 1.2.2|Production

Demokritos Athens 1.4.3|Validation

AUTH Thessaloniki 1.2.2|Production

LIP Lisbon 1.2.3/Production, Validation
1.4.3|(two clusters)

3 Testbeds

According with the CrossGrid testbed architecture and minimum hardware re-
quirements[3] each site must have at least five system components:
Gatekeeper: is the system that provides the gateway through which Jobs are
submitted to local farm nodes. The gatekeeper is the interface through which
grid enabled systems can use the local resources.

Worker Node (WN): is a local farm computing node where jobs are actually
executed. Jobs received by the Gatekeeper are sent to the WN through the
local batch scheduling system. Many worker nodes can exist behind a single
Gatekeeper. The combination of a Gatekeeper with their worker nodes is usually
called a Computing Element (CE).

Storage Element (SE): is the generic name used for any storage resource that
includes a Grid interface ranging from large Hierarchical Storage Management
Systems to disk pools.
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User Interface (UI): is the system used by end-users to submit jobs to the
grid Computing Elements. The job submission is usually performed through a
resource broker.

LCFG Installation Server: is used to install, configure and maintain the above
systems from a single management system. The installation server is required
for the proper installation and ease of maintenance of the EDG middleware.

Although we talk about a generic CrossGrid testbed, in fact several “testbeds”
will co-exist to support different efforts, from pure development, to production
after validation. The following testbeds are foreseen [4]:

Development Testbed: new middleware or application software development
will require a dedicated small but well maintained testbed, allowing its test
in a Grid aware framework. The testbed setup will include a dedicated minimal
configuration, and the flexibility to adapt to the required changes in the external
software packages (like for example migrating from Globus 2 to Globus 3, or
from RedHat 6.2 to RedHat 7.3). The development testbed will also provide the
environment to integrate the developed components into software releases.

Test and Validation Testbed: each new middleware release will require a
complete validation process that will include extensive tests. These tests must be
performed in a tight controlled environment without disturbing the production
and development testbeds. The dedicated validation testbed supports this effort,
and is being offered by LIP, FZK, CSIC(IFIC), USC(CESGA) and DEMO.

Finally the Production testbed will be used to run the applications, show-
ing the Grid potential. It will be extended over all testbed sites: CYFRONET,
ICM, INS, UvA, TISAS, FZK, PSNC, UCY, TCD, IFCA, UAB, USC, DEMO,
AUTh, IFIC and LIP.

The first CrossGrid testbed prototype was born from the initial “test and
validation” testbed, managed by the LIP group. This effort has been very suc-
cessful: external site resources have been included in the corresponding Resource
Broker and users joined the Virtual Organizations. Jobs have been successfully
submitted through User Interface nodes at each testbed site.

Basic tests covering the Globus and EDG middleware functionalities have
been performed using the testbed. These tests cover the job submission using
Globus and the EDG RB, file transfer with GSI ftp, file replication with GDMP,
file replication with the Replica Manager, the VO server and the MDS informa-
tion system.

Currently the initial “test and validation” testbed running EDG 1.2.2 and
1.2.3 was moved into production, and a new “test and validation” testbed run-
ning EDG 1.4.3 is now deployed and running within a limited set of sites (LIP,
FZK and Demokritos). This new “test and validation” testbed will be used to
test the first CrossGrid software release that will include: monitoring tools, de-
velopment tools, a remote access server, portals and a prototype of the parallel
resource broker.

Tables 2 and 3 show the resources available in the production and validation
testbeds respectively.
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Table 2. “Production” testbed resources.

Computing Elements 15
Worker Nodes 69
CPUs 115
Storage Elements 14
Storage Capacity 2.7TB

Table 3. “Test and validation” testbed resources.

Computing Elements 3
Worker Nodes 4
CPUs 5
Storage Elements 3
Storage Capacity 1.2TB

The resource tables for the production testbed already show a considerable
amount of computing and storage resources. The amount of resources will grow
as the sites commit more nodes. Namely it is expected that once RedHat 7.3 is
made available in the testbed several existing production cluster will be added to
the grid. A method for adding existing clusters running different Linux flavours
from the one supported by EDG, is being studied. If a suitable solution is found,
then it will be possible to deploy existing Linux clusters as worker nodes without
interfering with the installed software.

Although the “test and validation” testbed has fewer resources it has been
very successful in testing the EDG releases 1.4.x. Their resources are currently
providing the platform for the integration of the first CrossGrid software release.

4 Tests and Applications

Three CrossGrid sites (FZK, IFIC and LIP) have participated at the IST 2002
demonstration event showing the interoperation of the CrossGrid sites with other
testbeds. During the demonstration several jobs have been successfully executed
in the three participating CrossGrid sites.

In addition the first tests with MPI in the testbed have been performed. Since
the EDG RB doesn’t support parallel applications the program executions have
been performed using the Globus job submission capabilities directly. The MPI
package used for the tests was MPICH-G2 a variant of the MPICH implementa-
tion using Globus IO for inter-process communication and Globus DUROC for
resource co-allocation. In the same context tests were performed on how to start
the parallel applications. Although MPICH provides its own program start-up
command named mpirun, the MPICH-G2 mpirun command has some limita-
tions. Therefore other methods to submit jobs to selected resources have been
tested.

At the same time, the first CrossGrid software prototypes are being devel-
oped. A prototype of the HEP application has been released, requiring MPI and
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very low latency. Tests aiming to validate the prototype architecture and the
testbed middleware with a full CrossGrid application are being performed in the
testbed. The tests of the HEP application have shown the feasibility of running
full applications across testbed sites with MPICH-G2.

5 Collaborative Tools

The basic collaborative tools are the WP4 web pages (that can be found at
http://grid.ifca.unican.es/crossgrid/wp4 ) and the videoconference system VRVS
(http://vrvs.org): its usage allows that, coordination meetings take place regu-
larly with the participation of all sites (14 meetings in 9 months). VRVS has
proved to be both inexpensive and flexible since it uses the Internet as commu-
nications medium and supports a wide range of audio and video devices. Many
operating systems are supported and most portable computers can be used with
VRVS.

Web pages containing information about the central testbed services are
available at the LIP web server. The main link for the pages related with the pro-
duction testbed is http://www.lip.pt/computing/cg-services. These web pages
also contain pointers to usage statistics and information on how to configure
the testbed sites. Useful information on how to diagnose problems and a list
of common configuration problems is also provided. The pages are both a cen-
tral place to find updated information about the testbed and a first level user
support tool where users can cross check their site configurations and obtain
helpful hints on how to solve common problems. A second web page contain-
ing the same information for the test and validation testbed is available at
http://www.lip.pt/computing/cg-tv-services.

6 Central Services

A set of central services[2] is required for proper testbed operation. These ser-
vices are essential for user authentication, authorization, workload management,
monitoring and location of file replicas.

One of the most important central services is the Virtual Organizations server
that contains the CrossGrid VO. To use the CrossGrid VO for authentication,
configuration changes have to be made in all testbed systems. The support for
VO site configuration is provided through the central services web pages at
http://www.lip.pt/computing/cg-services. CrossGrid users wishing to join the
CrossGrid VO should send their request by Email with an explanation of their
participation in the project and containing the X.509 user certificate. This pro-
cedure will be used until a web interface for VO enrollment,which is under de-
velopment is made available.

The Resource Broker (RB) is the central service responsible for the man-
agement of the testbed workload. The RB receives user job requests submitted
through User Interface nodes. Access control is performed using a local autho-
rization file rebuilt from the CrossGrid VO server. Once a user is authenticated




First Prototype of the CrossGrid Testbed 73

and authorized to access the RB the job description is transferred from the Ul
to the RB and a matchmaking operation is started to find computing resources
matching the job requirements. In the matchmaking the RB uses information
about the existing computing resources in the testbed obtained from the Globus
MDS information system. For this purpose the RB consults a MDS Information
Index (II) server containing pointers to the MDS information servers (published
by every CE and SE). When the job description contains references to logical
files the RB must also query the central Replica Catalogue to obtain the location
of the corresponding physical replicas in order to select the CE that has a near
SE containing replicas of the requested files. Finally the RB uses the central
MyProxy server to renew the job credentials when needed.

The MyProxy server is an authentication credential proxy used by the RB
to renew the proxy certificates of long-lived jobs. MyProxy stores certificates
on behalf of other subjects and can issue or renew short-term proxy certificates
based on stored certificates.

The system hosting the RB also hosts the Logging and Bookkeeping (LB)
database. The LB is used to record information about job status and can be
queried to obtain the status of a job or historic data about previously submitted
jobs. The logging information is stored in a MySQL relational database.

Two RBs have been deployed, one for the production testbed and a second
for the “test and validation” testbed. However in the production testbed the II
server is hosted in the RB while in the “test and validation” it is hosted in a
separate system.

The last central service is the Replica Catalogue (RC). Currently the RC
is an LDAP server containing logical file names. For each logical file name the
server contains the location of the physical file replicas. The physical file replicas
can be stored in multiple testbed SEs. The replica catalogue is a key piece in
the data access optimization since when combined with the RB it allows jobs
to be executed at sites where the required data files are already present, hence
minimizing data transfers and reducing data access time and network bandwidth
usage. File replication software such as the Replica Manager and GDMP make
use of the Replica Catalogue to register the location of the replicated files. Again
two RCs have been deployed one for each testbed.

All CrossGrid central services are being hosted at the LIP Computer Centre
in Lisbon.

7 Certification Authorities

The authentication of users and systems is performed through a public key in-
frastructure based on X.509 certificates. Since certificates must be issued by
trusted certification authorities (CAs) CrossGrid choose to trust the national
CAs already established by DataGrid, and to coordinate the deployment of new
national CA’s where necessary[2]. New grid certification authorities have been
established in the countries where they were not previously available namely:
Poland, Germany, Slovakia, Greece and Cyprus. A strong effort was made to
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make the new CAs recognized by DataGrid creating new opportunities for shar-
ing resources between CrossGrid and DataGrid and therefore extending the grid
coverage in Europe.

8 Testbed Monitoring

Users and site administrators can obtain information about the testbed status [2]
from the mapcenter web pages available at http://mapcenter.lip.pt. Mapcenter
is an important tool for testbed support since it provides a quick global view
of the testbed status and historical data that can be used to identify the origin
of problems occurred in the past. The mapcenter web pages are extremely im-
portant for site administrators since they allow them to check the site services
connectivity. Mapcenter has been improved with the addition of links for usage
statistics covering the RBs and CEs usage.

The statistics module for the RB collects information from the MySQL log-
ging and bookkeeping database containing historical data about the job sub-
missions performed through the RB. The current RB doesn’t support parallel
applications therefore all MPI application tests involving communication across
clusters don’t appear in the RB statistics. CrossGrid is working on extending
the EDG RB to support MPI parallel applications. The tables 4 and 5 show the
usage of both the production and validation RBs. The meaning of each table
row is explained below:

— Total users: number of different user certificates that have been used to
submit jobs through the RB.

— Total jobs sent to the RB: number of job submissions that have been
attempted from user interfaces.

— Total jobs accepted by the RB: number of job submissions that have
been authenticated and accepted by the RB.

— Total jobs with good match: number ofjobs submitted for which the RB
has found testbed resources matching the request. Matchmaking failures can
be caused by jobs requesting unavailable or even inexistent resources.

— Total jobs submitted by JSS: jobs submitted by the RB to grid comput-
ing resources (Gatekeepers) using the Globus GRAM service.

— Total jobs run: number of jobs successfully submitted to grid resources.

— Total jobs done: number of jobs that have finished successfully.

The CE statistics module collects information from the gatekeeper log file in
every testbed CE. The log file is first retrieved and then parsed to reconstruct the
job submission records then web pages with a summary and statistics indexed
per user and IP address are produced for each site.

Table 6 shows the total aggregated usage of the “production” CEs while
table 7 shows the total aggregated usage of the “test and validation” CEs. The
meaning of the CE statistics fields are the following:

— Total job submissions attempted: number of connections attempted to
the gatekeeper TCP port. Unfortunately due to TCP scans this number can
be higher than the actual real job submission attempts.
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Table 4. Production RB usage.

Total users 35
Total jobs sent to the RB 2313
Total jobs accepted by the RB 2168
Total jobs with good match 2010
Total jobs submitted by JSS 1988
Total jobs run 1755
Total jobs done 1207
Table 5. Validation RB usage.
Total users 9
Total jobs sent to the RB 5407
Total jobs accepted by the RB 5396
Total jobs with good match 5178
Total jobs submitted by JSS 5167
Total jobs run 5022
Total jobs done 4976
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— Total ping jobs submitted: number of globus GRAM pings submitted.
These aren’t real jobs, instead they are used to verify whether a specific

globus job-manager is available.

— Total jobs successfully submitted: number of jobs submitted, accepted

and for which a job-manager was started.

The failed jobs are divided into the following four fields:

— LCAS failed jobs: jobs submissions failed due to authorization issues.

~ GSS failed jobs: jobs submissions failed the GSS authentication protocol.

The port scans are included in this error type.
— CRL failed jobs: job submissions failed due to outdated CRLs.

— Jobman failed jobs: jobs submissions failed due to job-manager related

problems such as an inexistent job-manager.

Another important source of information for site administrators is the “host
check” web site at http://www.lip.pt/computing/cg-services/site_check. The

“host check” web pages are produced by a diagnostics tool that verifies the in-
stallation and configuration of the CE and SE systems in the testbed by running
several tests covering: file transfer, job submission, accuracy of the information
published through MDS and the correctness of the relevant system configuration
files. The “host check” web pages are being used to support the deployment of
new sites by providing an automated site verification tool that covers the major-
ity of the configuration issues. This tool has also proved to be extremely valuable
in the testbed quality assurance helping on the monitoring and certification of

new sites.
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Table 8. “Production” CEs aggregated usage.

Total job submissions attempted 39168
Total ping jobs submitted 1496
Total jobs successfully submit- 14353
ted

LCAS failed jobs 411
GSS failed jobs 22071
CRL failed jobs 254
Jobman failed jobs 583

Table 7. “Test and Validation” CEs aggregated usage.

Total job submissions attempted 86913
Total ping jobs submitted 2383
Total jobs successfully submit- 79836
ted

LCAS failed jobs 63
GSS failed jobs 4557
CRL failed jobs 18
Jobman failed jobs 56

9 Software Repository

Regarding the software repository[5, 6], the Savannah software package has been
installed on http://gridportal.fzk.de. Savannah is a web-portal-application based
on Sourceforge. It is based on a MySQL database and php/perl scripts and was
adapted to the CrossGrid specific needs.

The portal provides the central software repository for CrossGrid. Further-
more Mailinglist-Forums, BugTrackers and CVS services are offered for devel-
oper and user communication. The software repository is the official site for
the distribution of CrossGrid developed software. The repository also contains
other user information such as the installation profiles for the several sites and
documentation.

10 Helpdesk

The User Help Desk [5] is the main tool of the User Support Team, this spe-
cific development has been carried taking into account the guidelines for the
unification of the DataGrid and the CrossGrid Helpdesk. The user Help Desk
infrastructure allows all CrossGrid testbed users to get support for encountered
problems or questions and access the CrossGrid user documentation. A user
could be a scientist using the CrossGrid or a local system administrator of a
CrossGrid testbed site. Users can ask all kind of questions related to the Cross-
Grid Testbed, covering issues such as certificates usage, installation and config-
uration, job submission, network security, resource availability, etc. The Help
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Desk Database administrator takes care of the utility and will control the ef-
ficiency of the method trying to improve it whenever possible. The CrossGrid
HelpDesk is a Web based helpdesk system incorporating PHP, Javascript and
MySQL, customized from the OneOrZero initiative. The help desk is oriented
not only to end users but also to developers and system administrators.
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Abstract. In this paper we deal with the problem of secure access to metadata
information in Grid computing environments. The heterogeneity of the eventual
data providers (with different local database management systems) and the
enforcement of security policies for a vast number of potential data consumers
are the two key problems to be solved. We present XSQL, a technology that
solves the heterogeneity problem but lacks adequate security mechanisms for its
use in grid like environments. As a consequence, we propose an advanced have
security infrastructure with the necessary elements to be able to enforce
complex policies based on identity and context information like roles and
groups. The approach presented here results in authorization schemas that need
no additional coding from data providers and, as a result, require little deploy-
ment efforts.

1 Introduction

The European Datagrid project [1] is one of the most ambitious initiatives in the field
of Grid Computing. This project integrates a vast number of particle physics
laboratories in search of new High Energy Physics by analyzing data that will be
obtained from the Large Hadron Collider (the new accelerator under construction at
the European Laboratory for Nuclear Research).

One of the main challenges of this project is the management of the huge amount
of information that must be recorded, reconstructed and analyzed by physicist all over
the world. Some preliminary estimations indicate that each major experiment will
generate an average of 1 Petabyte of information per year that must be distributed
seamlessly and on demand to all participants of a given collaboration in a grid like
infrastructure. This infrastructure, in its current conception consists of regional
centers organized hierarchically (Tiers), according to their computing and data storage
facilities, so that tiers at a given level become data providers for lower level tiers.

Having in mind such an infrastructure, we have already considered in previous
works [2,3,4] the main problems to be solved in the data management arena, namely:
metadata management, efficient data transport, replication management, query
optimization, and security. Particularly interesting is the problem of publishing
metadata in a secure way. It is important to note that metadata publishing is a critical

* Work supported by Generalitat Valenciana ESCUT Project GV01-227.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 78-85, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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issue because of the large volume of information to be processed. Searching for
information would not be feasible by running queries on the original data but it is
rather required that lower volume metadata is generated to achieve efficient
information searching, location, and retrieval. Additionally, doing this in a secure
way is mandatory because integrity and privacy of this type of information must be
maintained in a distributed environment with thousands of users like the Data Grid.

Our paper argues that, given the heterogeneous nature of the Grid, technologies for
integrating heterogeneous local publishing infrastructures are needed. We present
XSQL [5] as a valid candidate for achieving such integration but highlight its security
limitations for use in a grid-like environment. Consequently, we introduce a security
infrastructure that has been designed and implemented to overcome the previous
limitation and is now a key element of the test-bed infrastructure that is in place in
the European Datagrid project. Section 2 describes XSQL as a valid technology for
integrating heterogeneous Database Management Systems (DBMS). Section 3 details
the security limitations of this technology and describes an advanced security
infrastructure for integrating this technology in grid-like environments. Finally,
Section 4 concludes and details some future work.

2  XSQL: A Technology to Integrate Heterogeneous DBMS

XSQL is a framework that allows any person familiar with SQL to create templates
(XSQL pages) to produce XML documents from parametric SQL queries.
Architecturally, this framework is implemented as a Java Servlet[8] running on a Web
server which is compliant with the Java Servlets specification. One important aspect
of this technology is that it is not bound to any specific vendor server-side
infrastructure, e.g. the framework has successfully been tested with the following
platforms: Oracle9i Internet Application Server, Allaire JRun 2.3.3 y 3.0.0, Apache
1.3.9 or higher with JServ 1.0/1.1 or Tomcat 3.1/3.2 Servlet Engine, Apache Tomcat
3.1 o 3.2 Web Server + Servlet Engine, Caucho Resin 1.1, Java Web Server 2.0,
Weblogic 5.1 Web Server, NewAtlanta ServletExec 2.2 and 3.0 for IIS/PWS 4.0,
Oracle8i Lite Web-to-Go Server, Sun JavaServer Web Development Kit (JSWDK)
1.0.1 Webserver.

A basic usage scenario of XSQL in a web server would be as follows (figure 1): a
Web server receives a request of an XSQL page (.xsql extension). The server
recognizes that an XSQL servlet is up and running and forwards the request. The
servlet contains a processor of XSQL pages which is activated. The processor
analyses the contents of the requested page, executes the SQL queries within it,
transform the obtained results into a standard XML format and finally, if required,
applies some XSLT transformations. Finally, the resulting document is returned to the
requesting entity using HTPP as the underlying protocol.

This mechanism may be used in the context of our problem so that each regional
center implements its metadata publishing mechanisms as a collection of XSQL pages
stored on a local Web servers. By doing so, any lower level regional center may
access such information with a standard protocol (HTTP) and obtain it in a standard
format (XML) without having to access the specific services of the local DBMS.
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Fig. 1. Architectural view ofthe XSQL framework (Oracle9i XDK Release 2 9.2)

As a trivial but illustrating example of use of this approach in the context of the
Data Grid project let us consider the following XSQL template:

<?xml version="1.0"7>
<RESULT connection="grid-demo" xmins:xsql="urn:oracle-xsql">
<xsql:query bind-params="key">
SELECT DESCRIPTION, AUTHOR, TITLE, TO_CHAR(DATE,'DD/MON/YYYY') AS DATE,
ALGORITHM
FROM DERIVED_DATA
WHERE KEY =? /* ?is the variable bound to the “key" parameter */
</xsql:query>
<xsql:query bind-params="key">
SELECT MIRROR
FROM MIRROR_SITES
WHERE KEY = ?
</xsql:query>
<I—~More xsgl actions may follow here -->
</RESULT>
would give as a result the following XML document
<?xml version="1.0"?>
<RESULT>
<ROWSET>
<ROW id="1">
<DESCRIPTION> http://data_repository /derived_data.dat</DESCRIPTION>
<AUTHOR> Javier Jaen</AUTHOR>
<TITLE> Callibration derived data </TITLE>
<DATE>08/May/1970</DATE>
<ALGORITHM> http://algorithms_repository /Algorit1.class </ALGORITHM>
</ROW>
</ROWSET>
<ROWSET>
<ROW id="1">
<MIRROR>http:/imirrorsite es/derived_data.dat </MIRROR>
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</ROW>
<ROWid="2">
<MIRROR>http:/imirrorsite. friderived_data.dat </MIRROR>
</ROW>
<ROW id="3">
<MIRROR>http://mirrorsite.de/derived_data.dat </MIRROR>
</ROW>
</ROWSET>
</RESULT>
and this result may be transformed by the server into a more convenient format by
applying a XSLT transformation. For instance, if metadata are represented according
to the Resource Description Framework (RDF) [6] the following XML document
could be obtained :
<rdf:RDF>
<rdf:Description about="http://data_repository/derived_data.dat">
<s:Author>Javier Jaen</s:Author>
<s.Title> Callibration derived data </s:Title>
<s:Date>08/May/1970</s:Date>
<s:Algorithm>
<rdf:subject resource="http:// algorithms_repository /Algorit1.class"/>
</s:Algorithm>
<s:Mirror>
<rdf:Bag>
<rdfli resource="http://mirrorsite.es/derived_data.dat'/>
<rdfli resource="http:/imirrorsite.fr/derived_data.dat"/>
<rdf.li resource="http://mirrorsite de/derived_data.dat"/>
</rdf.Bag>
</s:Mirror>
</rdf:Description>
</rdf:RDF>

3 An Advanced Security Infrastructure

Security in XSQL pages is implemented by explicitly defining connection identifiers
which are internally mapped into database connections. In our previous example, the
presented XSQL page explicitly contained a database connection identifier: “grid-
demo”. However, this mechanism does not scale with the enormous number of users
in a grid environment and is not flexible enough because connection names are bound
statically to XSQL pages. For instance, if different types of users within a virtual
organization would require different privileges or even different database instances
one would need to define as many XSQL pages as groups or have parametric XSQL
pages and force potential users to know in advance their database identifiers.
Fortunately, a more flexible and scalable schema is possible that is based on existing
security mechanisms already in place for Web applications.
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3.1 HTTP over SSL

Since HTTP is the protocol used in our design to reach XSQL pages using standard
URLs, it is easy to see that a straightforward access control mechanism can be
implemented. One could use a secure extension of HTTP to restrict access to XSQL
pages to authorized users only. Such a secure extension is already available and is
widely known as HTTP over Secure Sockets Layer (SSL)[7]. The Secure Sockets
Layer protocol is a protocol layer which may be placed between a reliable connection-
oriented network layer protocol (e.g. TCP/IP) and the application protocol layer (in
our case HTTP). SSL provides for secure communication between client and server
by allowing mutual authentication, the use of digital signatures for integrity, and
encryption for privacy. The protocol is designed to support a range of choices for
specific algorithms used for cryptography, digests, and signatures.

3.2 Security Realms

Using HTTPS forces WEB servers to be modified to include SSL functionality and
certificate management infrastructure in place to issue valid certificates to potential
clients. Besides, it uses the URL scheme https rather than http and a different server
port (by default 443). In those cases where such modifications are not possible, the
use of security realms can be an alternative. A security realm is a mechanism used for
protecting Web application resources. It gives the ability to protect a resource with a
defined security constraint and then define the user roles that can access the protected
resource. An example of a WEB server that has this type of realm functionality built
in is Tomcat. It provides a mechanism so that a collection of usernames, passwords,
and their associated roles can be integrated and used for access control. Tomcat
provides two realm implementations called respectively memory and JDBC realms.
Tomcat’s MemoryRealm class uses an XML file as a repository for roles and user
definitions. A sample memory realm XML file could be:
<tomcat-users>

<user name="tomcat" password="tomcat" roles="tomcat" />

<user name="role1" password="tomcat" roles="role1" />

<user name="both" password="tomcat" roles="tomcat,role1" />
<ftomcat-users>

3.3 An Advanced XSQL Access Control Mechanism

The access control mechanisms described above are definitely valid for implementing
basic level security, however there are some unresolved issues. First, when using
SSL, access control is enforced by inspecting the certificate that the client side
presents during the handshake process. In this case access control policies are defined
in terms of existing fields in the certificate (the validity period, the signing certificate
authority, the distinguished name, etc). These fields can be even extended with X509
v3 extensions and most implementations of SSL provide mechanisms to access such
extensions and implement complex policies. Though this is feasible, this access
control mechanism is not bound to XSQL. This means that complex policies defined
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at the X509 certificate level cannot be propagated into database connections that are

dependent on such policies. This also applies if security realms are used because

information about roles and users defined in a JDBC realm is neither propagated.

Second, even if this information could be propagated, data providers would need to

write code in order to implement group level access policies.

To overcome these disadvantages we need a mechanism that allows for dynamic
generation (not statically bound to XSQL pages) of different types of database
connections and definition of group-level access policies, requires no additional
coding by data providers and, finally, leverages on existing technologies like X509
certificates and Web servers.

These goals can only be achieved if XSQL provides de necessary flexibility and
extensibility so that new authorization mechanisms can be defined. Fortunately, this
is the case because every XSQL page is an XML document consisting of actions that
are internally handled by specific software handlers implemented as Java classes.

Every time an action is found the page processor invokes the associated handler so
that it performs the necessary operations and returns an XML fragment. At the very
end, all the handlers have been invoked and the resulting XML fragments are glued in
order to deliver a final XML document that contains the data obtained after executing
all the actions contained in the XSQL page (see previous section).

Taking benefit of these extensibility feature and assuming X509 certificates as the
mechanism to identify clients, our advanced XSQL access control mechanism would
work as follows (see figure 2):

— The user enters a URL through a browser, which is interpreted and passed to the
XSQL Servlet through a Java Web server. This is based on HTTPS and a client
X509 certificate is requested (as part of the standard SSL handshake process)

—~ The XSQL page processor processes the requested XSQL page by looking for
“Action Elements” from the XSQL namespace. The first action element to be
processed being an authorization action element “<xsql:auth>"

— The page processor invokes the authorization action element handler class to
process the element.

— The handler obtains all the client information from the SSL layer and uses this
information to obtain group and role based information from the authorization
repository.

— The handler also obtains information about security constraints (allowed database
connection types) for the accessed XSQL page based on the group, role, and user
information previously obtained.

— The handler decides whether SQL query execution is allowed or denied for the
accessed XSQL page and dynamically embeds within the XSQL page the
appropriate database connection information.

— The XSQL page processor continues the parsing of the remaining XSQL tags and
the embedded SQL statements are executed with the database connection obtained
from the previous steps.

It is important to note that not only X509 distinguished names but also roles and
group based information is used when retrieving a database connection identifier.
This allows a holder of a given X509 certificate to obtain different database
connections according to this contextual information. Additionally, regular
expressions over distinguished names are also allowed increasing this way the
expressiveness of the enforced authorization policies and enabling scalable systems
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that enforce policies related to a great number of members within a virtual
organization. As an example, one might define the following expression
“/C=CH/O=CERN/OU=Information Technologies/*” to grant access to a given
database instance to all the members belonging to the IT division at CERN. If these
expressions are defined, certificates of requesting clients are matched against them
using the Jakarta ORO matcher [9].

Request+ Certificate
X509

v

N X509 Fields

XSQL Page \

Connection
Identifier

Fig. 2. Data flows and dependencies during authorization process

4 Conclusions and Future Work

In this paper we have dealt with the problem of secure access to metadata information
in Grid computing environments. The heterogeneity of the eventual data providers
(with different local database management systems) and the enforcement of security
policies for a vast number of potential data consumers are the two key problems to be
solved. We have presented a technology that solves the heterogeneity problem but
lacks adequate security mechanisms for its use in grid like environments. As a
consequence, we have designed and implemented the necessary elements to be able to
enforce complex policies based on identity and context information like roles and
groups. The approach presented here results in authorization schemas that need no
additional coding from data providers and, as a result, require little deployment
efforts. Besides, the use of standard protocols (HTTP+SSL) and data representation
formats (XML) allows for further integration of these systems with future Web
Services. We plan to add further functionality to our system like revocation lists and
support additional context information. New standard protocols like SOAP will be
also be supported so that integration of secure Grid metadata repositories with coming
Web Services can be done. Our vision is that in the near future Data Grids will
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become efficient and secure data providers for Web Services and we believe that the
work presented here is a step forward towards such integration.
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Abstract. In this work we describe a high-performance stream-oriented
distributed database manager and query processor under development. It
allows efficient execution of database queries to streamed numerical data
from scientific applications. Very high performance is attained by uti-
lizing many object-relational main-memory database engines connected
through the GRID.

1 Introduction

We are developing a new kind of database manager utilizing the evolving GRID
infrastructure [6] for distributed computations on large data streams. The GRID
Stream Database Manager (GSDM) will have high performance and support for
customizable representation of streamed data in distributed data and compu-
tational servers. The target application area is space physics, in particular the
LOFAR/LOIS project [10-12], whose purpose is to develop a distributed software
space telescope and radar utilizing the GRID. LOFAR/LOIS will produce ex-
tremely large raw data streams by sensor networks receiving signals from space.
Various numerical selection and transformation algorithms are applied on these
streams. The data is delivered to the client workstations for visualization and
other processing in form of streams called beams, with rates of several gigabits
per second [22].

Our approach to meet the demands of the LOFAR/LOIS online applications
for very high performance and extensibility is to develop and utilize a distributed,
main-memory, object-relational, and stream-oriented DBMS running on clus-
ters of computers. We are extending an existing main-memory object-relational
DBMS engine[17] with capabilities for processing distributed streams.

The remainder of the paper is organized as follows. In the next section we
consider the need for and consequences from the stream orientation for the devel-
opment of the system. Section 3 discusses GSDM as a new type of application
for computational GRIDs. An overview of the GSDM system architecture is
presented in section 4, and we summarize in section 5.

* This project has been supported by VINNOVA under contract #2001-06074.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 86-92, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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2 Stream Database Manager

Regular database management systems(DBMSs) store tables of limited sizes
while stream database systems (SDBSs) also deal with on-line streams of unlim-
ited size. The raw data and beams generated by LOFAR/LOIS sensor networks
are typical examples of streams. A lot of research in stream data management
has been done recently [1,2,4,5,9,13,14,20] and the area offers a number of
open research questions. Several important characteristics of data streams make
them different than other data: they are infinite, once a data element has arrived,
it is processed and either archived or deleted, i.e. only a short history is stored in
the database. It is also preferable to process stream data with order-preserving
non-blocking algorithms.

The specifics of the data streams require to consider a data model that allows
streamed data representations and operations over streams to be easily specified.
Examples of stream-oriented data models and query languages are SEQ [19] and
Tribeca [18].

The infinite size imposes a limitation in the stream representation in form of
substreams of a limited size, called windows. Several operations that are specific
for streams are introduced (e.g. resample and drop in [4]), while some traditional
ones need new semantics in the context of stream windows (e.g. join of windows
and moving window aggregates [20]).

Since stream data elements are arriving over time, a natural technique for
querying such data are so called continuous queries(CQs) [21]. CQs are installed
once and run continuously over incoming data elements until they are stopped
explicitly. The presence of long-running CQs increases the importance of DBMS
adaptability which motivates the work presented in [14]. Techniques as approx-
imate query answering, data reduction, and multi-query optimization also gain
greater importance and applicability in the context of stream data query pro-
cessing.

SDBS architectures are proposed in [2, 4]. A related area is distributed net-
works of sensors considered in [1, 13], where a large numbers of small sensors,
most likely power limited, generate relatively simple data at rates much slower
than in our LOFAR/LOIS application. The scientific data streams in our applica-
tion area have high generation rate and contain complex numerical data which
suggest for non-relational stream representations by User-defined Data Types
(UDTs). The continuous queries over LOFAR/LOIS streams contain application-
dependant User-Defined Functions (UDFs) over UDTs.

Most of the SDBSs described in the literature have centralized query pro-
cessing and scheduling where a central node has more or less global information
about the system and makes optimization and scheduling decisions accordingly.
The need for efficient execution of a number of CQs on clusters of GSDMs puts
additional difficulties because of the distribution and parallelism. The archi-
tectural challenges in the design of a distributed stream processing system are
discussed in [3]. In the GSDM system design we have faced and must address
similar problems, e.g., how to distribute the work among the database nodes,
what type of parallelism would give greater advantage for scientific data streams
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with UDFs applied, and how to coordinate the operations from a single pipeline
running on different nodes or even clusters. Therefore algorithms for query opti-
mization and scheduling have to be developed that take into account the specifics
of the distributed GRID environment.

3 A Computational GRIDs Application

We can consider the GSDM project as a new kind of application for compu-
tational GRIDs. Utilization of parallel and distributed GRID environment is
motivated by the following: i)The volume of data produced is too large to fit
in a single main-memory, and therefore suggests data to be distributed among
clusters of main-memories. ii) The very high data flow rate requires very high
performance of insert, delete, and data processing operations.

Different kinds of parallelism can be utilized to achieve high performance.
For very heavy computational operations data partitioning parallelism must be
considered, while for cheaper operations a pipelined form of parallelism might
be useful. The fragmentation strategies for data parallelism are well investigated
for relational databases. Research has been done on data fragmentation prob-
lems in Object-Relational DBMSs that discusses how to achieve efficient parallel
execution of UDFs while preserving their semantics [8,16].

Several projects as Globus [7] and Nordugrid [15] provide tools for build-
ing computational GRID infrastructures. We consider computational GRIDs as
more appropriate for our GSDM than a regular parallel computer because of
dynamics and scalability. Computational GRIDs are a natural extension of par-
allel computers allowing not only greater processing power, but also ability for
dynamic resource allocation and incorporation of new nodes when necessary. For
instance, if a new CQ with high cost UDFs is installed on the GSDM, this may
require staging and starting the database manager on new nodes and scheduling
some query operations on these. The dynamics can also be important character-
istics in an environment where different numbers of data streams are used over
time or the source streams have varying incoming rates. The efficient utilization
of computing resources requires ability to dynamically incorporate new nodes to
the system, and to free them for other users when not needed any more.

Utilization of the computational GRIDs for such a database management
system opens several problems and research questions. Resource management of
the computing nodes is performed typically by a batch system that takes care
of job scheduling, queue placement, and prioritizing. Most of the applications
for computational GRIDs run as batch jobs. The GSDM can be considered as
a persistent job with dynamic resource requirements (increasing and decreasing
over time) and interactive user interface. The DB managers and users must
be provided with ability to install and stop different CQs during a user session
without need to restart the system when some parameter has changed. Therefore,
extensions of the job management systems of computers connected through the
GRID are needed, such that interactive database query jobs are to be permitted.
Working in a GRID environment also raises new security and accessibility issues.
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For example, if a central scheduler is used for scheduling of the CQs, it must be
accessible from all participating nodes, which limits its possible locations and
creates a potential bottleneck. The GRID infrastructure should provide a new
service by which database servers running on different clusters can communicate
with very high performance.

4 GSDM System Overview

Figure 1 illustrates a scenario of applications interacting with the distributed
GSDM system. There are three types of GSDM nodes. The Metadata Manager
is a relatively light-weight server that stores the metadata of the system and in-
teracts with users and applications. It receives GSDM commands and, depending
on their kinds, might start or call other GSDM nodes. The GSDM commands
can be, e.g., registration of a new CQ or a meta-query about the active CQs
running currently in the system.

Appilication Appilication
et cQz
Metadata
Manager
Query Query
Coordinator 1 Working Coordinator 2
Node §
Working
Node 3
> GRID
Working Working Working
Node 1 Node 2 Node 4
4 F .
! Data Beam1 | | Data Beam 2| | Data Beam 3| Legend:
denotes
data flow

Fig. 1. GRID Stream Data Manager Scenario

In the figure there are two applications that have registered to the GSDM two
different continuous queries, CQ1 and CQ2. A CQ can include regular set op-
erators extended with user-defined application-dependent algorithms for stream
filtering, transformation, and fusion. The queries in the example specify joining
and filtering of data from three different data streams, called Data Beam 1,2,
and 3. When the metadata manager receives command to register new CQ it
starts a GSDM Query Coordinator node and delegates the service of the received
continuous query to this node. For better scalability of the system there can be
many coordinators as indicated in the picture where there is one coordinator
node per CQ. The execution of CQs is performed by GSDM Working Nodes
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(WNs). For a given CQ the query compiler of the query coordinator will con-
struct a distributed execution plan to be executed on the working nodes. In the
example, the query coordinator 1 has created an execution plan for CQ1 where
the WN3 joins data streams from Data Beam 1 and 2 through the intermediate
WNI1 and WN2.

The arrows on the fig. 1 denote the data flow between stream sources, GSDM
nodes and applications. The GSDM nodes also exchange control messages which
are not shown to keep the scenario picture simpler.

In the scenario it is assumed that the source streams can access the IP ad-
dresses and deliver data directly to the working nodes 1, 2, and 4. This assump-
tion is important since the target LOIS/LOFAR project produces very large
streams that cannot be managed through a single node. Many computer re-
sources accessible through the GRID infrastructure do not currently satisfy this
requirement. It is desirable to consider such a requirement when new GRID-
enabled computer resources are designed.

In the following we will describe in more details the software architecture of
different GSDM nodes. The metadata manager interacts with the applications
through the application API module. It provides primitives to register, start
and stop monitoring a CQ. In its local database the metadata manager stores
information about the registered and running CQs, coordinators, and working
nodes. This allows the applications and users to ask meta-queries about, e.g.,
the status of CQs running currently in the system.

The query coordinator produces optimized distributed CQ execution plans
by the module CQ Decomposer and Optimizer. When deciding how to assign the
individual operations in the CQ execution plan to working nodes, the coordinator
contacts the metadata manager in order to find out whether there are some other
running CQs whose execution can be utilized by the new plan. In the example
on fig. 1 the Query Coordinator 2 constructs the execution plan for CQ2 that
combines three data beams and finds out that the working node 3 already joins
the data beam 1 and 2 in the way as required in CQ2. The Resource Manager
module in the coordinator can start new GSDM working nodes when necessary
and stop the running ones when the user stops monitoring the correspondent
CQs. In order to allocate new computer resources the resource manager module
needs to cooperate with the resource manager of the cluster.

Figure 2 shows the architecture of a single GSDM working node. The Con-
tinuous Query Manager registers continuous queries sent by the coordinator and
processes them continuously over incoming stream data. The CQs specification
is based on regular database queries and the system internally uses a regular
database Query Executor to execute them on the current stream windows. The
stream data sources are received by the Stream Consumer module. It is a type
of wrapper interface that takes care of data encoding into internal stream rep-
resentation, builds windows of streamed data, controls the data flow, etc. In a
data driven stream processing paradigm, the stream consumer must also open
listening sockets in order to receive streamed data and have a policy to deal
with stream overflow/ underflow. The stream consumer is instantiated for each
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accessed data stream of its kind. A particular stream consumer receives inter-
GSDM streams. Stream consumer module is also needed by the application in
order to receive streamed results. The Continuous Query Producer is a module
that sends the resulting stream of a continuous (sub)query to the application
or to the next working node in the CQ execution plan. The Plug-ins contain
user-defined application-dependant algorithms for signal transformation, filter-
ing, and combining, implemented as conventional programs and dynamically
uploaded into the working nodes that need them.

Cont Query Manager
— ([avery Exceutor] )
Application
Stream
'\ Consumer
Cont Query Cont Query
Producer Producer
Continuous Query Manager
GSDM
Plug-ins Workin
Query Executor b Node 9
Stream Stream Stream
Consumer Consumer Consumer
T T GSTD“ Data
Beam 1 Beam 2
Stream sources

Fig. 2. GSDM Working Node Architecture

5 Summary

We described the GSDM project - a GRID-enabled, main-memory, object-relatio-
nal and stream DBMS. Main-memory, distribution, and query processing provide
high performance, while object-relational functionality provides extensibility ca-
pabilities. We utilize extensibility of an existing main-memory object-relational
DBMS engine to add stream orientation and customized data representations of
scientific data. This achieves flexible and high-performance processing of scien-
tific streams in form of CQs with UDFs. We outlined the distributed architecture
of the GSDM prototype system under development at Uppsala Database Lab
and discussed some of the problems and open research questions that arose in
the development process.
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Abstract. In the paper the architecture for accessing data in the grid
environment, developed for EU CrossGrid Project, is presented. The lo-
cal optimization problems for efficient data access and estimation of data
access time are discussed mainly, while the overall architecture is pro-
posed on the base of collaboration with European Data Grid.

1 Introduction

Existing grid technology can be separated into two major fields, the computa-
tional grids and the data intensive grids. Data grids are in particular interest
at present, since they deal with data which cannot be kept and process locally
due to their high volume and property issues. Separation of the program from
the files it accesses, results in overheads in program development and execution.
Therefore, one of the challenging problems for the grid is the optimization of the
remote data access to the large datasets or databases.

The optimization of the remote data access can be defined as a global opti-
mization and as a local optimization tasks. In the first case the main problem
is to provide a mechanism for allocating the ‘best replica’ of the files that a job
needs. In the second one the optimization of usage of local resources in storage
nodes (i.e. storage elements) is implemented.

The global optimization of data access usually is being achieved by file repli-
cation, which is conceptually simple. However, maintaining an optimal distribu-
tion, with respect to files usage, needs optimization services, which allow con-
structing efficient replica manager and replica catalog tools [1-4]. Beside the
global optimization, the local optimization of usage of storage node resources is
useful, due to different kinds of data and different types of secondary/tertiary
storage systems installed locally.

The purpose of the paper is to present the current state of system architecture
for accessing data in the grid environment, developed for EU CrossGrid Project
[5]. The local optimization problems for efficient data access and estimation of
data access time are discussed mainly, while the overall architecture is proposed
on the base of collaboration with WP2 European Data Grid.

The work is based largely on independent research lead by the authors on
the field of large-scale system architectures aimed at development of an effective

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 93—102, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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and easy to use system architecture for large-scale systems. Due to limitation of
size, this paper does not define all aspects of Component-Expert Architecture,
which were previously described and publicized [6-8]. But it describes specific
implementation issues for grid storage.

Moreover this paper discusses implementation details about data access cost
estimation for grid storage being implemented in EU CrossGrid Project together
with Component-Expert Architecture (CEA). The implementation results are
complement to the architecture and allowed us to verify practical impact of
CEA for real environment.

2 Local Optimization of Data Access

Almost all grid elements, especially storage nodes, are very heterogenous. Each
storage node can have different internal configuration. Among storage nodes
there are secondary storage, like disk drives or disk arrays, and tertiary storage
(like Hierarchical Storage Management, HSM) with automatic tape libraries,
magnetooptical devices, etc. Moreover, the internal state of each Storage Node
can be changed often. The goal of the local optimization is to provide data
stored inside Storage Node in unified way and to estimate data access-factors.
Furthermore, the provided solution have to be flexible, open to the future, and
easy for modifications on demand. For this reason Component Expert Archi-
tecture (CEA) [6,7] has been chosen to develop internal architecture of Storage
Elements. This architecture allows developing high flexible systems in easy way.
The concept of CEA is an extension of the classical component architectures.
It operates on specially prepared components, which are independent modules
realizing some functionality. However, each component in CEA has a description
of its purpose, which is written using a component type and a component spe-
cialization. These elements are made up of a component header. The component
type describes a general purpose of the component, while the component spe-
cialization, which constists of attributes list, provides detailed information about
the most suitable component usage. The components are registered in Expert
Component Management Subsystem (ECMS). For the application cooperating
with CEA the components are accessible via ECMS. However, contrary to the
classical architecture, the application does not know exactly which component
should be used, but it requires selection of the best one from ECMS. The best
component must fulfill two conditions: the same type as specified by the appli-
cation and its specialization that matches to the passed call-environment. The
matching is done by a rule-based expert system, which has built-in rules al-
lowing it to decide which component fulfills the application requirements in the
best way. During selection (deduction) external knowledge bases can be used
to improve the quality of deduction. This multilevel processing of intelligent
component selection makes applications independent from the components and
development of software easier in very heterogeneous systems like grids.
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2.1 CEA in CrossGrid Environment

In Fig. 1 complexity and different Storage Nodes configurations with variety of
devices are shown. Storage Nodes function as the data providers and managers.
To use data effectively, the environment requires estimations of data access la-
tency and bandwidth, measured from the particular storage node internal point
of view. In CrossGrid access factors estimation and data providing is organized
using CEA. (To avoid confusion, the components, which are described in the
previous section and are intended for CEA are called ‘cecomponents’ in the fur-
ther part of this paper.) The main module realizing CEA is Component-Expert
Subsystem (CEXS), which manages cecomponents and decides, using of built-in
expert system, which cecomponent is the best. The decision is based on many
factors but the most important one is similarity of a particular call-environment
to cecomponent specialization. Rules process the call-environment form a request
and try to match the closest cecomponent for the current context (call-env). It is
worth to mention that attributes have different importance. Other components
like GridFTP, Storage Element (STEL), and Data Access Estimator (DAES)
work on each Storage Node and cooperate with CEXS.
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Fig. 1. Sample deployment diagram of access layer architecture.

The component diagram presented in Fig. 2 shows dependencies between
components working on Storage Nodes and outside the environment.

Data Access Estimator provides interface estimating data-access-factors
(bandwidth and latency) for a particular data object. Since it is constructed
according Component-Expert Architecture, estimation is entrusted to one of
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Fig. 2. Connections between access layer components.

the cecomponents with a determined type (in this case type = ‘Estimate’) and
stored in the package ‘Components for Component Expert System’ (see Fig.
2). Selection of the best cecomponent is done by external module CEXS, which
is equivalent of ECMS and Expert System described above. To make proper
selection a call-environment has to be prepared by DAES.

Component-Expert Subsystem provides interface for selecting the best
cecomponent on the call-environment base (ICEXS_ComponentSelection).
Additionally, it provides interfaces allowing administration of rules’ set
(ICEXS_AdminOfComponents) and of cecomponents stored in Component Con-
tainer (ICEXS_AdminOfComponents). CEXS has internally built-in the expert
system, but the rules are stored externally and they can be reloaded on demand.
The rules should be able to extend the call-environments passed by DAES, be-
cause they are usually very simple (consists of the global data object identi-
fier only). The rules can use Storage Element, solely on the global data object
identifier, to obtain: physical data location of the data object, type of storage
keeping the particular data object, data object physical structure, way of com-
munication with data object, etc. Found information is stored in the processed
call-environment, and finally is returned to the caller together with a handle to
the best cecomponent.

Storage Element, among other things, acts as the equivalent of External
Knowledge Base. It keeps and provides all important information about internal
configuration of the storage node. This information can be managed in easy
manner by administrators of each Storage Node.

GridFTP server is used for data serving. In CrossGrid environment, all data
access operations are caught by GridFTP Wrapper, which is CEA-oriented and
it uses cecomponents selected by CEXS.
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2.2 Implementation Issues

To make the discussion more precise, a set of attributes proposed for the first
implementation of CEA is presented. The following set of attributes is used as a
description of the component specialization as well as for the call-environment:

Dat al D

Dat aPhysi cal | D

S or ageType,
Gonnect i onType,
Requi r edThr oughput ,
Dat aType.

SR e NN

All components, briefly described in section 2.1, have been built using C++
language and had been designed using full object oriented architecture. All inter-
faces were developed using SOAP communication protocol, and were generated
using gSOAP tool.

Using rule-based expert system CEXS component decides which cecompo-
nent registered in Components Container is the best. Components Container is
realized by the simple structure based on hash-tables. This structure could be
roughly presented as a simple list of all available cecomponent headers. Virtual-
Component class is used to register the cecomponent header.

RulesContainer

CEXSKernel libMame : CGStringSync
+ruleConts libState : CGintegerSync

T libVer : CGStringSync

+kemn 0.n libraryHandle : void * = null
rulesDynamicLibraryName : CGStringSync
usageCounter : CGintegerSync
+expertSystem [
s |
ExpertSystem |
lastRulesContainer : RulesContainer * +rules
. | 0.n
oo |
P pRule : rulePointer
| ruleMame : CGStringSync
+dedFranes |
0.
DeductionFrame - |
bestComp : VirtualComp &
curRuleCont : RulesContainer* - hearmm ampSel CompaonentsSet
currType : CGStringSync
1 +ccrnpumzrgs
+stgl +r:urrCa\ e VirtualC
STELClent CallEnvironment UID : CGStringSyne

compURL : CGStringSync
type : CGStringSync

Fig. 3. Class Diagram of related to expert system part of CEXS.
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However, effective realization of the expert system requires more sophisti-
cated architecture (a diagram of classes related to the realization of the expert
system is presented in Fig. 3). First of all, developed system should allow to
interchange set of rules on the fly. Secondly, rules are developed independently
from CEXS component. Thus, to fulfill these requirements, all rules are collected
in the dynamic linking library, which contains a set of functions (see Fig. 4).
Each of these functions realize one rule, which operates on data stored in the
passed DeductionFrame object.

CGString Rule2(DeductionFrame* df)

{
if( df->currCallEnv->has_atiribute("DatalD")
&& |(df->currCallEnv-> has_attribute("DataPhysicallD") )) {
action;

}

return “Rule03"; //name of the next rule in the deduction process
}

Fig. 4. Sample function being rule of the expert system.

All rules, written as the functions of the dynamic linking library, are regis-
tered as instances of the Rule class and are gathered by an instance of Rule-
sContainer (see Fig. 3). This RuleContainer is aggregated by ExpertSystem,
the object which has just one instance for the one CEXS component. Selected
model using the dynamic linking library as the container of rules allows in easy
way loading new set of rules on the fly. New loaded rules are registered as new
instances of Rule and RulesContainer classes. The pointer to the last rule con-
tainer keeping the newest rules is stored in the lastRuleContainer field of Expert
System. The old instances of RulesContainer are kept until they are in use, and
the new one is used for new deductions.

Each deduction carried by the ExpertSystem object has own data space real-
ized by DeductionFrame class. Because CEXS is multithreaded, many deduction
frames are allowed in the same time. The expert system carrying deductions
passes to rules a pointer to an appropriate instance of DeductionFrame. Since
in the proposed model rules do not have state, all data are stored in Deaduc-
tionFrame. The goal of deduction is to select the best cecomponent, thus the
rules operate on the set of cecomponents, which in this model is realized by
classes ComponentSet and VirtualComponent. The ComponentSet class at the
beginning of deduction should get information about all registered cecompo-
nents. During deduction rules eliminate not matching cecomponents until it is
clear which one is the best or it is clear that no one fulfils requirements. These
requirements are kept by CallEnvironment class related to DeductionFrame.
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Very important fact is that CallEnvironment could be changed during de-
duction. It helps to increase the quality of cecomponent selection. In CrossGrid
project interesting information could be obtained from STEL component, which
manages whole configuration of the particular storage node. The rules using
STELClient class can easy connect to STEL and get required data. All impor-
tant data should be stored as the attributes of CallEnvironment, which finally is
returned to the client of CEXS, which required cecomponent selection, together
with a handle to the best cecomponent.

3 Data Access Estimation for HSM Systems

Large capacity Storage Nodes usually take advantage of an HSM (Hierarchical
Storage Management) system to economically store their data. These systems
are mainly based on some kind of tertiary storage like tape libraries and optical
jukeboxes. The main idea of HSM systems is to use low-cost, slow media (tapes)
to store less popular data and more expensive, fast access media (hard disk) for
the most popular data. Data can be located on any level of the storage hierarchy.
It causes that the data access time can vary significantly for HSM systems: from
a few seconds to tens of minutes.

In the case of the optimization of data access, a priori knowledge of the
access time to data is essential, i.e., for the Grid data replication system [I,
5], which selects the data location to be used (since data are replicated into
different storage systems located in different places). This will result in more
efficient usage of the Grid resources and will decrease latency times.

The main focus of our study are HSM systems, thus the data access time in
this study is considered as the sum of the startup latency time and the transfer
time ofthe HSM itself, while the network overhead time is not taken into account.

3.1 Implementation for DiskXtender HSM System

The system is based on event driven simulation of the HSM system. It makes
use of the gray-box approach [8] (see also the open approach [9]), in which the
relevant HSM information is accessible via native tools of the HSM system. The
events are generated using knowledge about the HSM system. Two modules,
Monitor and Simulator, are introduced (see Fig.5). They make use of the HSM

HSM System Estimator

databases
@ HSM model

- information
=

Fig. 5. Data access estimation for DiskXtender.

Simulator
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model data, which is a kind of data structure keeping current the HSM system
state, defined by states and characteristics of both media changers and drives,
number of slots and drives for the automated library, request and event queues,
and other elements.

Monitor collects essential information about the current state of the HSM
system for supplying it to Simulator, which — in turn — simulates future state
changes in order to estimate time of arrival for the given file. The Monitor module
also provides Simulator with information about the request queue; it measures
and feedbacks the real access times as well.

In Table 1 the DiskXtender utilities, used to obtain the essential information
about the configuration and the state of the HSM system, are shown.

Table 1. DiskXtender utilities used.

[Utility [Information obtained

diskstats request queue

tsedit file location - on which tape, start block and size
tapestats states of the drives

getfilediskstats|if the file is cached

readmap type of the media

The following configuration files are also scanned at the beginning of the
simulation: Di skXt ender.conf, tape.conf, ioctl.conf and tpdevs [10].

3.2 Experimental Results

The experiments were performed in the ACC CYFRONET-AGH in Cracow.
This site is equipped with the following tertiary storage hardware:

— ATL2640 — automated tape library with 3 DLT7000 drives and 264 Compact
IV DLT tapes,

— ATL7100 — automated tape library with 4 DLT7000 drives and 100 Compact
IV DLT tapes,

— HP660ex — magneto-optical jukebox with 4 Magneto-Optical Disc (MOD)
drives and 128 plates.

The tertiary storage hardware is managed by the DiskXtender HSM software
licensed for 5TB and running in distributed way on two HP9000 servers. The
system is in production and is used by the scientific community in Cracow.

The testing of the system was performed by comparison of the estimated
access time for some randomly chosen files residing on tapes with the real time
of accessing those files. Both latency times are logged by the testing script. The
HSM system was lightly loaded. The files sizes were between 10MB and 100MB.

The results are presented in Table 2). In this table the Estimated Time of
Arrival, ETA, is compared with the Real Time of Arrival, RTA, for a given
request. The relative error is significant for some cases.
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Table 2. Single request tests results for tapes.

Nr|RTA [s]|[ETA [s]|Absolute Error [s]|Relative Error [%)]
0| 180 264 84 47
1| 365 203 162 44
2| 253 234 19 8
3| 181 203 22 12
4| 283 279 4 1
5| 256 204 52 20
6| 286 203 33 29
T 237 238 1 0
8| 278 254 24 9

During the tests we observed that there were high deviations of the mounting
time values, which were supposed to be constant. This is probably because of the
distributed configuration of the DiskXtender instalation in ACC CYFRONET
AGH. The positioning time model also causes errors, because of the ideal tape
model used in this prototype implementation, which does not take into account
the localization of data blocks over a tape. This localization can differ signifi-
cantly depending on the data compression rate and the positions of bad blocks
along the tape. Another reason for the high errors could be the fact that the
drives and robots parameters have been adopted from the vendor specification
without taking into account the software overhead.

The results from the single request tests for files residing on MOD systems,
for which the access time is much easier to predict, showed that the relative error
was usually within the 10% limit.

4 Conclusions and Further Works

In this paper we have focused on “local” data access problems in grid environ-
ment. Described in this work implementation of the CEA resulted in simplifi-
cation of internal structure of software developed for data access handling. The
obtained solution was very flexible, well fitted to heterogenous environment and
easy adaptable for new incoming technologies.

Further progress is based on European DataGrid (EDG) WP2’s Replica Man-
ager [1] and Replica Location Services [3]. Collaboration on specifying web ser-
vice interfaces, cooperation on code development of EDG WP2’s replication soft-
ware (in particular Reptor) is also planned. Extensions of get AccessCost s()
and get Net wor kCost s(), as well as reuse of get Best Fi | e() and get SECost s()
are relevant examples.
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Abstract. The LHC ATLAS experiment at CERN will produce 1.6 PB
of data per year. The High Energy Physics analysis techniques require
that corresponding samples of at least 2 PB of Monte Carlo simulated
data are also required. Currently the Monte Carlo test production is
performed, in steps called Data Challenges. Such production and analy-
sis can be performed in distributed sites. The computing model should
allow for central brokering of jobs and management of huge amounts
of data. The Grid environment is a possible solution. Data Challenges
have to prove reliability and usability of the Grid. Main effort is to use
Grid as ‘yet another job submission system’. Some tentative solutions
are presented and some weaknesses of existing software are pointed out.
Additionally, perspectives of further development and improvements are
indicated.

1 ATLAS Data Challenges

A Toroidal LHC Apparatus (ATLAS) on Large Hadron Collider (LHC) at Euro-
pean Organization for Nuclear Research (CERN) will collect data with 40 MHz
rate, what may result in more then 66 PB of data per year. Neither physics
interests nor capabilities of data storage allow for such production. The data
reduction has to performed in real time of the data collection. The multi-level
trigger system reduces output to interesting events only. This system is under
development. In order to test the trigger algorithms Monte Carlo (MC) samples
comparable in size to real data are required. There are four steps of MC data
production chain (see Fig. 1):

!

generation of events,

simulation of a detector response,
reconstruction,

analysis of reconstructed data.

!

|

The event generation step of processing takes a theoretical model as input which
generates events of various proton-proton interactions providing momenta and
energies of outgoing particles. Programs used for this purpose are called MC

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 103-110, 2004.
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model reality
MC generation
detection
detector simulation Data Acquisition
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Fig. 1. Typical data flow in processing for HEP application.

generators (PYTHIA, JETSET [1], etc.). This generation step does not require
large computing power and a typical output size of an event is several kBytes.

In the simulation of a detector response step the particles are tracked through
the various detector components (particle interaction with matter and with elec-
tromagnetic fields is imitated). The GEANT [2] package is used for this purpose.
As a result the responses from every channel of each sub-detector is given. The
format of the output is identical to the format of data taken from readout elec-
tronics. As a consequence reconstruction and analysis of generated and experi-
mental data are performed in the same way. This step is usually performed once.
Typical output size of an event is 2-3 MB.

The goal of the reconstruction step is to derive parameters of particles tra-
jectories from the detector readout signals. This trajectories extend over several
sub-detectors. This information contains the multiplicity of the event, particles
parameters like energies, momenta, positions etc. The same procedure concerns
both, real detector events and simulated ones. Reconstruction process uses pat-
tern recognition methods like histogramming, Hough transformations [3] and
Kalman’s filters [4]. They are adopted for the particular detector geometry. Re-
construction efficiency achieves more than 90% even in experiments with track
multiplicity as high as several thousands (heavy ions collisions).

The analysis step is specific for particular physical process studied and usu-
ally results in creation of reasonably small data samples. Those are subject of
iterative re-processing.

Presented paper is focused on the detector simulation step. The production
of many (108) events samples of different physics processes overcomes CERN
storage capacity and available CPU. For that reason the whole process is going
to be distributed around the collaborating institutions. The ATLAS experiment
initiated so called Data Challenges (DCs) for software check, validation of the
computing model and data model as well as for production of data samples.
There are several DC steps:

1. DCO test phase. It was run during November - December 2001.
2. DC1 has started in May 2002 and it is divided into 3 phases:
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— Phase 1 - major production run - April - August 2002 [5]
— Phase 2 - generation of data samples for high level trigger studies and
production of the pile-up data
— Phase 3 - reconstruction and analysis of data collected in Phase 2 - the
first half of 2003
3. DC2 -production of 108 samples mainly in OO-databases and large scale
physics analysis using Grid tools, foreseen for 2004.

The data will provide useful information for physics understanding in the ATLAS
detector. Studies of reconstruction algorithms are going to be performed using
simulated data. All efforts are to prepare experimentalists for real data coming
out of detector.

2 The ATLAS Data Processing within Grid Environment

The ATLAS experiment is going to solve its processing needs within the Grid
environment. Before it happens, processing of MC samples can prove reliability
and usability of the Grid for this purpose. Additionally all this exercises can
provide real feedback to the Grid developers and gained experience should be
fruitful for both communities.

First attempts to stress the Grid by ATLAS DCI1 production and analyzes
were performed within European Data Grid (EDG) testbed [6]. They proved the
Grid usability but also pointed out weak points in EDG development. Certain
number of fixes and redesign of some concepts were triggered by this activity.
Also other LHC experiments performed similar tests [7]. In July and August
2002 NorduGrid and three US Grid testbeds participated in test production of
DC1 phase 1 [8].

3 Processing at CYFRONET

3.1 The ZEUS Cluster at CYFRONET

The collaboration of the Henryk Niewodniczanski Institute of Nuclear Physics
PAS in Krakow (INP) and the Academic Computer Center UST (CYFRONET)
(within the CrossGrid project [9]) created cluster which was used for ATLAS
DCs. Currently (February 2003) the cluster consist of homogeneous nodes of Intel
Xeon processors (~ 30 kSI2k in total) and Network Attached Storage (NAS) of
capability of ~ 0.5 TB. Machines are running RedHat Linux and EDG Grid
tools. The cluster configuration is a typical CrossGrid one:

— Computing Element (CE) gatekeeper node,
Storage Element (SE) node,

— Worker Nodes (WN),

— User Interface (UI),

SE disk space visible on each WN (NFS mounted).

i
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Fig. 2. One of 92 sample histograms compared during CYFRONET site validation. Top
plots depict transverse momentum distribution of particles in reference (right side) and
validated (left) samples. Plot at the bottom shows the above distributions normalized
to the same number of events and superimposed.

3.2 Validation of CYFRONET Cluster

The first step of DC is validation of participating site. The procedure ensures that
all computing environments are similar, so they produce exactly the same results
on the same set of input data. Every site is supposed to take validation input
data, produce detector response simulation data and return output to validation
center at CERN. If produced data are statistically identical, site becomes valid
ATLAS DC production site and can take data to process [10]. The validation
procedure is slightly different for each DC phase as production software changes.

The CYFRONET cluster successfully passed the validation procedure for
DCI phase 1 and phase 2. The sample plots from validation data are presented
in figure 2.

3.3 Preparing to the Production

The first step was to prepare set of shell scripts that facilitate jobs submission.
This was based on experience from interactive validation processing. In scripts
development process the main difficulty comes from principle uncertainty im-
posed by the Grid, namely from final CE location. At the beginning the sim-
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plest solution was chosen. Suite of shell scripts performing separated tasks was
developed and tested separately. These tasks were:

— Job environment preparation. Job describing variables were set, necessary
input files were enabled (copied or linked), and some system parameters were
checked (like available disk space).

— Job execution. Software included in EDG ATLAS distribution was used.

— Job termination. Output files were copied to storage. Remaining files were
removed. Log files were saved.

This scenario seemed to be reasonable solution but several weaknesses were
pointed out. Indicated problems were solved before production was initialized
(see section 3.5).

The final solution is following:

1. User selects samples to be processed by editing several fields in production
script. This script will be running on destination computing element.

2. Subsequently user executes developed shell script called produce which up-
loads production script to the SE. Then using gl obus-j ob-subnit starts
processing by submission a number of jobs. Identifiers of sets to be produced
are given as arguments to the produce command. Job IDs with correspond-
ing identifiers are recorded in a file.

3. User queries CE for jobs execution statuses by running another script called
check. The output provides insight in current production state in user
friendly identification manner.

4. The check script allows also standard output and standard error retrieval
after job termination.

The scripts produce and check prove to be quite universal tool.

3.4 Production

The input files to be processed were brought to storage element via FTP transfer
to Ul and then using Globus GSIFTP tool to SE. Files were transfered form
CERN CASTOR tape storage [11].

Input files for simulation are quite small comparing to generated output.
Size of input per one physical event is several tens of kBytes; output event size
is about 3 MB.

A 3 files containing in total 15000 of WH — vugg(mp = 400 GeV) events
was retrieved. Production started using formerly prepared suite of scripts. The
125 output partitions of total size ~ 140 GB were simulated. The output was
copied back to CASTOR.

The Globus has proved its reliability and the submission - inspection - re-
trieval sequence was 100 % operative. Certain obstacles were found. They are
described in following sections and applied solutions are given.
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3.5 Obstacles and Improvements

The difficulties met during DC1 on CYFRONET cluster are listed below together
with tentative solutions allowing to finalize the production. Some suggestions for
Grid sites configuration are also derived.

1. The Globus offers two ways of jobs execution: “submit” and “run” methods.
The missing element in submission was execution script staging. Since this
was very desired functionality the bypass was found. The submitter script
first uploads execution script to SE. After completion Globus submits job
which executes aforementioned script. This solution has obvious limitations
and disallows for real distributed processing, though using gl obus—ur | —copy
might remove this limitation.

2. Another limitation is mere execution progress monitoring. Namely the only
RUNNI NG message is available in Globus during job execution. Required ver-
bosity was achieved via log files generated directly on SE during execution.
Inspection of them allowed progress monitoring, since the jobs could run
even few days. Such treatment of logs appeared to be a remedy for crashing
PBS when standard output and standard error were lost. The jobs with lost
stderr and stdout were candidates for reprocessing since crucial informa-
tions were kept in logs.

3. The special care has to be taken in case of massive production in multipro-
cessor machines or systems sharing working disk space. Unsurprisingly, the
interaction between jobs took place. Namely jobs cleaning disk space after
execution are disturbing each other. The simplest way to avoid this kind of
problems is to set separate working directories for each job.

4. The detector response simulation of 50k events requires about 1GB of input
data. Data amount produced was 130GB (125 files ~1GB each). The transfer
of large files is unreliable via slow network with the use of standard ftp
client-server. Finally the use of bbf t p[12] improved situation. The achieved
speed-up was about 10 times and reliability was dramatically improved.

5. Two modes of input file access were investigated. Namely copying of input
from SE before execution or using symbolic links (in consequence copying
on fly during job execution). The observations are shown in figures 3 and 4.

4 Conclusion and Outlook

The first ATLAS data sets were processed on CYFRONET cluster successfully.
Experience with Globus indicated its functionality and reliability. Several cor-
rections and improvements were discussed. Perspectives are:

1. integration with ATLAS data bases,
2. automatization of output data transfer to CERN,
3. continuation of the production (massive simulation of MC events).
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Fig. 3. Comparison of efficiency of job execution depending on the access mode of
input file: pre-staging (hollow histograms) and on fly copying during execution (hatched
histograms). The plots show number ofjobs vs. consumed time per job. The top rows
corresponds to cluster load by 20 simultaneous jobs. Bottom row - 32 jobs. First column
shows time spent on copying, second - time spent on calculation, third - a cumulative
time.
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Fig. 4. Figures on the left are comparison of system load and network usage during
input provisioning by pre-staging and on fly copying. The spikes from left to right
side correspond to: cp, |In, cp, In, | nexercises. A 20 of jobs were simultaneously
submitted. Figures on the right show difference in network usage in copying (top) and
in pre-staging (bottom). A 32 jobs were running in parallel.

In the further future the following activities are planed:

1. use of EDG brokering abilities,
2. coordination of the production within one ATLAS VO common for the EDG

and the CrossGrid.
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A few missing features in the existing Grid software can be relatively eas-

ily mimicked by scripting. Though, in authors opinion, few improvements in
the Grid configuration and software functionality would give more reliable and
efficient environment. The proposed changes are listed below:

— the UI can be equipped with GSIFTP service with custom mapping between

user login and user certificate, allowing user for direct access to her/his files
from jobs running in the Grid.

— the resource brokers can be instantiated locally to handle local jobs traffic,
— a way for some inspection or even interaction with jobs during their execution

in the Grid should be added to a software.
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Abstract. Grid computing constitutes one of the most important computing para-
digms appeared in the last decade. Data grids are grid system, whose main concern
is the efficient and reliable management of data. These systems have had a growing
interest due to the increasing number of applications using a huge amount of data,
known as data-intensive applications. They present problems related to both grid
systems and I/O systems. This paper describes MAPFS-Grid, aflexibleand high-
performance platform for data grid applications.

1 Introduction

I/O system constitutes a bottleneck in most of the current computing systems, due to
its poor performance. The usage of parallel file systems is one of the most widely used
alternative for avoiding this problem, traditionally known as I/O crisis.

Because of the improvements in hardware and, moreover, the decreasing prices of
computer components, clusters have become an appropriate alternative in parallel and
distributed computing. Nevertheless, the high demand of both computation and storage,
needed by a great number of applications, which manage a huge amount of data, requires
the usage of new technologies, such as grid computing.

Grid computing becomes one of the most important computing paradigms appeared
in the last decade. This kind of computing allows applications to use low-load periods of
all the nodes connected to a high-speed network. Unlike a conventional cluster, a high-
performance grid infrastructure involves a heterogenous set of computing nodes, situated
in different locations, and using different structures and policies. Grid technology allows
hard-computing problems demanding huge storage facilities to be solved in an efficient
way. In fact, one of the major goals of grid computing is to provide an efficient access
to data, being data-intensive grid applications (or data grids, in short) one of the most
relevant grid architectures [6]. Data-intensive applications usually make use of data
management systems, by means of data mining and data warehousing techniques or
other information management algorithms, which require efficient information retrieval
capacities and a global and broad storage space. A data grid can fulfill the needs of these
environments.

This paper presents MAPFS-Grid, a multiagent architecture, based on MAPFS [12],
whose main goal is the deployment of MAPFS capabilities in a grid environment.

The outline of this paper is as follows. Section 2 describes the role of I/O access in grid
computing. Section 3 presents MAPFS-Grid as a flexible infrastructure for data-intensive

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 111-118, 2004.
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grid applications. Section 4 describes MAPFS-Grid architecture. Section 5 describes
how MAPFS-Grid can interact with other data grid infrastructures. Section 6 shows the
results obtained for the evaluation of applications using MAPFS in a grid environment.
Section 7 shows the related work. Finally, section 8 summarizes our conclusions and
suggests further future work.

2 The Role of I/0 Access in Grid Computing

Nowadays, there are a huge number of applications creating and operating on large
amounts of data, e.g. data mining systems extracting knowledge from large volumes of
data. Existing data-intensive applications have been used in several domains, such as
physics, climate modeling, biology or visualization.

As we mentioned previously, data-intensive grid applications try to tackle the prob-
lems originated by the needs of a performance-full I/O system in a grid infrastructure. In
these architectures, data sources are distributed among different nodes. Also, a typical
data grid requires access to terabyte or higher sizes datasets. For example, high-energy
physics may generate terabytes of data in a single experiment. Accesses to data repos-
itories must be made in an efficient way, in order to increase the performance of the
applications used in the grid. Furthermore, data-intensive grid applications have several
functional requirements and access patterns.

Currently, there are different systems that offer services to access resources in a data
grid. Accessing heterogeneous resources with interfaces and different functionalities is
solved, in most of the cases, by means of new services that offer a uniform access to
different types of systems. Examples of this kind of systems are Storage Resource Broker
(SRB) [1], DataCutter [3], DPSS [16], and BLUNT [9]. All these systems use replication
to improve the I/O performance and reliability.

In any case, the /O system must be flexible enough to match data-intensive appli-
cations demands. The usage of hints, caching and prefetching policies or different data
distribution configurations can reduce latency and increase I/O operations performance.

3 MAPFS-Grid Features

As we mentioned previously, a key feature of data grids infrastructures is the flexibility.
MAPFS is a multiagent architecture, which provides this property mainly by means of
three approaches:

1. System topology configuration: Ability to change system topology, setting the /O
nodes and their relationships. This feature is achieved by means of storage groups.

2. Access pattern specification: Although MAPFS is a general purpose I/O system,
it can be configured in order to adapt to different I/O access patterns. The main
configuration parameters of the MAPFS system are: (i) I/O caching and prefetching,
approaches that increases the I/O operations efficiency, because of the optimal usage
of disk caches, and (ii) usage of hints on future access patterns. MAPFS offers an
independent API, different from the I/O operations API, which allows applications
to configure the access patterns, which are translated to hints by the I/O system. All
these features can be configured through the usage of control user operations.
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3. Thereare differentreasons to allow some functionalities (such as caching orprefetch-
ing) to run in parallel on different nodes and even in data servers. Moving executions
to data servers may reduce network latency and traffic. The agent technology is a
suitable framework for integrating these functions in the storage system, because of
its adaptability to different domains and the agents autonomy.

MAPFS-Grid takes advantage of all these features with the aim ofbuilding a flexible
and powerful infrastructure for data grids.

3.1 MAPFS-Grid Storage Groups

A storage group is defined in MAPFS as a set of servers clustered as groups. These
groups take the role of data repositories. These groups can be built applying several
policies, trying to optimize accesses to storage groups. Some significant policies are:

— Grouping by server proximity: Storage groups are built based on the physical distri-
bution of data servers. Storage groups are composed of servers in close proximity to
each other. This policy optimizes the queries addressed to a storage group because
of the similar latency of messages sent to servers.

— Grouping by server similarity: Storage groups are composed of servers with similar
processing capacity. This policy classifies storage groups in different categories,
depending on their computational and I/O power.

The system topology can be changed dynamically. In this case, data must be recon-
structed, degrading the performance of the I/0 system. In order to avoid data reconstruc-
tion, MAPFS defines two types of storage groups, main storage groups and secondary
groups, which form a lattice structure between them [14]. This approach postpones data
reconstruction until the system schedules a defragmentation operation, which is used
for deleting secondary groups and simplifying the storage system description.

3.2 Applications Access Pattern Specifications in MAPFS-Grid

Hints are structures known and built by the I/O system, which are used for improving
the read and write operations performance. MAPFS uses these hints to access data. For
example, storage systems using hints may provide greater performance since they use
this information to decrease cache faults and to prefetch data most probably used in next
executions. In other words, the more information it has been used, the less uncertainty
in the future access guesses and, therefore, the better prefetching and caching results.
In MAPFS, hints can be obtained in two ways: (i) given by the user, that is, the user
application provides the necessary specifications to I/O system, and (ii) built by the
multiagent subsystem. Ifthis option is selected, the multiagent system must analyze the
access pattern of the applications in order to build hints for improving data access. This
feature can be achieved using statistical methods or historical logs.

If hints are provided by the user application, it is necessary for the system to provide
syntactic rules for setting the system parameters, which configure the I/O system. On
the other hand, if the multiagent subsystem creates the hints, it is also necessary to store
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them in a predefined way. In any case, lexical and syntactic rules must be introduced in
the system.

The system is configured through several operations, which are independent of the
1/O operations, although these last ones use the former operations. The configuration
operations are divided into: (i) Hints Setting Operations, operations for establishing the
hints of the system (they can set and get the values of the different fields of the hints),
and (ii) Control User Operations, higher level operations that can be used directly by the
user applications to manage system performance.

We refer the reader to [13] for a more detailed description of this interface.

3.3 MAPFS-Grid Agents Hierarchy

MAPFS uses an agent hierarchy, which solves the information retrieval problem in a
transparent and efficient way. The taxonomy ofagents used in MAPFS is composed of:

— Extractor agents: They are responsible for information retrieval, invoking parallel
1/O operations.

— Distributor agents: They distribute the workload to the extractor agents. These agents
are placed at the higher level of the agents hierarchy.

— Caching and prefetching agents: They are associated with one or more extractor
agents, caching or prefetching their data.

—~ Hints agents: They must study applications access patterns to build hints for im-
proving data access.

4 MAPFS-Grid Architecture

MAPEFS file system uses as underlying hardware infrastructure a cluster of workstations
[12]. Clusters are, in some sense, the predecessors of the grid technology.

Supercomputers have been replaced by clusters of workstations in a huge number
of research projects. A relevant sample of this fact is the evolution of particle physics
computation in CERN (European Organisation for Nuclear Research). Experiments over
its previous LEP accelerator were made in IBM and CRAY supercomputers. In the early
1990’s, the experimentation environment was replaced by tens of RISC processors. In
the late 1900’s, clusters of hundreds of Linux PCs were used in the accelerator. The
new LHC accelerator will be used by 2007. This accelerator demands new solutions,
since it has to manage several petabytes of data. 200,000 interconnected nodes are
said to be necessary for the LHC accelerator, which arises both financial and technical
difficulties. The solution involves resource sharing of a huge number of geographical
distributed institutions, by means of grid computing. Analogously, MAPFS has modified
its architecture aiming at the achievement of the grid computing advantages.

MAPES is based on a client-server architecture using general purpose servers, pro-
viding all the MAPFS management tasks as specialized clients. In the first prototype,
we use NFS servers. NFS has been ported to different operating systems and machine
platforms and is widely used by many servers worldwide. Therefore, it is very easy to
add new data repositories to the data grid infrastructure. The only requirement of these
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data servers is to use NFS and export a directory tree to data grid users. Data is distributed
through the servers belonging to a storage group, using a stripe unit.

On the client-side, it is necessary to install MAPFS client, which provides a parallel
I/O interface to the servers. This module is implemented with MPI (Message Passing In-
terface)[10], the standard message passing interface, widely used in parallel computing.
MPI allows different processes to run in parallel over MAPFS. Nevertheless, this tech-
nique is not suitable for the dynamic interconnection of heterogeneous nodes, because
MPI is a static solution, which must know a priori the IP address of all the nodes of the
topology. Thus, MAPFS-Grid requires grid technology, interoperable with MPI, because
MAPES is based on this interface. In order to fulfill these requirements, MAPFS-Grid
uses MPICH-G2 [4], such as described in next section.

5 Interoperability with Other Grid Architectures

One of the major goals of a data grid infrastructure is to provide access to a huge
number of heterogeneous data sources. In this sense, it is important that MAPFS-Grid
can interoperate with other grid architectures, giving access to their data repositories.
Because MAPEFS is implemented with MPI, its integration with other grid infrastructures
isrelatively simple, using MPICH-G2, a grid-enabled implementation ofthe MPI, which
makes possible running MPI programs across multiple computers at different sites.

Applications can use MAPFS-Grid together with other grid architectures. In this
case, it is possible to extend storage groups with other nodes accessible through the
Globus services. Concretely, the Global Access Secondary Storage (GASS) service [2]
is used in order to stage programs to remote machines and to support efficient communi-
cation in dynamic grid environments. The integration between MAPFS and GASS is not
redundant, because GASS does not provide the full functionality ofa parallel file system.
MAPES provides a rich parallel interface, which can be used in wide area computing
with the aid of GASS and other Globus services.

6 MAPFS-Grid Evaluation

In our implementation, we need to evaluate the performance of: (i) storage groups,
(i) control user operations, and (iii) multiagent subsystem.

In order to measure the performance of the first aspect, experiments were run in two
different storage groups, which use the server similarity grouping policy, because ofthe
technical differences of both groups. The first storage group (G'1) is composed of four
nodes Athlon 650MHz, with 256 MB of RAM memory, connected by a Gigabit network.
The second storage group (G2) has six nodes Intel Xeon 2.40GHz, with 1GB of RAM
memory with a Gigabit network. The storage group G provides better performance.
However, the storage group G offers bigger storage capacity. These two storage groups
constitutes a possible topology of our data grid. Our experiment consists in a process
per node running a multiplication of two matrices, where the matrices are stored in the
grid, using MAPFS-Grid as underlying platform. The resultant matrix is also stored in
a distributed fashion. A prefetching multiagent subsystem is used, which is responsible
for prefetching rows and columns of the matrices. In this case, hints provided by the
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applications are the indexes of the matrix row and the matrix column of the element
calculated in every iteration. It is possible to prefetch data to be used later in the execu-
tions, using this information. The multiagent subsystem obtains optimum values for the
prefetching phase. In this way, we evaluate the usage of control user operations and the
performance of the multiagent subsystem.

This experiment was compared to another one, which consists in multiplying the
same matrices stored in the local disk through the usage of a traditional I/O system. The
size of the matrices is 100 MB.

Figure 1 shows the speedup of the MAPFS solution for the group G versus local
solution, varying the access size used in the I/O operations. As can be seen, the speedup
is very close to the maximum speedup. Figure 2 represents the execution time of the
groups G y G2 for the matrix multiplication. As we previously mentioned, the storage
group G4 provides better results, although the storage group Gy provides higher storage
capacity. The usage of different policies in MAPFS-Grid allows applications to take
advantage of the flexibility of this infrastructure, depending on their current needs.
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Fig. 1. Speedup of the MAPFS-Grid solution (group G1) versus Local solution.
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Fig. 2. Comparison between different storage groups.
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7 Related Work

Grid technology provides a framework in which heterogeneous and distributed com-
puting resources can be shared among several organizations and institutions, through
high-speed networks, with the aim of solving high-cost and data-intensive problems.
Foster et al. [5] compares grid technology to electrical power grid, in the sense that a
user must be able to use computational resources in the same way than electrical power,
that is, everywhere, with a reliable service, and having an acceptable cost.

Distributed scientific applications running in a high-speed network of 17 USA re-
search centers were shown in SuperComputing’95 congress. This demonstration consti-
tuted the starting poing of several research projects related to the distributed resource-
sharing. One of the first grid projects was the NASA Information Power Grid (IPG),
which allows NASA resources to be integrated and managed.

Grid owns a de facto standard, knows as Globus. Globus [7] provides a software
infrastructure, which includes basic protocols and services for grid applications.

Additionally, several researchers and commercial companies are investigating topics
related to data-intensive grids and I/O systems used in computational grids. The problems
tackled by these research lines are similar to those discussed in this paper. Armada
[11] is a framework that allows grid applications to access datasets distributed across
a computational grid. Applications combine modules called ships into graphs called
armadas.

The Remote I/O (RIO) library [8] is a tool for accessing to files located on remote
file systems. RIO follows the MPI-IO interface. MAPFS also provides this feature.

Kangaroo [15] belongs to the Condor grid project and it is a reliable data move-
ment system that keep applications running. Kangaroo service continues to perform I/O
operations even if the process that initiated these requests fails.

Legion is an object-oriented infrastructure used in distributed computing. LegionFS
[17] provides UNIX-style I/O operations, using Legion services such as naming or
security. Unlike LegionFS, MAPFS provides a rich parallel I/O interface.

MAPFS-Grid allows applications to access remote data in an efficient way, making
possible access to storage groups belonging to other data grids, by means of the usage
of MPICH-G. Furthermore, data access patterns configuration provides flexibility to
applications using MAPFS-Grid. This last characteristic is different from the rest of the
systems previously described.

8 Conclusions and Future Work

In this work we have presented MAPFS-Grid as an extension of the MAPFS I/O ar-
chitecture for data-intensive grid applications. MAPFS-Grid constitutes a new data grid
infrastructure, which provides flexibility and dynamic reconfiguration to applications
mainly by means of three approaches: (i) storage groups, (ii) access patterns specifi-
cations, and (ii) a multiagent subsystem responsible of running specific functionalities.
These features have been evaluated through the implementation of a scientific applica-
tion, achieving a speedup very close to the maximum one.

As future work, it would be interesting to evaluate the performance of the system
with other topologies and other kind of applications.
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Abstract. Stripping techniques combined with an adequate replication
policy across the Grid offer the possibility to improve significatively data
access and processing times, while eliminating the need for local data
mirroring, so saving significatively on storage costs. First results on a
local cluster following a simple strategy are presented.

1 Introduction

Data Grids do demand new techniques for optimizing large distributed data
volumes access and processing. At the same time, replication techniques should
assure the absence of a single point of failure. Addressing the first point is pos-
sible employing complete true data-stripping techniques. An intelligent use in
combination with the replica mechanism, resembling the RAID-1 scheme, and
in fact replacing it for local redundancy, can solve the problem.

Large Data Volumes (with typical size of several Terabytes) will be processed
in Data Grids. In general, the processing will require the definition of a filter,
returning a given data subset. Data-mining techniques will usually operate on
the result of this first filter, more or less complex, and could define additional
filters [1].

Flexible software-only storage appliances designed to meet the storage needs
in a Grid aware environment [3], can be integrated in the framework proposed,
replacing the use of Resilient Server Facilities (like those based on RSF-1 [2]).

2 Data Stripping and Optimization
of Data Access and Processing

As indicated before, optimization of data access requires distributed techniques,
and one expects a distribution of a given dataset in a given number of subsets,
to be stored and then accessed from a given number of storage nodes, and then
processed at a given number of distributed working nodes. Optimization of Data
Processing requires so a good data balancing, that, moreover, must be preserved
in what possible after the application of filters.

Let’s give an example based on our experience processing the data from the
DELPHI experiment [4] in the LEP accelerator at the CERN laboratory based
in Geneva. The data used in a physics analysis for the search of the Higgs boson
(referred as the Hqq sample) corresponds to about 12 GB of real data, and
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132 GB of simulated events, these including 60 GB of four-fermion events, 60
GB of gcd background, and 12 GB of Higgs signal. Note that these different
background sources are reflected in the so-called “topology” of the events: gcd
background events have a cigar-like shape, in terms of energy distribution, while
four-fermion events are more spherical.

After the pre-selection of generic four-jet events, the sample is divided in
around 3000 files with similar size, where 1200 correspond to the simulation of
gcd background, a similar number of files to the simulation of four-fermion, and
only 300 to the Higss signal and a similar number for the real data.

Distributed across 20 node resources, each node would have to “process”
about 6 GB of data,corresponding to 60 files of gcd background, a similar num-
ber for four-fermion background, and only 15 files for real data itself and the
generated Higgs signal. Any division of the data across the nodes would make
sense if all the data is used all the time. But this is not the usual case. If for
example we decide to apply a first filter, the resulting sample could be dis-
tributed in a completely unbalanced way. For example just asking for high event
sphericity, the gcd background could be reduced by 90%, while the four-fermion
background could be reduced by 20% only: 6 nodes assigned for processing QCD
would now handle only 6 GB in total, i.e., 1 GB each, while 6 nodes assigned to
four-fermion MC will have to process more than 6 GB each. The total time for
processing will be penalized by this unbalance, by a factor worse than 5.

The solution to this problem is the application of a total stripping technique:
datasets should be uniformly spread across the available storage nodes. In our
case, each node will have about 7 GB of data, but the composition will be the
same for all: 3 GB qcd, 3 GB four-fermion, and less than 1 GB for signal, and
real data.

3 Implementation: RAID-1 across the Grid

This stripping has to be defined in first instance by the corresponding Virtual
Organization. To fulfil the request of no single point of failure, data has to be
made redundant in the grid. Following the RAID model for local storage, we
propose a RAID-1 like mechanism across the grid: each dataset in a local disk
should have at least a mirror replica somewhere outside the local site. This
means that, if the network is fast enough, no local redundancy is needed, and
in particular the use of local disks can be optimized with no need for RAID-1
or higher , and fast and efficient RAID-0 can be used. When a local disk fails,
the system should recover using the replica located not locally, but across the
grid. This means a reduction of about 40% in local disk cost, but requires the
development and maintenance of this “RAID” service at the grid infrastructure
level.

A typical configuration is the “mirror” one. Assume two groups are collabo-
rating in a given data analysis. After defining the dataset, they strip this volume
to each local cluster. Following the previous example, the same dataset would
be installed in stripped way at each of the two sites. If one of the sites fails, its
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information can be recovered from the other one, so the site doesn’t need any
RAID-1 configuration, but redundancy is preserved.

In this paper we describe the results using two clusters, each with 20 nodes,
linked across a fast-ethernet connection, where a manual RAID service has been
implemented. Also the experience regarding the manual recovery from the failure
of a single RAID-0 IDE server is described, and compared to the alternative of
a RAID-1 IDE data server.

The difference in processing time comparing the stripped and non-stripped
option for the samples indicated above is reported.

The multi-site strategy should be optimized depending on the resources lo-
cation and their availability, and will be the subject of future papers.

4 First Results

The Santander Grid Wall, a cluster with 80 nodes each one being an IBM X220
server dual PIII-1.26 GHz processor with 640 MB RAM and 36 GB SCSI and
60 GB IDE disks, connected via fast-ethernet to three 3Com 24-port gigabit
stacked switches, has been used in the test. Figure 1 shows this setup.

Typical write speeds are 20 MB/s on the IDE disk, and around 50 MB/s
for the SCSI one. These speeds should be compared to the single fast-ethernet
speed, close to 10 MB/s.
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Fig. 1. The Santander GridWall cluster.
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The test, using the data previously described, included the installation of
this four-jet dataset, the recovery of the info in a node, and the recovery of the
whole site data.

Figure 2 shows the different disk configurations used in these tests.

DISK no RAID DISK SERVER RAID

DISK no RAID DISK no RAID

(Subsel 7]

3,...,19, i

Fig. 2. Disk configurations used in the tests.

The first test involved the complete stripping process on the previous com-
plete dataset, from a disk server into a set of 20 cluster nodes. The disk server
was built on top of an IBM X235 server with a Xeon 2.0 GHz processor and 512
MB RAM, using a RAID-0 IDE configuration with a 3Ware-12-7500 controller
and 8 x 120 GB IDE disks. It also includes a Gigabit network connection.

The stripping process was found to be limited by the fast ethernet network
connection, and took 214 minutes. Similar results were obtained using either the
scp command, or grid-ftp. It was also found that compression poses a significative
charge on the sever.

The second test was oriented to site recovery. The mirroring strategy tested is
based on “stripping” on top of “stripping”: strip the data on each local node into
several nodes in the remote site, to minimize future remote site nodes overhead
during the recovery process. On failure of a local node, the idea is to recover
from remote site nodes on available local site nodes, if possible, or keep/migrate
to remote site use if not possible. Recovery can be completed later when the
local node is back.

In this context, the recovery of a 60 GB IDE disk from the remote cluster
was tested. Speed was limited again by fast-ethernet connection. the recovery
took 104 minutes.
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5 Conclusions and Future Work

Stripping techniques combined with an adequate replication policy across the
Grid offers the possibility to improve significatively data access and processing
times, while eliminating the need for local data mirroring, so saving significa-
tively on storage costs.

Tests on a local cluster with fast ethernet network connections for each node
show that recovery of an IDE lost disk was limited by the available network
bandwidth. To overcome this limitation, tests with Gigabit ethernet connection
will be conducted, expecting to push the limit to the actual disk write speed.

Future tests in a real distributed Grid environment will show if explicit QoS
mechanisms are needed to make this technique fast and reliable enough, on top
of the new Géant network infrastructure.

References

1. for an example see the contribution to this conference from D.Rodriguez et al.:
Interactive Distributed Data Access in a Grid Environment.

2. See http://www.starfiretechnology.com/products/hac/rsf1.html Testbed Extension
and Site Status, EU-CrossGrid IST-2001-32243, Feb 2003

3. John Bent, Venkateshwaran Venkataramani, Nick LeRoy, Alain Roy, Joseph Stan-
ley, Andrea C. Arpaci Dusseau, Remzi H. Arpaci-Dusseau, Miron Livny Flexibil-
ity, Manageability, and Performance in a Grid Storage Appliance Proceedings of the
Eleventh IEEE Symposium on High Performance Distributed Computing Edinburgh,
Scotland, July 2002. Available from http://www.cs.wisc.edu/condor/nest/

4. For a short description of the DELPHI experiment, and in particular the search for
the Higgs boson at LEP see: Search for the standard model Higgs boson at LEP in
the year 2000. by DELPHI Collaboration, Phys.Lett.B499:23-37,2001



A Parallel I/0 Middleware
to Integrate Heterogeneous Storage Resources on Grids

José M. Pérez Menor, Félix Garcia, Jesus Carretero, Alejandro Calderon,
Javier Fernandez, and José Daniel Garcia

Computer Architecture Group, Computer Science Department,
Universidad Carlos III de Madrid, Leganes, Madrid, Spain
{jmperez, fgarcia} @rcos.inf.uc3mes

http://www. arcos.inf.uc3mes

Abstract. The philosophy behind grid is to use idle resources to achieve a higher
level of computational services (computation, storage, etc). Existing data grids
solutions are based in new servers, specific APIs and protocols, however this
approach is not a realistic solution for enterprises and universities, because this
supposes the deployment of new data servers across the company. This paper de-
scribes a new approach to data access in computational grids. This approach is
called GridExpand, a parallel I/O middleware that integrates heterogeneous data
storage resources in grids. The proposed grid solution integrates available data net-
work solutions (NFS, CIFS, WebDAV) and makes possible the access to a global
grid file system. Our solution differs from others because it does not need the in-
stallation of new data servers with new protocols. Most of the data grid solutions
use replication as the way to obtain high performance. Replication, however, in-
troduce consistency problem for many collaborative applications, and sometimes
requires the usage of lots of resources. To obtain high performance, we apply the
parallel /O techniques used in parallel file systems.

Keywords: Data Grids, Parallel I/O, data declustering, High performance 1/O.

1 Introduction

Currently there is a great interest in the grid computing concept. Usually this concept
denotes a distributed computational infrastructure in the field of the engineering and
advanced science [8]. A grid is composed by geographically sparse resources that join
to form a virtual computer. The resources (computers, networks, storage devices, etc)
that define the grid are heterogeneous and reside in differentiated domains. This kind of
systems differ from other distributed environments as clusters or local area networks in
several aspects:

1. They are located in several administration domains.

2. The communication network used is Internet. This feature allows to build a grid
with resources placed, for example, in Europe, America or Asia.

3. The different resources of the grid have a high degree of heterogeneity and must be
accessible from any other part of the grid.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 124-131, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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4. The grid must be transparent to the users. They should not know where their programs
are being executed or their data are being stored.

Most of the advances that have been developed in grid computing have been centered
on exploiting grid computational resources from the process point of view, taking apart
the storage point of view. Nevertheless, for many applications, the access to distributed
information (DataGrid) is as important as the access to processing resources; since the
majority of the scientific and engineering applications need the access to big volumes
of data in a efficient way. Other times the information generated by the applications
exceeds the capacity of local storage resources, and the data generated must be stored in
remote storage devices. To accomplish this goals several systems have been developed,
but usually they are difficult to use, require specific data servers and do not exploit all the
storage resources in an efficient way. In this paper we present a parallel I/O middleware
for grids, called GridExpand, that integrates existing servers using protocols like NFS,
CIFS or WebDav[17], without need complex installations, and that facilitates the devel-
opment of applications by integrating heterogeneous grid-resources under homogeneous
and well known interfaces like POSIX and MPI-IO. This system apply the parallel I/O
techniques used in most of parallel file systems to grids environments.

The rest of the paper is organized as follows: Section 2 describes the related work
performed in the storage aspect on grids and other distributed systems. Section 3 presents
the design ofthe data grid architecture proposed. Section 4 shows some evaluation results.
Finally, Section 5 presents some conclusions and the future work.

2 Related Work

The efforts developed in the access to distributed data in grids are based on the creation
of new services for the access to big volumes of information and specialized interfaces
for grid. Examples of this systems are: Globus [16], Storage Resource Broker (SRB) [1],
DataCutter [2], DPSS [15], and MOCHA [10]. These solutions are not suitable for the
integration of the available storage data servers (NFS servers, CIFS, HTTP-WebDAV,
etc), and they forces the users to learn new APIs, install new servers, and modify or
adapt their applications. On the other hand, the solutions developed use the replication
as the way to obtain high performance accesses to data, bringing data near the clients that
use them. This solution supposes that applications do not modify the data that they use
[6], The use of replication originates two main problems: it supposes an intensive use of
resources, not only in storage, but also in management. Furthermore, it is not appropriated
for applications that modify the same set of information, because some resources must be
used in collaborative environments. A way to improve the performance of I/0, specially
in distributed systems is parallel I/O. The usage of parallel filesystems and parallel 1/O
libraries have been studied in a great number of systems and platforms: Vesta [7], PIOUS
[11], ParFiSys [5], Galley [12], PVFS [4], Armada [13]. Most of those systems use a
special file server, but in heterogeneous systems as grids this is not always possible. The
work presented in this abstract uses the ideas proposed in the Expand parallel file system
[9] [3] that relies on the usage of several NFS file servers in parallel.
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3 GridExpand Design

To solve the problems previously addressed, the authors have defined a new data grid
approach that integrates all available data storage servers and applies parallel 1/O tech-
niques to them. This architecture is called GridExpand and it is based on the effective
integration of existing protocols, services and existing solutions.

The idea is to provide a parallel /O middleware that allows to integrate the existing
heterogeneous resources from the point of view of the client without needing to create
or to install new servers, and using existing APIs, like POSIX or MPI-IO. Integrating
multiple resources and using parallel I/O techniques allow to increase the performance
and storage capacity of the system.

The GridExpand architecture is presented in Figure 1. This architecture allows the
usage of several heterogeneous clusters to define parallel distributed partitions, where
data are striped. The servers used to store the data are traditional storage servers as NFS,
CIFS or WebDav. GridExpand uses the available protocols in a network to communicate
with the data servers without needing specialized servers. Using the former approach
offers several advantages:

1. No changes to the servers are required. All aspects of GridExpand operations are
implemented on the clients. For example: for NFS we use RPC and the NFS protocol,
for CIFS we use TCP/IP and the SMB protocol, and for HTTP-WebDav we use
TCP/IP and the HTTP protocol with the WebDAYV Distributed Authoring Protocol.

2. The parallel I/O middleware construction is greatly simplified, because all operations

are implemented on the client side. This approach is completely different to that used

in many current data grid systems, that implement both client and server sides.

It allows parallel access to both data of different files and data of the same file.

. It allows the usage of servers with different architectures and operating systems.

5. It simplifies the configuration, because the protocols proposed are very familiar
to users. For example, to use NFS the server only needs to export the appropriate
directories.

W

To provide large storage capacity and to enhance flexibility and performance, Grid-
Expand combines several data servers to provide a generic stripped partition which
allows to create several types of file systems. The Figure 1 shows different partitions
that can be defined in the grid: Intra-site partitions, as for example, the partition 4, and
Inter-site partitions, as for example, the partition 1.

Furthermore, partition can be homogeneous, when all data servers in the partition
use the same protocol, or heterogeneous, when different data servers protocols are used.
This is an important feature because allows to integrate heterogeneous resources.

The files in GridExpand consists in several subfiles, one for each server in the dis-
tributed partition. All subfiles are fully transparent to the users. GridExpand hides those
subfiles, offering to the clients a traditional view of'the files. To exploit all the available
storage resources, GridExpand provides several data allocation and load balancing al-
gorithms that search for servers that are available to be used and to select several nodes
to store the data of a file.

All file operations in GridExpand use a virtual filehandle. This virtual filehandle is
the reference used in GridExpand to reference all operations. When Expand needs to
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Fig. 1. GridExpand Architecture.

access to a subfile of the parallel partition, it uses the appropriated filehandle. A virtual
filehandle in GridExpand is defined as follow:

N
| filehandle;

i=1

where filehandle; is the filehandle (protocol dependant structure) used for the data
server 4 to reference thesubfile 7 belonging to the GridExpand file. These feature allows
to use different data servers for the same distributed partition. To enhance I/O, user
requests are split by GridExpand into parallel subrequests sent to the involved data
servers. When a request involves k data servers, GridExpand issues k requests in parallel
to the data servers, using threads to parallelize the operations (see Figure 2). The same
criteria is used in all GridExpand operations. A parallel operation to & servers is divided
in k individual operations that use the appropriate data server protocol to access the
corresponding subfile.

3.1 User Interface

The access to the files is provided by standard interfaces like POSIX or MPI-10. To ac-
complish this goal, GridExpand provides an Abstract File Interface (AFI) that allows the
implementation of the typical interfaces (POSIX, Win32, MPI-10) above it, and supports
other advanced features as cache policy, prefetching, parallelism degree configuration
and fault tolerance. The access to the servers and storage resources is provided by an
Abstract I/0 Adapter similar to the ADIO [14] used to develop portable implementa-
tions of MPI-10. GridExpand, also provides an interface for Java applications. For Java
applications we use the Extended Filesystem API provided by Sun for WebNFS. This
API defines two means of access to files and file systems:
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Fig. 2. Parallel Access in GridExpand.

— An XFile class that supports naming of files with URLs such as the type proposed in
the NFS URL Scheme. Here users would specify URLSs like “xpn://pato.arcos/file”.
The XFile class also provides a default “native” URL scheme using java.io.* which
has a file naming syntax that varies according to the operating system that supports
the Java Runtime Interface, such as Win95, UNIX, and VMS.

— Access to data through the XFileInputStream, XFileOutputStream, XRandomAc-
cessFile, XFileReader and XFileWriter classes that are similar to classes that exists
today in the JDK.

4 Performance Evaluation

In the evaluation we have used an image-processing application that processes a set of
128 images. All images have a size of 3 MB. On each image, the application returns a
new image applying a fixed 64-pixel mask. The image processing process is decoupled,
taking into account that we can analyze several images in parallel. This application has
been executing on a grid configured using 8 workstations running Linux and connected
through a Fast Ethernet switch. As data server we have used a NFS server on each node.
Our experiments compare the performance ofa single server using NFS and GridExpand
with different intra-site partitions (NFS, 1, 2,4, 8). The application used can be divided
in several decoupled tasks (in the tests, from 1 to 32 clients). Fistly the tests have been
performed using a linux platform (GridExpand and the test application implemented in
C), and then the tests have been performed using a Java platform (with linux). Figure
3 shows the time needed to run the application, using POSIX interface and varying the
number of subtasks (clients in Figure) and different distributed partitions (from 1 I/O
node to 8 I/O nodes). The Figure also shows the performance obtained with NFS (NFS
legend in Figure). Figure 4 shows the time needed to run the application using XFile
Java Interface.

As can be seen in Figure 3, the performance achieved by the system is increased when
GridExpand distributed partitions are used. The usage of distributed partitions on grids
increases the total storage capacity. Furthermore, the usage of parallel I/O techniques
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Fig. 4. Performance Results using the XFile Java Interface.

allows to obtain better performance results. For the Java version 4 we can observe that
with 16 servers and 8 clients the performance is better than with 8 clients, this is due to the
fact that we are overloading the clients machines with too much clients, that implies the
execution of more Java virtual machines. In the future we hope to increase the scalability
of the GridExpand Java version.

5 Conclusions and Future Work

In this abstract we have described the design of a parallel /O middleware for grids, called
GridExpand. This system provides a parallel I/O middleware that allows integrating the
existing heterogeneous resources from the client’s point of view without needing to create
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or to install new servers. Future work is going on to integrate more storage protocols,
on to provide allocation for parallel files in heterogeneous network environments and
on to develop prefetching algorithms for data grids. Other important aspect that we are
considering to treat in the future is the authentication, at the moment the prototype use
Unix integrated security but we are taking into consideration the use of Kerberos in
the future for NFS and the use of the Globus security architecture through the use of
GridFTP.
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Abstract. In this paper we aim to describe the project developing the
Migrating Desktop infrastructure for the mobile users in a simple way.
Nowadays the easy access to the grid resources is the crucial to the users’
satisfaction. Using our framework the user achieves comfortable working
environment that could be customised, stored and recreated everywhere
where the Internet is present...

1 Introduction

In the paper we aim to describe the project developing the Migrating Desk-
top infrastructure for the mobile users in a simple way. We rather focus mainly
on the functionality than the technical details. This functionality refers to the
work environment of the users, which change their location very often. The mo-
bility term refers to the users’ activity. Users can move between workstations
and achieve the same desktop layout and all environment on every computer
connected to the Internet. The consideration of the mobile user with the ac-
tive open connection to the Internet is a well-known problem and many other
projects respecting this functionality have been started. However this feature is
not the point of our project. This work is done under the EU CrossGrid project
IST-2001-32243 [1] and now it is in its starting point. What is needed for tomor-
row is the proper remote and individual access to the resources, independently
of the original location of the user. So far, the way of system usage has been
looking in the following way: the user sits at his workstation and works with his
favourite local applications. From time to time he launches a web browser and
plays with it. An advanced user wants to log in to the remote host and run his,
let us say, UNIX application. After computations, he somehow downloads output
files and accomplishes investigation of the results. Some of the experienced users
use protocols for emulating the remote environment in the graphical manner for
working with their files. The user is able to use many systems with different
resources and different security policies, sharing the resources among other peo-
ple. The Migrating Desktop will create a transparent user work environment,
independently of the system version and hardware. In the paper we present the
functionality, the architecture and the main components of the core of developed
system. It consists of the Desktop Portal Server, the Roaming Access Server, and

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 132-138, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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the Security component, the User Profile Manager and the Virtual Directory. For
the grid enabled applications the new idea of application container framework
has been investigated. The grid application is represented by a kind of wizard
equipped with the demanded Application Plugin supported by the developers of
the application.

2 The Overview of Architecture

The architecture of the entire CrossGrid project is much more complicated and
we refer to the appropriate document [6]. However we introduce here some com-
ponents and interfaces between them that correspond with the purposes of this
paper. The main ‘core’ of the architecture is the Roaming Access Server. The
name ‘core’ is chosen not by chance only but by its meaning in the entire frame-
work. The Roaming Access Server is the module that is accessed every time
when a user wants to execute any work within the grid. It could be very so-
phisticated sequence of activity, like: transfer of input files, preparation of the
job parameters, submission of the job, etc. Every request passes through RAS
component.

Migrating Desktop : Job Submission
(Web Browser) Rm&”“;‘“""“‘ Service
er ;
Logging&Bock-
- Uw' Profile keeping
- File Manager Scheduling Agent
- Job Submission Rescurce Broker
Virtual Directory
Web Browser
(dhin client) Appl. Portal Server Storage Element

Fig. 1. The Architecture of the middleware (RAS).

From the functional point of view RAS is connected with the following mod-

ules[4]:

— The Application Portal Server,

— The Desktop Portal Server,
The Profile Manager,
The Job Submission Service,
Logging and Bookkeeping Service,
The Virtual Directory.

|
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The schema of the functionality is shown on the fig 1. Now we describe
briefly every aforementioned component. The Application Por-tal Server (APS)
is a module, which resides on the server part of the client-server ar-chitecture. We
would like to emphasize the difference between The Desktop Portal Server (DPS)
and this one - DPS is located at the client side. Two kind of possible graphical
user interfaces can be utilised by the user: thin client (any web browser) and a
fat client - DPS that is developed in a java technology. The Migrating Desktop
(MD) is the working name of DPS and this name will be used in this document.
This name was introduced to avoid the mismatch between names Desktop and
Application Portal Servers. APS is based on the Jetspeed technology. The in-
terface to the RAS middleware uses the Web Service / SOAP technology. The
Migrating Desktop will be discussed later on this work. During the initialisation
of MD, the restore function of the Profile Manager (PM) is invoked and the
MD is presented like it was saved before. The icons, windows lay-out, applica-
tion settings are the same. However, there is a one exception regarding local
references to the files and local applications. The authors designed the restore
procedure of the local links on the same workstation that was used previously.
The reason was that in many cases the IP or even DNS addresses of the same
workstations are changed. That is why, we decided to store links to the local files
locally. The most important element of the entire functionality is the one and
consistent method of the job submission. The interfaces for performing this work
are different and applications (interactive, batch) can be different too, but the
submission mecha-nism is the only one. Nowadays the Job Submission Service
(JSS) is represented by the set of modules integrated into one common module.
JSS consists of the Resource Broker and the Scheduling Agent. In the future
they will be separated due to the better performance. The interface between
MD and JSS is described later on. During the definition stage of the project
requirements we encountered the data management problem. How to handle the
mapping of the physical and logical file names. There is no requirement for the
user to remember all hosts and names of file stored there. The idea is to deliver
the tool (the Grid Commander) that will compose the list of filenames without
specifying any hostnames, transfer protocols and port numbers. All standard
operations on the remote and local files can be executed. In case of job sub-
mission, the usage of the Grid Commander is unnecessary, because the transfer
of input and output files is performed transparently and appropriate files are
choosen in the Virtual Directory Browser. Virual directory is a SQL database
that maintains the mapping between logical and phisical filenames.

3 Migrating Desktop

The user front-end is implemented as the fat client: advanced graphical java
based application. The user interface called the Migrating Desktop, or grid desk-
top is a very useful environment that accomplishes an integrated set of services
and real applica-tions, which could be run on the grid. The users can restore their
environment in every place where the network access is possible. The authors
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are interested in the assimila-tion of the grid desktop with the operating system
desktop as much as possible. One of the most visible feature of MD distinguish-
ing from the APS is a very high similar-ity to the well-known environment like
MS Windows or Linux KDE, GNOME, etc, see figure 2. This feature is not
available through any Web Browser. Our aim is to replace the OS desktop with
ours, which is more suitable for the grid working.

Fig. 2. The Migrating Desktop layout - example.

The Migrating Desktop will allow the user to access the grid resources from
other computers like i.e. notebooks, or internet-coffee workstations. The Roam-
ing Access and the Migrating Desktop features will not support “moving users”.
It means that no special mechanisms to access the grid resources via mobile
phones, PDAs (such as palmtops, organisers, etc.) will be considered within the
confines of the given project. The support of such hardware needs an extra en-
vironmental work respecting the bi-nary incompatibility with the widely used
personal computers equipped with the J2RE 14.1 or higher. It will allow to
run applications, manage data files, store per-sonal settings (configuration def-
initions that characterise e.g. links to the user data files, links to applications,
access to application portals and/or specialised infrastruc-ture, as well as win-
dows settings), independently of the localisation or the terminal type. We want
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to emphasize that MD is designed for working with more than one grid. Nowa-
days, the only one is accepted, but in the future, every internal grid window
will represent the different grid without loosing the functionality of the tools
developed within the CrossGrid project.

4 Application Wizard

The Application Plugin and the Container is a tool located at MD side, in gen-
eral view will suport the interface to the application specific inputs and output.
This will allow preparing the portal framework, which is independent of the ap-
plication, so that we could easily extend it and add the other applications. The
Application Container is a framework for the Application Plugin. It is a frame in
which the application plugin will appear. Giving the ApplicationContainer API
that can be accessed from the plugin we support a very advanced tool for the
general use. The Application Plugin is a content of the Application Container.
It should pro-vide and implement two panels of the Job Submission wizard: ar-
guments and job out-put. It should be able to visualise the output of the grid
application. Application plugin must implement appropriate plugin interface.
The Application Plugin can be a java applet and should implement all neces-
sary interfaces to the Container. The Migrating Desktop provides the Wizard
that user can use to specify the job details. This Wizard will simplify process of
specifying parameters and limits, sug-gesting user defaults or last used parame-
ters. It will consist of several panels. Two panels are reserved for the application
specific plugin - the Argument Panel and the Job Output panels. The Wizard
is responsible for the proper preparation of the user job. It automatically trans-
lates the parameters described in XML by the application programmers, layout,
etc. to the JDL submission command. The JDL file is passed to JSS module
and executed somewhere on the grid. Most complicated output - interac-tive, or
semi-interactive should be supported by the Plugin.

5 Interactive Applications

We also focus on the work with interactive applications. The novelty of the
devel-opment consists in the grid interactive application utilisation within the
migrating users’ environment. There are a lot of problems with the interaction in
the grid envi-ronment. Some sort of solution has been proposed. When the user
submits a Grid In-teractive Job (GIJ) he needs the allocation of grid resources
throughout his “interactive session”. During the whole session a bi-directional
channel is opened between the user client and the application programme on
remote machine. The entire job input and output streams are exchanged with
the user client via this channel: the user sends input data to the job and receives
output results and error messages. A very important feature in interactive envi-
ronments is the ability to recovery from unexpected failures of e.g. workstation.
There is no problem in case of batch jobs, but interactive applications need to be
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equipped with an extra functionality. It would be better not to rewrite the exist-
ing application codes respecting the new grid paradigm. However, it should be
considered to build the additional linkable library for managing grid interactive
session management.

6 Security

A lot of effort will be utilised in a Single Sign-On feature that has been widely
spoken to be the most important feature in the upcoming grid technology. There
are too many resources with an additional authorisation procedure; that is why
we want to simplify the user access. Delegation of the credentials is the way we
want to follow. The Globus Security Infrastructure (GSI) [3] will be used for our
purposes. We de-cided not to store the private user keys on the remote hosts.
This idea is convergent to the user privacy and the only one user is responsible
for the key - the owner. As a bottom line of the middleware we use the Globus
toolkit. These facilities give us an important functionality like security policy,
simple remote operations, user account mapping, etc. The CrossGrid project is
not the only star on the grid firma-ment but one of them and it cannot exist
without any influence from the surroundings. Some elements used in this work
come from the DataGrid project [2] like the idea of the grid interactive job
submission and the Virtual Organisation (VO) paradigm.

7 Summary

In this paper we presented the overview of the functionality of developed system.
It consists of several components, which are connected using the Web Service
tech-nology. The most visible element for a human is so called Migrating Desk-
top. It gath-ers all facilities that make the grid resources available and useful.
We noticed that this tool could connect several different grid frameworks. Our
goal is to produce the gen-eral tool rather than specialised one, dedicated to the
only one grid project. For the grid enabled applications the new idea of appli-
cation container framework has been investigated. The mentioned functionality
is developed within the CrossGrid project [5] and its first prototype has been
ready since February 2003.
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Abstract. The present status of visualization on the grid is not really satisfy-
ing. In contrast to other grid services, such as batch processing, data transfer,
and resource scheduling, visualization is still utilized in the traditional point-to-
point fashion, with applications integrating visualization as subroutine calls or
even post-mortem. This situation is addressed by the Grid Visualization Kernel
GVK1, which proposes a fully grid-enabled approach to scientific visualization.
The infrastructure of GVK features a portal for arbitrary simulation servers and
visualization clients, while the actual processing of the visualization pipeline is
transparently performed on the available grid resources.

1 Introduction

Grid Computing represents one of the most promising advancements for todays com-
putational science and engineering [9,10]. With the power of computational grids at
hand, scientists are able to perform simulations at previously impossible and unexplored
problem scales. Consequently, many research projects around the world are engaged in
developing grid infrastructures and corresponding applications, the majority of them
focusing on batch and throughput processing.

As an extension, the EU CrossGrid project (ht t p: / / www. eu- cr ossgri d. or g) in-
tends to provide grid services for interactive applications. For this endeavor, the Cross-
Grid project requires a series of novel grid services, which are not provided by exist-
ing grid middleware. An example is scientific visualization, which has previously been
utilized with the following characteristics: Either the results of batch processing are
downloaded to the users workstation and visualized locally, or the connection between
simulation and visualization is established between static endpoints with traditional vi-
sualization toolkits. These two approaches are certainly not optimal for several reasons:

— They introduce a substantial delay when downloading the data from the simulation.
— They are limited by the processing power available at the user’s location.
— They lack the flexibility offered by today’s grid infrastructures.

The Grid Visualization Kernel (GVK) attempts to overcome these problems for
scientific visualization on the grid. The visualization capabilities of GVK are provided

! The Grid Visualization Kernel (GVK) described in this paper is partially supported by the IST
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as flexible grid services via dedicated interfaces and protocols, while GVK itself relies
on existing grid middleware to implement the functionality of the visualization pipeline.
This paper describes the application of GVK within grid environments, and discusses
how to provide a grid-enabled visualization service for arbitrary grid applications.

The paper is organized as follows: Section 2 provides an overview of visualization
in general and GVK’s approach in particular. Section 3 discusses the interfaces of GVK
for providing input from simulations and for accessing output on visualization devices,
while the construction of the visualization pipeline over available grid resources is de-
scribed in Section 4. An overview of motivating and related work in this area is provided
in Section 5, before a summary and an outlook on future work in this project concludes
the paper.

2 Overview of Approach

Integrating visualization into an arbitrary application means to adapt some kind of vi-
sualization pipeline with appropriate transformations according to the provided data
and the intended visual representations. The visualization pipeline is initiated by the
application that provides the raw data. After performing the transformations of the vi-
sualization pipeline [12], such as filtering, visualization mapping, and rendering, the
results of the visualization pipeline are forwarded to the visualization device. Figure 1
describes a typical visualization pipeline.

Scientific
Application

Simulation Data |

Data Enrichment
Enhancement/Reduction

Derived Data |

Visualizati "..'u]—-|.‘\‘-°erisna]imﬁon0bjwl

Rendering Di le Qutput
\—-[ isplayable Image D

Fig. 1. Visualization Pipeline [12].

Based on this general view, the users’ task when implementing visualization for a
particular application can be divided into three steps:

(1) Definition of an input interface to extract the data to be visualized from the appli-
cation

(2) Specification of the visualization pipeline to transform the raw data into the dis-
playable image

(3) Definition of the connection to display the visualization results on the output device
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These requirements represent the specifications of the Grid Visualization Kernel
GVK. Instead of producing a visualization approach for one particular application, the
intention of GVK is to provide universal visualization services for a wide range of
applications. By providing visualization functionality as an extension of existing grid
middleware approaches, GVK reflects some of the original ideas of grid computing
itself. In concrete, the concept of GVK can be divided into two main parts with the
following characteristics:

(a) The interface between the simulation and GVK on the one hand, and between GVK
and the visualization device on the other hand, should be established transparently
with well-known visualization techniques. The simulation and the visualization
should be decoupled in time and space, and even multiple invocations of differ-
ent visualization devices at the same time should be possible.

(b) The actual implementation of the visualization pipeline should be established ac-
cording to the desired transformations of the input data, the minimum character-
istics requested by the simulation and the maximum characteristics provided by
the visualization device. The visualization itself should be as fast and as good as
possible with the available grid resources.

3 Interface between Simulation and Visualization

The interface to GVK is established via available visualization toolkits. An example is
the Open Visualization Data Explorer OpenDX?, which has been utilized in our previ-
ous projects. Other examples include AVS® or VTK*.

With such a visualization toolkit, the user specifies the visualization pipeline by
constructing a data-flow graph from the simulation interface to the displayable image.
In order to adapt the data-flow model to the application, the simulation interface must
be defined according to the user’s needs. The remainder of the visualization pipeline is
then processed by the modules of the data-flow graph, which are arranged according to
the desired output.

The difference between the traditional approach and the GVK visualization services
is that some modules of the data-flow graph are replaced by corresponding GVK mod-
ules. Some possible examples for using GVK are as follows:

— To upload the simulation data onto the grid, the interface module must be a GVK in-
terface module. The remainder of the visualization pipeline may then be processed
within GVK itself or at the corresponding output device.

— To allow connections to the simulation data from arbitrary visualization clients,
the last module of the data-flow graph must be replaced by a GVK output mod-
ule. In this case, the transformations of the visualization pipeline may be partially
performed by the simulation itself or within GVK.

2 http: // waw. opendx. or g/
3http:// waw. avs. cond
¢ http://public.kitware.com vtk
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Fig. 2. Integrating GVK in the OpenDX visualization toolkit.

~ It is also possible to replace intermediate nodes of the graph with corresponding
GVK visualization modules, for example, if computationally intensive tasks should
be distributed over the grid. An example is isosurface generation, which may be
performed by a dedicated grid visualization service using available grid resources.

Figure 2 displays a screenshots of a data-flow model with the Open Visualization
Data Explorer OpenDX. The data-flow graph includes some modules that implement
the functionality of GVK as described above.

The advantage of this approach is that it enables the user to define arbitrary visu-
alization pipeline configurations using the well-known data-flow approach. With GVK,
the pipeline can be split at any point, and the processing modules can be distributed
across the grid as desired.

4 Setting Up the Visualization Pipeline

During execution, the setup of the visualization pipeline has to be initiated by the sim-
ulation as shown in Figure 3. The procedure of the setup process is as follows:
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Fig. 3. Simulation Setup Process with GVK.

During the initialization phase, the simulation sends a visualization request to the
GVK portal server. The contents of this request are the minimal requirements to
possible visualization clients.

The portal server authorizes the simulation and forwards the visualization request
to the GVK visualization planner.

The visualization planner sends a resource information request to Globus Monitor-
ing and Discovery Service MDS [6] in order to inquire about the available resources
for the visualization pipeline.

Globus MDS returns information about available resources to the GVK visualiza-
tion planner.

The visualization planner sends a resource allocation request to the Globus Re-
source Allocation Manager GRAM [5].

Globus GRAM performs the visualization pipeline allocation and initializes all
transformation modules as requested by the visualization planner.

The visualization planner returns the input interface assignment to the GVK portal
server about the newly initiated input interface of the GVK visualization pipeline.

The portal server stores the new visualization service for future requests and for-
wards the input interface assignment to the simulation source.

The simulation continues processing the data and updates the visualization (when
appropriate) by sending simulation data to the input interface of the GVK visual-
ization pipeline.

The diagram of Figure 3 describes only the simulation side of GVK’s invocation.

Please notice, that no output interface has been assigned to the visualization pipeline.
In practice, the visualization planner has to decide about what to do with the received
simulation data, and to configure the visualization pipeline accordingly. Depending on

the

available storage capacity, a certain amount of visualization data may automatically

be stored at some place on the grid. Additional configuration options can be provided
with the visualization request from the simulation.
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The protocol for the visualization client is comparable to the simulation side with
minor deviations. The registration of the visualization client is also initiated with a
visualization request. However, instead of providing the minimum requirements for the
visualization, the maximum capabilities available on the visualization client are given.
With this information, that GVK portal server is already able to match corresponding
pairs of simulation and visualization clients.

Another difference between the simulation side invocation and the client side in-
vocation is that the client can assume partial availability of the visualization pipeline
(at least the input interface). Upon receiving the visualization request and information
about the grid’s status, the visualization planner is able to complete the visualization
pipeline setup. In addition, an output interface is initialized and connected to the visu-
alization client.

Please note, that multiple clients may access GVK with visualization requests for
one particular simulation. In this case, GVK is able to automatically multiplex the data
streams in the visualization pipeline by setting up more than one output interface.

5 Related Work

The idea of GVK has been influenced by a number of related work in this area. The mo-
tivation of providing advanced services for grid applications is provided by a series of
other approaches, e.g. the Open Grid Service Architecture OGSA [11] or NetSolve [3].
In this context, GVK represents a middleware extension for scientific visualization on
the grid.

The field of distributed and high-performance visualization provides a series of
other interesting work. We distinguish between

— grid-based visualization techniques,
— visualization on high-performance computing architectures, and
- support for distributed and remote visualization.

However, in contrast to GVK, these approaches apply a much tighter coupling be-
tween the simulation source and the visualization device.

Grid-based visualization techniques are presented in [1, 2, 7]. The goal of DV [1]
is to distribute the visualization pipeline over various grid nodes while optimizing the
locations of the different modules on the grid. DV’s central concept is the active frame,
a combination of the data to be rendered and a rendering program, which is sent from
one node to another while passing through the visualization pipeline. The experimen-
tal science environment VLAM-G [2] provides visualization of scientific simulation
results while hiding the complexity of the underlying grid middleware. However, it
does not support dynamic adaptations to changes in resource availability. Similar to
GVK and VLAM-G, the distance visualization system described in [7] is built on top
of Globus [8]. It realizes a distance tomography system, that allows simultaneous con-
nections of multiple display clients and support for data buffering and shared controls.

A different group of related work focuses on using high-performance computing
architectures for visualization [14, 16]. The rendering system Chromium [14] exploits
the computational power of a cluster to achieve high throughput of visualization data,
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while [16] describes real-time interactive volume visualization on a HPC shared-me-
mory machine. Both approaches may be suitable candidates as part of the GVK visual-
ization pipeline.

Support for distributed visualization is described in [4]. The WireGL system [4]
enables remote rendering of OpenGL applications by encoding the commands into op-
codes and sending these opcodes over the network to the visualization device. The
amount of transferred data can be reduced by a mtehod of lazy state update. While
WireGL does not provide a high level visualization toolkit, it may still be useful within
GVK.

6 Conclusions and Future Work

The Grid Visualization Kernel as described in this paper is currently being imple-
mented. Some modules are already available and demonstrate parts of the functionality
of GVK. In [13], first experiments with GVK for volume visualization are presented,
while [15] discusses possibilities to reduce the communication latency between the sim-
ulation server and the visualization client. The latter uses well-known techniques from
computer graphics to reduce the amount of data transferred from the simulation source
to the visualization device.

While these existing examples represent a valid proof-of-concept, much more de-
velopment work is required in this project. A missing issue of the current concept of
GVK is support for interactivity, or rather returning feedback from the user to the sim-
ulation. Nevertheless, we believe that the current protocol may easily be adapted to
include the reverse path from the visualization client to the simulation server. Some
initial investigations in this direction are currently being conducted.

The ambitious claim of universality is certainly a major benefit of GVK, yet it also
means that much more work is required to provide the functionality of GVK to the
grid computing community. A major test for GVK is provided within the EU CrossGrid
project, which provides possible target applications for visualization on the grid. An
integration of GVK is currently being conducted for bio-medical applications in coop-
eration with the Universiteit van Amsterdam (UvA), Section on Computational Science
(SCS) [17].
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Abstract. Problem Solving Environments offer an integrating approach
for constructing and running complex systems and components, such as
distributed simulation and decision support systems. New distributed
infrastructures like the Grid support the access to a large variety of core
services and resources in a secure environment. In this paper we propose
an approach to Grid access for interactive Problem Solving Environments
built on top of the High Level Architecture (HLA), a mature distributed
simulation framework. This approach is based on a set of Grid Services
which allow the setup and interactive steering of complex Grid applica-
tions consisting of modules for simulation and visualization. We discuss
a three-level approach to the problem. In the first step we focus on dis-
covery of HLA Runtime Infrastructure (RTI) processes that coordinate
distributed components of an interactive application. Next we investigate
efficient Grid-based data transfer protocols as a promising alternative for
current RTT communication. Finally, we will completely replace RTI by
Grid technology mechanisms. As a proof-of-concept example, we use the
CrossGrid biomedical simulation application, which requires near real
time steering of simulation parameters during runtime of the simulation
running on the Grid.

Keywords: interactive, problem solving environment, the grid, HLA,
CrossGrid.

1 Introduction

In the past few years, Grid computing has emerged as an important and rapidly
expanding approach to scientific distributed computing and distributed Problem
Solving Environments (PSEs), with examples like CONDOR-G [9]. Recently, Ian

* This research is partly funded by the European Commission the IST-2001-32243
Project “CrossGrid”.
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Foster [6] presented a checkpoint list defining a Grid as a system that coordi-
nates resources that are not subject to centralized control, but where coordina-
tion should be done by means of standard, open, general-purpose protocols and
should deliver nontrivial qualities of service.

Most of large-scale Grid deployments being undertaken, like the European
DataGrid [5], are focusing on providing an infrastructure for batch systems, as
opposed to interactive applications. Nevertheless, we believe that there is a clear
need for the support of interative applications in near real time.

On one hand, there is currently a lot of effort going on to define standard
“inter-Grid” protocols to create something more than a set of non-interoperable
distributed systems, which may be used to build Grid-based PSEs. The Open
Grid Services Architecture (OGSA) [7] is one of the results of this effort. In
OGSA, the primary purposes are to extend the Web Services [16] terminology
to include Grid concepts, and to manage the creation and termination of re-
sources as services. The main focus is on the definition of abstract interfaces
that allow services to cooperate without too much concern about the actual
protocols being used. OGSA is a very general approach; it does not distinguish
interactive services from batch services, and does not provide special support for
near real time interactive systems. This is left to higher level services build on
top of it.

On the other hand, there are existing solutions for distributed and interactive
simulation systems that may be used as underlying frameworks for interactive
PSEs. One of such frameworks is the High Level Architecture (HLA) [11], which
existing implementations are based on Common Object Request Broker Archi-
tecture (CORBA) middleware [15]. HLA and CORBA do offer many features
for developers of interactive and distributed applications. However, existing im-
plementations lack the flexibility we believe essential for Grid-based interactive
applications. In this position paper, we present an approach for extending exist-
ing HLA-based PSE frameworks for interactive simulations to the Grid.

The paper is organized as follows: Section 2 briefly introduces the U.S. De-
partment of Defense’s HLA implementation, and discusses its features in terms
of Grid environment constraints. Section 3 describes our three-level approach
for porting HLA concepts to the OGSA. We conclude in Section 4 with a brief
discussion of current issues and future work.

2 HLA Basic Functionality

HLA Runtime Infrastructure (RTI) federations [11] are distributed systems that
consist of multiple processes (Federates) communicating across computer nodes.
HLA provides the application developers with a RTI that acts as a tuple space.
In order to send messages, the applications that are plugged into the RTI have
to publish well-defined objects in that space. The applications that want to
receive messages have to subscribe to those objects. Each time an object is to
be sent, the application must call a method that updates the attribute values of
this object; RTI then notifies subscribed applications that the object has been
updated.
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Federates are controlled by the RTI Executive (RTlexec) process. The net-
work address specified by the hostname or the Internet Protocol address of that
machine plus the port number used, known as the endpoint of the process, is
defined in a Federate configuration file. If the endpoint is not specified for the
RTlexec, a multicast protocol is used for finding the RTI control process.

2.1 Current RTI Limitations

HLA provides application developers with a powerful framework for distributed
simulation reuse and interoperability, however its design was not intended to
support software applications that need to integrate instruments, displays, com-
putational and information resources managed by diverse organizations. The
Grid, however, was originally designed to address precisely those issues.

For instance, like other RTI implementations, the current RTI1.3-NG version
4.15 implementation is restricted in its communication protocol to the CORBA
Internet Inter-Object Request Broker Protocol (IIOP), and requires common
configuration files that specify the location of controlling components (endpoint
of RTI control process), as well as a definition of the data to be exchanged,
before runtime. Additionally, RTI does not provide security mechanisms similar
to the ones provided by the Grid Security Infrastructure (GSI), and does not
allow migration of distributed components.

2.2 Grid-Enhanced HLA RTI Infrastructure

We believe that Grid Services have the potential to bring remote and decen-
tralized Federate service discovery and invocation to HLA. One may consider
various levels of granularity while porting HLA concepts into the Grid.

We believe that the most coarse grain approach is to address the issue of the
discovery of control Federate components. We call this RTI Layer migration. This
discovery mechanism in HLA is one of our initial points of focus: HLA uses either
a multicast discovery protocol, which does not scale well on large Wide Area
Network (WAN) Grid distributed environments, or performs discovery via the
specification of the RTlexec’s endpoint through a naming service. We find this
approach not very convenient, because the endpoint has be known in advance.
As a first step, we plan to investigate the use of Grid services to address this
issue.

As a finer grain approach, we intend to investigate the use of Grid core ser-
vices for the transport of actual Federate data, once the RTIexec information has
been made available via a Grid Service. We call this Federation Layer migration.
We plan to experiment with Globus GridFTP and Globus I/O implementation
extensions for interfacing with the RTI logical bus.

It is important to note that Grid communications are basically peer-to-peer
(P2P). This has the consequence that the destination information, well encap-
sulated within HLA, has to be found on the application layer. As a third step
and finest grain approach, we plan to reimplement HLA communications using
Grid technologies. We call this Federate Layer migration.
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3 Our Three Level Migration Approach to the Grid

3.1 RTI Layer Migration

For our first migration approach, we plan to publish the RTlexec as a Grid
service in a Community Registry repository of services. This will allow remote
services to publish their Grid Service Handles, so we can later compare data
transfer between the two paradigms.

Initially, we are working on one well-known registry per Virtual Organization
(VO), to bind the local Federate with the service and modify the RTI configu-
ration file. We do not expect to migrate RTI execution at runtime at the mo-
ment. Nevertheless, we plan to investigate the use of OGSA discovery topologies
and intelligent searching agents for dynamic Registry discovery. The Grid ser-
vice information will initially be used for Federate and Federation initialization,
in a simple pull mode. The information provided by the Grid service includes
endpoint information of the RTlexec execution (i.e., machine address and port
number), name of the executing VO for selecting the appropriate RTIexec to
join, and RTlexec version number.

As mentioned before, we are also planning to use the Global Forum’s Open
Grid Services Infrastructure (OGSI) [14] to implement a higher level Community
Registry service for VO and Federate registration and inspection of service data,
based on the OGSA specification’s Registry PortType. We expect this way to
allow for the inspection of sites for available services and service data, via Web
Services Inspection Language interfaces. It is noteworthy to mention, though,
that the OGSI implementation of OGSA is expected to be available, at best, in
the middle of 2003. In the meantime, we plan to work with OGSI alpha releases
(known as technology previews) and develop our own Grid service infrastructure
based on them.

3.2 Federation Layer Migration

One of the points in Ian Foster’s checkpoints list is the requirement to use stan-
dard and open protocols to communicate services that form an infrastructure
[6]. Within HLA two kinds of data can be exchanged between Federates, namely
data objects and events. However, as mentioned before, current HLA implemen-
tations are generally restricted to the IIOP communication protocol.

We have decided to take a more scalable approach to communication between
distributed simulation components or Federates, focusing initially on data ob-
ject transfer. We are investigating Globus GridFTP and Globus I/O protocol
extensions, since these protocols consider security issues and various techniques
to increase bandwidth, like parallel data channels between hosts, and tuning
Transport Control Protocol (TCP) window size. Although the GridFTP pro-
tocol is designed for file transfer [1], its extensions can be used for secure and
efficient memory-to-memory transfer as well. This kind of extension is partic-
ularly important, for instance, for distributed biomedical applications, where
large volumes of data may have to be transported to a visualization system.
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Past experience with biomedical simulation systems shows us that a number of
performance issues arise when dealing with throughput maximization of data
transfers over the network, specially with large and distributed inter-domain
WANSs[2].

3.3 Federate Layer Migration and Related Issues

In the third step, we will redesign some of the functionalites of RTI components
to build an event-based fully Grid functional service. We will support discovery
and data transfer for interactive applications, and fulfill the requirements of high
level Grid services [13].

Our approach for such an HLA event service to support this kind of func-
tionality is shown in Figure 1.

SGcrrlvdicc Grid.
Service
:"] 5 I ______ ' | Data Sendarl—l Data Receiver
Federate 1 , d(;ngbasc : Federate 2
| of subscribers' [Event Scnder}—{ Event Receiver
Federation Federation
IAmbassador Ambassado
Modify
Description RTI
Ambassado:
Object
Description HLA Event Service
Repository N A \
Service + subscription k
. and notification DB
Grid Gric!
Service Service

Fig. 1. Grid HLA Event Service basic components.

HLA Event Service. The interface of the service will be defined by trans-
lating existing HLA’s RTIAmbasador Application Programming Interface into
Web Services Description Language. The functionality of the RTI library will be
encapsulated within the Grid Service, which can be itself a distributed high level
service as shown in Figure 1. The internal design requires further investigation of
data distribution management algorithms like effective matching subscriptions
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to publications as well as ownership and time management issues [12]. Up to
now, we assume that the service manages a database of subscriptions and pub-
lications and performs matching each time the subscriptions or publications are
changed.

Federate Interface. Application components that want to join the federation
will have to provide a FederationAmbassador interface. The actual data and
event sending will be performed directly. For instance, in Figure 1 the ports
marked as “Data Sender” and “Data Receiver” will provide the GridFTP im-
plementation features (parallel channels, negotiations of TCP buffer, security).

For events, we are looking into XEvents and Xmessages [10] and the OGSA
notification service [7]. For instance, in the Figure 1 the ports responsible for
event sending are marked as “Event Sender” and “Event Receiver” which have
more or less symbolic meaning. After further elaboration they will be changed
to something more specific, like OGSA “Notification Source” and “Notification
Sink”, or similar.

Object Description Repository Service. Currently, HLA requires explicit
description of data and event objects that will be exchanged before the ac-
tual federation starts execution. This cannot be changed during runtime, and
is specified in the Federate configuration file. In order to add dynamic modi-
fication capabilities, we will use an Object Description Repository Service. As
can be seen in Figure 1, the we will provide a Modify Description PortType for
actual altering of its contents. This PortType illustrates a general interface to
the functionality provided by the service.

4 Discussion and Future Work

In this position paper we report on how to bridge the gap between HLA and
the Grid, in order to support efficient and interactive near real-time distributed
computing. This paper describes a roadmap to investigate fundamental issues
and problems related to the bridging of this gap, by proposing a high level grid
event service for interactive applications. Currently, we consider a three-level
approach for migrating existing HLA-based distributed systems to access the
Grid, for supporting interactive applications.

We have identified issues that we believe will have marked effects on the
scalability of different approaches to migrating HLA into OGSA. Such issues
include, for instance, the use of Web Service current bindings to the Simple
Object Access Protocol, as well as the design and use of scalable approaches to
dynamically discover community registries. We believe that public and private
endpoint accessibility issues also need to be addressed.

As a proof-of-concept example, we will work with the European CrossGrid
[4] biomedical application.

CrossGrid applications are characterized by the interaction with a person
in a processing loop. Examples of these applications are interactive simulation
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and visualization for surgical procedures, flooding crisis team decision support
systems, distributed data analysis in high-energy physics, and air pollution com-
bined with weather forecasting [3].

The CrossGrid biomedical application, for instance, requires near real time
steering of simulation parameters during runtime of the simulation via the Grid.
We will interconnect the application components using an HLA-based middle-
ware framework [17], built over an RTI communication bus.

Currently, we focus on the first two steps of this three layer approach; namely
the RTI and Federation layers. We believe that experience gained during this
work will eventually result in a full design and implementation of a service-
oriented framework for distributed PSE Grid access.

We will investigate in the near future the use of Grid service patterns ap-
plied to build dynamic discovery services, one of the main issues that we have
encountered in our investigations. A number of discovery topologies have been
proposed by the Globus Project already [8], such as hierarchical with caching,
hierarchical with forwarding, as well as topologies based on P2P meshes. These
may include the use of soft-state registration and subscription to query registries
and services in various ways.
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Abstract. The aim of this work, developed in the framework of the Eu-
ropean CrossGrid Project, is to provide a high performance air quality
simulation executing the STEM-II (Sulphur Transport Eulerian Model 2)
program on a Grid platform. In order to test our proposal, an experimen-
tal Grid infrastructure made up of heterogeneous individual machines
available in our work-center is used.

1 Introduction

STEM-II is an Eulerian air quality model which simulates transport, chemical
transformations, emissions and depositions processes in an integrated framework.
It is used to know in advance how the meteorological conditions (obtained from
a meteorological prediction model) will affect the emissions effects of As Pontes
Power Plant (A Corufia, Spain). The final aim is fulfilling, at all times, the
European regulations referring to the emission of pollutants. The speedup in
the simulation process is really important in order to save time when making
decisions about modifications in the industrial process.

The model is computationally intensive because the governing equations are
nonlinear, highly coupled and stiff. As with other computationally intensive
problems, the ability to fully utilize these models remains severely limited by
today’s computer technology; thus, Grid computing will be applied to achieve
an acceptable response time at a reasonable cost.

The structure of this paper is as follows: Section 2 explains the different
sequential and parallel versions of the program, emphasizing on the Grid version.
In Section 3 results obtained on an experimental Grid infrastructure are shown.
Section 4 describes work in progress and future work. Finally, conclusions are
discussed in Section 5.

2 High Performance Air Quality Simulations

Previously to the Grid-enabled version of the code, we developed different se-
quential and parallel versions of the program. First, a sequential optimization

* This work was supported in part by the CrossGrid European Project (Ref: IST-
2001-32243) and by Xunta de Galicia under grant PGIDT01-PXI10501PR.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 155-162, 2004.
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of the code was carried out. The STEM-II program has large requirements of
memory. A large number of variables are defined for each point of the simulated
mesh and must be stored using large arrays. Thus, memory use and its access
method influence directly on the efficiency of the code. The optimization of the
sequential code was mainly focussed on the optimization of memory accesses. A
reduction of 16.87% of the execution time was obtained [1]. Thus, we tried an
automatic parallelization of the code using the automatic parallelizer available
on the SGI platforms, PFA [2]. Unfortunately, the automatic parallelizer did not
obtain any speedup since it was only able to detect trivially-parallel innermost
loops. Then, we focus on the manual parallelization of the most time consuming
stages of the program using OpenMP directives [3] for shared memory systems,
and MPI [4] for distributed memory systems. Our parallel versions have been
tested on different target architectures, specifically they were executed on a SGI
02000 multiprocessor [1], a Fujitsu AP3000 multicomputer [5], and a cluster of
PC’s[6].

The parallel versions of the code obtained important reductions in execution
times. For instance, initially, using the original sequential code for a simulation
of a complete day, we needed approximately 31 hours of execution time (more
than a day) on a SGI 02000 system. Using 32 processors and the OpenMP
parallel version of the code we were able to reduce a day simulation to only 1
hour of execution time in that system. Moreover, using only 4 processors we can
simulate a complete day in only 5 hours. This improvement in the execution
times is related both to the efficient use of multiple processors in the parallel
code, and, to a large extent, to a better data locality exploitation.

2.1 Development of a Grid—Enabled Air Quality
Simulation Program

There are several Grid middlewares to implement a parallel application over a
Grid environment. The one used into the CrossGrid project is the Globus Toolkit.
An existing MPI parallel application code can be migrated to a Grid environment
fairly easily by introducing appropriate components from the Globus bag of
services and using MPICH-G2, the Grid-enabled version of MPI.

MPICH-G?2 [7] exploits the device architecture of the Argonne MPICH im-
plementation. This way, the majority of MPI syntax and semantics are device—
independent, and the hardware—specific details, such as those to support in-
terprocessor communications in a heterogeneous platform, are provided by the
“globus device” interface implemented in MPICH-G2.

The Globus Toolkit is an integrated set of tools and software that facilitates
the deployment of applications that can exploit the advanced capabilities of
the Grid and the design of production or prototype Grid infrastructures. Each
component of the Globus Toolkit provides a basic service, such as authentication,
resource allocation, information, communication, fault detection, and remote
data access [8]. Using Globus Toolkit we can transparently benefit from uniform
access to distributed resources.
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Fig. 1. Network configuration of the experimental Grid.

Since the goal of many Grid applications is to access remote data that are
potentially geographically distributed, one of the primary challenges of building
a Grid environment is providing an efficient I/O infrastructure. The Globus Ac-
cess to Secondary Storage (GASS) from Globus is used to transfer the input files
from the local machine to the remote nodes. In case the machines involved in the
parallel execution of our application do not have the same architecture, the bi-
nary input files must be converted into a standard and architecture independent
format, like for instance HDF5 [9].

3 Experimental Results

In order to test our application we have built an experimental Grid platform
using the computational resources available in our laboratories. We have tried
to avoid, as far as possible, putting restrictions on the heterogeneity of the nodes
and network forming our experimental Grid. Each machine belongs to different
users, and their disks are configured in a different way. Users have not free
access to all the machines. The nodes have different processors and memory
characteristics, although, all of them are based on the Intel architecture. The
CPUs speed range from 450 MHz to 1.9 GHz, and the RAM memory from 128
MB to 1GB. The operating system is Linux Debian (with different kernel versions
in different nodes), Globus v1.1.4 is used as middleware and MPICH-G2 is the
message passing interface library available for parallel applications. With regard
to the network characteristics, there are two different networks interconnecting
the nodes, a Fast Ethernet network with a maximum bandwidth of 100 Mbps,
and an Ethernet network with a bandwidth of 10 Mbps. Figure 1 shows the
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Table 1. Times and speedup for 60 iterations using a Fast Ethernet network.

processors|total time|exec. time|{comunic. time|startup time|speedup
Sequential| 2344 2344 0 0 -

2 1479 1469 431 10 1.58

3 1121 1106 341 15 2.09

4 954 934 294 20 2.46

5 836 810 238 26 2.80

6 769 738 214 31 3.05

7 734 698 215 36 3.19

8 709 668 203 41 3.31

Table 2. Times and speedup for 60 iterations using an heterogeneous network.

processors|total time|exec. time|comunic. time|startup time|speedup
2 2479 2470 1015 9 0.94
3 1741 1724 635 17 1.35
4 1406 1386 496 20 1.67
5 1222 1194 409 28 1.92
6 1098 1067 354 31 2.13
7 1039 1000 344 39 2.25
8 969 916 344 53 2.42

network configuration. At this moment, our experimental Grid platform consists
of 14 computing nodes, however, it can be easily extended by adding new PC
systems.

Tables 1, 2, 3 and 4 show execution times in seconds consumed by our pro-
gram and the speedup achieved with respect to the sequential version of the
model. The total time represents the elapsed time from the program submission
to the Grid (from the user local machine) to program conclusion. The execution
time is the time consumed while the program is running, i.e., from the first sen-
tence until the last one. The communication time is the time the root processor
spends on distribution and gathering data among the processors. The difference
between the execution time and the total time is the startup time.

Tables 1 and 3 show results for the situation where 60 (1 hour of real time)
and 300 (5 hours) iterations, respectively, of the parallel code are running on
nodes linked through the Fast Ethernet network, while Tables 2 and 4 show
results when the nodes involved in a parallel execution are linked through the
two different available networks (Fast Ethernet and 10Mbps Ethernet). Note
that the communication time goes down in all the cases when the number of
processors increases. This is because the more processors we have, the less data
need to be sent to each processor. If the number of data to be communicated is
larger than the maximum length provided by the system, the data has to be split,
and several communications among the processors are needed. The number of
communications will depend on the message size, which decreases as the number
of processors increases.
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Table 3. Times and spcedup for 300 iterations using a Fast Ethernet network.

processors|total time|exec. time|comunic. time|startup time|speedup
Sequential| 13495 13495 0 0] -
2 7750 7740 2061 10 1.74
3 5752 5737 1694 15 2.35
4 4737 4717 1644 20 2.85
5 4143 4117 1437 26 3.26
6 3772 3741 1395 31 3.58
7 3592 3556 1516 36 3.76
8 3410 3369 1504 41 3.96

Table 4. Times and speedup for 300 iterations using an heterogeneous network.

processors|total time|exec. time|comunic. time|startup time|speedup
2 12340 12331 6751 9 1.09
3 8946 8932 4817 14 1.51
4 7145 7125 3927 20 1.89
5 6066 6038 3370 28 2.22
6 5412 5381 3006 31 2.49
7 4978 4939 2904 39 2.71
8 5111 5060 2978 51 2.64

As it can be observed from these results the interconnection network in a MPI
execution is a critical factor to obtain good performance results. The speedup
using the heterogeneous network decreases due to the slower interprocessor com-
munications. Moreover, our experimental platform uses a local network, so the
performance will decrease even more if the nodes belong to different organiza-
tions and they are linked through a wide area network. This should be taken
into account in the design of the scheduler tool in the CrossGrid project.

Note that the results, improve when the number of iterations increases. This
is because the startup time depends linearly on the number of processors but it
is independent of the number of iterations. Thus, its significance decreases when
the number of hours simulated grows.

Figure 2 shows graphically the speedup achieved with these four configura-
tions The relatively low speedup obtained is due to the characteristics of the used
network. In our experimental platform the network is slow and it is shared by
all the machines in our laboratory, approximately 70. The results are expected
to be better if a dedicated network is available in the Grid for message-passing
executions. Table 5 shows the results obtained in the execution of 300 iterations
of the program in a cluster of PC’s. The cluster consists of 16 Pentium III at 1
GHz interconnected through a Myrinet network with a maximum bandwidth of
200 Mbyte/sec.

Although better results are obtained in a Cluster, as was to be expected, the
execution in a Grid is justified by its acceptable performance at a low cost. If
the final CrossGrid Testbed offers a dedicated network this benefit will increase.
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Fig. 2. Speedup obtained in different situations.

4 Work in Progress

As soon as the infrastructure of the CrossGrid project will be ready to perform
MPI executions we will test the air quality simulation on the testbed platform.
The Grid-enabled version described in this paper is portable to any Grid infras-
tructure, however, according to the new results we might develop new approaches
to increase the performance taking into account the specific characteristics of the
CrossGrid platform. Currently we are working about different data distribution
in order to obtain a better load balancing.

On the other hand, in a Grid platform, made up of a large number of nodes,
the probability of fault in any part of the system is high. Thus, it would be
advisable to endow the application with any kind of fault tolerance mechanism.
Currently we are studying fault tolerance options for the air quality simulation.
The main idea is to save periodically the state of the application to a check-
pointing file and to restart the application from the last checkpoint in case of
fault.

Until now we have obtained good results using the Ckpt library [10] in the
sequential simulation. However, the main inconvenience is the overhead of writ-
ing checkpointing files. One alternative we are testing is to use the libckpt li-
brary [11]. This library allows “user—directed checkpointing”, i. e., user can sup-
ply directives to minimize the size of the checkpointing files.

The main problem we have found to design our application involving fault
tolerance techniques is how to perform the checkpoint when dealing with the
message—passing interface. Since the application is iterative, we plan, as future
work, to checkpoint to a file the iteration in progress and the necessary variables
to restart the program from that iteration. The main advantages of this approach
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Table 5. Times and speedup for 300 iterations in a Cluster of PC'’s.

processors|exec. time|comunic. time|speedup

Sequential| 10064 0 -
2 5712 418 1.76
3 4131 346 2.43
4 3285 302 3.06
5 2782 264 3.62
6 2447 233 4.11
7 2210 287 4.55
8 2027 269 4.96
9 1887 285 5.33
10 1789 188 5.62
11 1711 119 5.88
12 1624 165 6.20
13 1542 226 6.52
14 1538 221 6.54
15 1470 152 6.84
16 1388 216 7.25

are the portability and its easy extension to the parallel simulation, although it
requires an exhaustive analysis of the variables from the programmer.

5 Conclusions

In this paper we have presented a Grid-enabled solution for the STEM-II air
quality simulation model using the Globus Toolkit and the MPICH-G2 library.
In order to test the application we have built our own Grid platform using
resources available in our laboratories.

At the sight of the obtained results we can state that the interconnection
network is a critical factor to obtain good performance results. In a real Grid the
network load, its latency and its bandwidth will affect to the obtained speedup.
The network characteristics will have to be taken into account by the CrossGrid
scheduler tool when submitting a parallel job.
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Abstract. We study the efficiency of different alternatives for a scalable
parallel implementation of the self-organizing map (SOM) in the GRID
environment of variable resources and communications. In particular, we
consider an application of data mining in Meteorology, which involves
databases of high-dimensional atmospheric patterns. In this work, we
focus in network partitioning alternatives, analyzing their advantages
and shortcomings in this framework. As a conclusion we obtain that
there is no optimal alternative, and a combination (hybridization) of
algorithms is required for a GRID application.

1 Introduction

The CrossGrid project is one of the ongoing research projects involving GRID
technology (http://www.cyfronet.krakow.pl/crossgrid/). One of the main tasks
in the Meteorological applications package is the implementation of data mining
systems for the analysis of operational and reanalysis databases of atmospheric
circulation patterns. An important problem for many meteorological applica-
tions is clustering (or partitioning) the databases to find a set of representative
prototypes of the atmospheric patterns in a region of interest. In this paper
we analyze an unsupervised data mining clustering technique known as Self-
Organizing Map (SOM), and study the suitability of different scalable parallel
implementations for the GRID environment. Previous SOM parallel algorithms
have focused on parallel computers with predetermined resources (processing
units) and high-performance communications (see [1] and references therein).
The main goal in this projects is designing an adaptive scheme for distributing
data and computational load according to the changing resources available for
each GRID job submitted. To this aim, some preliminary work is needed to un-
derstand the limitations and requirements of different parallel implementations
of the SOM algorithm. In this paper, we analyze two different implementations
for distributing computational resources, showing that none of these methods is
the most efficient for all situations, but a hybrid strategy is needed.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 163—170, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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2 Meteorological Databases

Meteorological data mining applications work with huge meteorological data-
bases created by reanalysis projects such as NCEP/NCAR and ERA/ECMWEF.
The NCEP reanalysis project covers the period from 1958 to present integrating
a T62L.28 model with 1.875° resolution. On the other hand ECMWF ERA re-
analysis project extends from December-1978 to February-1994 (ERA-15) using
a T106L31 model with 1.125° resolution; an extension of this reanalysis from
mid-1957 to 2001 (ERA-40) is still under development (0.675° resolution). In
both cases the total information volume is on the order of Terabytes, since data
from approx. 20 variables (such as temperature, humidity, pressure, etc.) at 30
pressure levels of a 360 x 180 nodes grid is stored. For instance, Fig. 1(a) shows
the grid covering Europe used for these models.

(@)
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Fig. 1. (a) European region of ERA reanalysis grid (separation is 2.5° in meridians
and parallels). (b) Surface temperature fields corresponding to 25 prototypes obtained
with the SOM algorithm. For instance the upper-left prototype shows a isolated cold
mass of air over Britain.

The above meteorological information is stored in databases world-wide using
different formats (CDF, GRIB, etc.). The final goal of this work is developing a
web service for SOM clustering meteorological information for user-selected geo-
graphical regions. Therefore, all the information (input and output) is formatted
using XML schemas.

In particular, the above meteorological information is handled using the sim-
ple XML schema shown in Fig. 2. A particular instance is shown below:

<?7xml version="1.0" encoding="UTF-8"7> <Class
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:noNamespaceSchemalocation="meteo.xsd">
<Stream model="Wave model">
<Version walue="4096">
<Type type="Forecast'">
<Date>1967-08-13</Date>
<Time>12:00</Time>
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<Step>24</Step>
<Number>0</Number>
<Level type="Pressure level">1000</Level>
<Parameter table="ECMWF">Z</Parameter>
</Type>
</Version>
</Stream>
</Class>

Fig. 2. XML schema for meteorological information of atmospheric circulation models.

3 Self-organizing Maps

Self-Organizing Maps (SOM) is one of the most popular data mining techniques,
which is especially suitable for high dimensional data visualization, clustering
and modeling (see [2] for an introduction). It uses an unsupervised learning al-
gorithm (no domain knowledge is needed and no human intervention is required)
for creating a set of prototype vectors (cluster centers) representing the data.
Moreover, a topology preserving projection of the prototypes from the original
input space onto a low-dimensional lattice (usually a 2D lattice) is carried out;
for instance Fig. 1(b) shows a 5 x 5 SOM obtained from the ERA database for
the temperature fields of the European region. Thus, the resulting ordered lat-
tice can be efficiently used for extracting data features (like the situation of a
isolated cold mass of air over Britain shown as a blue circle in the upper-right
prototype of Fig. 1), clustering the data (such as the 25 clusters represented by
the prototypes shown in Fig. 1), etc. Self-Organized maps have been recently
applied in several meteorological problems, such as classifying climate modes
and anomalies in the area of Balkans [3].

As shown in Fig. 3, a SOM is formed by an arbitrary number of clusters
Ci,...,Cn, located on a regular low-dimensional grid, usually a 2D lattice for
visualization purposes (in this case m = s x s). The vector p = (i, J) represents
the position of cluster Ck on the lattice, where 1 < ¢,5 < r. Moreover, each
of the clusters Ck has also associated a prototype vector ¢x = (Ck1,--.Ckd),
which describes the position of the cluster’s center on the d-dimensional data
space (some thousands of real numbers, for characterizing atmospheric patterns).
For instance, if we define daily surface temperature patterns using the informa-
tion provided by the reanalysis ERA-15 at 12 UTC, then the resulting data
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vectors (v¥,...,v%), k = 1,...,n, with n = 15 x 365 = 5500 and dimension
d = 60 x 30 = 1800, would characterize the evolution of surface temperature
over Europe the period 1979-1993. Therefore, a SOM trained to this data would
find some representative configurations (prototypes) displayed on a 2D lattice
which preserve original distances, hence self-organizing the obtained prototypes.

5x 5 SOM
DATA
/C,AJ Ci| Co| C3| C4| Cs
"2 v e
N /1Ce| C7| Cg| Co|Cyg
v} V3 N
Oyl C11] C12| C13 [ Ca | Cys
. . 3
— | 24846 €17 Cia Ci9| Cyo
v V] =
Cd € 22| C23| Ca4| Cys

Fig. 3. Structure of a self-organizing map.

The vectors of the SOM are first initialized to random values. The goal of
the training algorithm is iteratively adapting the prototype vectors, so the final
prototypes become to represent a cluster of data vectors (those which are closer
to the prototype). What makes SOM different from other clustering algorithms
is that the training process includes a neighborhood adaptation mechanism so
neighboring clusters in the 2D lattice space are quite similar, while more distant
clusters become increasingly diverse. Therefore, SOM provides us with a neigh-
borhood preserving mapping from a high dimensional space to the 2D lattice
which quantizes the original data by means of m prototypes (the final prototype
vectors of the SOM).

The batch implementation of the training proceeds in cycles; on each cycle,
all data vectors are considered iteratively, one at a time (v;), and the best-
matching (or “wining”) prototype ci, is obtained as the one minimizing the
Euclidean distance to the data vector:

[Jvi — ek || = ming|lvi — ckll, k=1,...,m. (1)

After each cycle the prototypes are moved according to the wined data vectors
and also to its neighbors:

o = >ies i Mlps — pr.l)
- 113

T X hlpy — pedD)
where the function h(|[p1 — p2||) is a neighborhood kernel which measures dis-

tances of clusters on the 2D lattice and determines the rate of change of cluster
centers close to the winner unit in the lattice (usually a Gaussian function is

i=1,...,m. (2)
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considered: h(z) = exp(—x/s(t))). The variance of the Gaussian neighborhood
kerned s(t) decrease monotonically with time, softening the topologic constrains
— a linear decay to zero is usually chosen for these functions. — For a detailed
description of different implementations of the method, the reader is referred to
Ojaet al. [2].

4 Parallelization in the GRID Environment

In this work we focus on the performance of different parallel implementations
of the SOM training algorithm (2). To this aim we have used a cluster of 80
x220 IBM servers, Pentium III, 1.26 Ghz with 512 MB RAM, and 90 GB hard
disks, connected with 100 Mbps Ethernet LAN (see http://grid.ifca.unican.es/
for details); each one of these servers constitutes a computing unit of the net-
work. All the programs have been developed in C language using the MPICH-p4
implementation of Message Passing Interface (in the future, experiments in a
GRID environment will be carried out using Globus Toolkit). Due to the inho-
mogeneous cluster communications in the GRID environment, one of the main
problems is the size and amount of messages sent and received during the algo-
rithm. Thus, a centralized master-slave architecture is chosen to avoid intensive
message passing among computing units. Moreover, in the GRID environment
the master should also check the computing units during the algorithm, and take
decisions if any of them is not working properly. This point of view is different
from other parallel implementations of SOM which use massive message passing
on parallel machines [1].

The simplest form for parallelizing the SOM algorithm is splitting up the
data, and hence the sum in (2), between different processors, as shown in Fig.
4(a). However, in this case, after each complete cycle the slaves must send the
prototypes to the master, which computes them up, sending the final centers back
to the slaves. This is not an efficient implementation for the GRID environment,
since it requires intensive message passing of high-dimensional data.

Figures 4(b) and (c) show two different alternatives called SOMp and SOMc,
respectively, for distributing computational resources with replicated (and cen-
tralized) prototype vectors (a pseudocode of these algorithms is given in Fig.
5). The different messages required for each of the schemes are shown in the
figure using dashed lines, which may correspond to either an iteration of the
algorithm, or a whole cycle. In Fig. 4(b), messages are minimized in size, but
the prototypes should be replicated and updated in each computing element
(SOMp). On the other hand, in Fig. 4(c) calculations are only performed at the
master, but messages to update the centers are sent to the slaves after each cycle
(SOM¢). In both cases, the calculation of distances in (1) is equally distributed
among the slaves. Therefore, a SOM with m clusters would be split up on the
P slave processors, each of them computing m/p distances. Both point-to-point
(MPl _Send and MPI _Recv) and collective (MPl _Bcast and MPl _Gat her) commu-
nications have been used between the master and the slaves in different points
of the algorithm.
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Fig. 4. Three different parallel schemes for the SOM training algorithm: (a) distribut-
ing data (b), SOMg distributing computational resources with replicated prototype
vectors, (¢) SOMc distributing computational resources with centralized prototype
vectors.

To check the efficiency of these algorithms, we performed several experi-
ments varying the number of clusters m, the dimension of data d, the size of
the database n, and the number of cycles. Figure 6 shows the speedup curves
obtained for d = 500, n = 5500 and variable SOM size (from 10 x 5 = 50 to
40 x 40 = 1600 clusters, or prototypes); the cluster prototypes are distributed
in two, four, up to twenty processing units, obtaining the speedup curves for
SOMpg and SOM¢ schemes. In Fig. 6(a) we can see how the speedup of the
SOMpEp algorithm highly depends on the size of the SOM. This is not surprising,
since in each iteration of the algorithm the master computes the winner and send
it back to the slaves. This communication process ruins the parallel performance
when the number of clusters is too small, since the computation of distances is
done quick. On the other hand, Fig. 6(b) shows the speedup of the SOM al-
gorithm. It achieves better speedup curves for small and medium network sizes,
up to a given number of processing units. When the balance between message
passing and slave computation is lost (e.g., by increasing the number of processor
and, hence, decreasing the work done by each of them) the algorithm suddenly
becomes inefficient, because of the expensive high-dimensional messages.

These results indicate that none of the schemes is the most efficient for all
situations. Therefore, a hybrid strategy for distributing first data and, then,
computational load is needed. This adaptive hybrid scheme is suitable for GRID
environment, since the distribution of data and computing resources can be done
according the changing resources available for each GRID job submitted.
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— A m=rxr SOM is considered; cx and wi € IR? represent the center of cluster

C before and after applying topological constraints, respectively.
— P + 1 processors are used (1 master and P slaves).

- T:c{l1,...,m},i=1,.--, P, indices of the prototypes assigned to processor i.

(code slave)
Initialize prototype vectors in all processors
for (epoch =1, -+, Nepoch)
Initialize center vectors to 0
for (pattern =1,---, Npattern)
for (each j € T})
compute distance d;
end for
compute winning node g; in T;
MPI_Gather to communicate g¢; to master
{1}
end for
{*2}
for (each j € T3)
update prototype vector wj
end for
end for

(code master)
for (epoch =1, -+, Nepoch)
for (pattern =1,- -, Npattern)
MPI_Gather to receive g; from each slave
compute winning node g
{*s}
end for
{*a}

end for

PARSOM R

{*1} MPI_Recv to receive winner node g from Master

{*2} Nill

{+*3} MPI_Bcast to communicate the winner node g to Slaves

{*4} Nill

PARSOM C

{*1} Nill

{*2} MPI_Recv to receive the center vectors from Master
{*3} update center vectors

{*4} MPI_Bcast to communicate center vectors to Slaves

Fig. 5. Pseudocode of the SOMg and SOMc parallel algorithms.
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Fig. 6. Speedup for (a) SOMg (b) SOMc.
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Abstract. The present contribution describes a potential application of
Grid Computing in Bioinformatics. High resolution structure determina-
tion of biological specimens is critical in BioSciences to understanding
the biological function. The problem is computational intensive and dis-
tributed computing and Grid Computing are thus becoming essential.
This contribution analyzes the use of Grid Computing and its poten-
tial benefits in the field of electron microscope tomography of biological
specimens.

1 Introduction

Electron Microscopy (EM) is central to the study of many structural problems
in BioSciences. Electron Microscope Tomography allows the 3D investigation
of structure of biological specimens over a wide range of sizes, from cellular
structures to single macromolecules. Knowledge of 3D structure is critical to
understanding biological functions at all levels of detail.

Depending upon the nature of the specimen and the type of structural in-
formation being sought, different approaches of data collection and 3D recon-
struction are used. For complex specimens, such as subcellular structures, the
so-called “Electron Tomography” (ET) [1,2] approach is used, in which a set
of large images is acquired at different orientations from a single specimen, via
tilting it around one axis. For specimens in the macromolecular domain the so-
called “3D Electron Microscopy” (3DEM) [3,4] is used, which involves processing
thousands EM projection images, taken at very different orientations, to derive
the 3D structure at resolution typically in the range of 6-20 Angstroms.

Rigorous structural analyses require that image acquisition and reconstruc-
tion be robust and introduce as little noise and artifact as possible at the spatial
scales of interest, for a proper interpretation and measurement of the structural
features. As a consequence, sophisticated tomographic algorithms have to be
used to reconstruct biological specimens.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 171-181, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Currently, the standard tomographic reconstruction method in the field is
Weighted Backprojection (WBP) [5]. The method simply distributes the known
specimen mass present in projection images evenly over computed backprojection
rays. In this way, specimen mass is projected back into a reconstruction volume
(i.e., backprojected). When this process is repeated for a series of projection
images recorded from different tilt angles, backprojection rays from the different
images intersect and reinforce each other at the points where mass is found in
the original structure. Therefore, the 3D mass of the specimen is reconstructed
(Figure 1). The relevance of WBP in ET mainly stems from its linearity and
its computational simplicity. However, its main disadvantages are (i) the results
may be strongly affected by limited tilt angle data obtained with the microcope,
and (i1)) WBP does not implicitly take into account the noise conditions.

Fig. 1. Three-dimensional reconstruction from projections by backprojection. The pro-
jection images are projected back into the volume to be reconstructed.

The combination of iterative reconstruction methods with smooth basis func-
tions (the so-called blobs, see Fig. 2) —as opposite to the well-known voxels— has
been proven to be well suited for structural analysis under the extreme noise
conditions in electron microscopy [6,7]. Conceptually, iterative methods proceed
in the following way (Fig. 3). First, they start from an initial model. The model
is progressively refined as iterations evolve. In every iteration, (1) projections

Fig. 2. Blobs. Right: profile of a blob: continuous function with smooth transition
to zero. Center: Arrangement of overlapping blobs on a simple cubic grid. Left: For
comparison purposes, arrangement of voxels on the same grid.
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Iterative Reconstruction Algorithms
Conceptual scheme

Fig. 3. Conceptual scheme of iterative methods for 3D reconstruction from projections.

are computed from the current model; (2) the error between the experimental
projections and the computed ones is calculated; (3) the model is refined so that
the error is minimized through “error backprojection™).

These 3D reconstruction algorithms are characterized for their huge compu-
tational demands which come from (a) large memory requirements and (b) long
computation times. The specimens subject of structural analysis rank from the
subcellular level up to macromolecular level. In practice, this implies that the 3D
reconstruction processes must deal with huge data volumes. In ET, hundreds of
large projection images are combined to yield reconstructed volumes in the order
of 229 float-point numbers. In 3DEM, thousands of projection images (hundreds
of thousands are expected for a near future) are combined to yield reconstructed
volumes in the order of 2?9 float-point numbers. Therefore, it is clear that 3D
reconstruction is by itself a really heavy computational task.

On the other hand, reconstruction methods are also characterized by a rela-
tively large set of free parameters. In order to fully exploit the capabilities of the
algorithms, these parameters have to be optimized. The optimization aims at
tuning the reconstruction algorithm for the specimen under analysis. This opti-
mization may involve launching thousands of 3D reconstructions by following a
certain optimization algorithm (brute force, gradient-driven, random-search, etc)
to determine the optimal parameters. So, the optimization process is definitely
much more computational resources consuming than the own reconstruction.

In summary, we are dealing with a grand-challenge application: the 3D recon-
struction of biological specimens at medium/high resolution, which involves (a) a
previous really-heavy procedure of parameter optimization to tune the algorithm
and prepare it for its production stage, and (b) the structure determination of
the biological structures by using the previously tuned algorithm.
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Fig. 4. Left: Single-tilt axis acquisition geometry. The slices are those one-voxel-thick
planes orthogonal to the tilt axis. Center: The slices are depicted with columns, and the
circle represents a generic blob which extends beyond the slice where it is located. Right:
Blobs create a pseudo-continuous 3D density distribution representing the structure.

2 Parallel Strategies for 3D Reconstruction

Our group works in the development and application of strategies of distributed
computing to structure determination of biological specimens by means of reg-
ularized iterative reconstruction methods. So far, we have developed an efficient
strategy for tomographic reconstruction of subcellular structures [8] to work on
clusters of workstations. Currently, our group also works in distributed strategies
for 3DEM of macromolecules and viruses and for parameter optimization [9].

The parallel strategies that have been developed are based on domain decom-
position and the SPMD model (Single Program, Multiple Data) in which every
node in the system carries out, essencially, the same task over its own data do-
main. However, the concrete strategy finally adopted depends on whether the
structural analysis is based on ET or on 3DEM.

In ET, the single-tilt axis data acquisition geometry (Fig. 4) allows a data
decomposition consisting of dividing the whole volume to be reconstructed into
slabs ofslices orthogonal to the tilt axis (Fig. 5). The SPMD model then involves
that the task to be carried out by every node is to reconstruct its own slab. Those
slabs of slices would be independent if voxel basis functions were used. However,
due to their overlapping nature, the use of blobs as basis functions makes the
slices, and consequently the slabs, inter-dependent (see Fig. 4). Therefore, several
times per iteration during the reconstruction process, there is a need for data
communication among the nodes. We have developed an efficient Latency Hiding
strategy [8] to minimize the penalty due to communication (Fig. 6).

In 3DEM, the SPMD model consists of splitting the set of projection images
into groups, and distribute the groups across the computing nodes (Fig. 7). The
nodes then process the particles in parallel, and once per iteration, they commu-
nicate the results to obtain the solution. This strategy proves to be interesting to
analyze due to the implications in the convergence of the algorithm. The parallel
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Volume: Set of 2D slices

Fig. 5. Data decomposition in ET. Every node in the parallel system receives a slab
including unique slices (light-gray), and additional redundant slices (dark-gray).
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Fig. 6. Speedup for the efficient parallel strategy described for ET using different
iterative reconstruction methods. These curves were measured in a cluster of PC-
workstations connected via Fast-Ethernet. L.H. stands for “Latency Hiding” [8].

strategies allow to reduce the computation time per iteration but, however, may
reduce the convergence rate of the algorithm [9].

The use of WBP instead of these sophisticated regularized iterative methods
would make the parallelization straightforward. In ET, the reconstruction of
each of the one-voxel-thick slices orthogonal to the tilt axis of the volume would
be assigned to an individual node on the parallel system. In 3DEM, the strategy
would be exactly the same as described above for iterative methods, except that
no iterations would be needed. In ET of large specimens, parallel computing has
already been applied to large-scale reconstructions by means of WBP [10].

3 Grid Computing in 3D Reconstruction

Our group is now interested in heterogeneous distributed and grid environments
for these sort of grand-challenge applications. So far, the only Grid Computing
approach in the field of tomography of biological specimens is being developed by
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Fig. 7. Data decomposition in 3DEM. The whole set of images is distributed across
the nodes. Every node carries out a 3D reconstruction with its own dataset. The final
result of the iteration is obtained as a combination of the partial reconstructions.

our collaborators at the National Center for Microscopy and Imaging Research
and the San Diego Supercomputing Center [11]. This approach is focused on
ET of subcellular structures and is based on the simple WBP method, whose
grid implementation is straightforward. One slice of work is assigned to a node
at a time until all slices have been processed. The approach has a co-allocation
strategy implemented so that available information from the batch scheduler is
used to deploy the application in a grid environment. That sort of application-
level scheduler is well suited to deal with the space-shared resources on the grid.

As stated above, our group develops regularized iterative tomographic re-
construction methods that yield better solutions under the conditions found in
electron microscope tomography. Due to the computational complexity of these
sophisticated methods, computational grids are being considered very attractive
enviroments for high resolution structure determination of biological specimens.
From the description in the sections above, two types of potential applications for
grids can be distinguished: The optimization of the parameters for the problem
at hand and the tomographic reconstruction itself.

— The parameter optimization. This is a class of application of “high-through-
put computing”: The grid should schedule large numbers of “independent
tasks” with the goal of putting unused processor cycles (from idle, for ex-
ample, computers in the grid) to work. Here, the “independent tasks” would
be the different reconstruction processes with different parameters values
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involved in the optimization procedure. In a “high-throughput computing”
approach, the user expects to get as many commited tasks as possible in a
time interval or, in other words, the grid manages all its resources efficiently
so that the maximum amount of his/her work is done.

The final 3D reconstruction process. This is a class of application of “dis-
tributed supercomputing”, in the sense that the grid should aggregate sub-
stantial computational resources in order to tackle the problem that could
not be solved (or could take a really huge computation time) on a single
system. So far, this type of procedures has been dealt with by means of
“parallelization” techniques, using supercomputers or clusters of worksta-
tions, that alleviate the high computational demands. The grid then arises
as a further step in this parallelization approach. The grid should provide
the capabilities to use its hundreds or thousands of nodes as a large het-
erogeneous system. In a “distributed supercomputing” approach, the user
expects to get the results as soon as possible. Thus the grid should allocate
a set of its nodes to execute user’s application in a “dedicate” way.

First Steps towards Implementation

4.1 Grid Software

The very first step to get a grid system working is to choose the software which
will manage the capabilities that such an environment offers [12]. Some options

are

easily available through the Internet and many of them are open source so

we must know which of those packages suites our requirements:

Availability and productivity: Grid technologies aim at making all the sys-
tems inside an organization accesible to every member who may need it. The
process of accessing those systems should be transparent and easy for the
user. The system usage must be optimized so systems should not be over-
crowded while others remain idle. The grid must provide information and
scheduling mechanisms which will work together to make the best possible
use of the resources. Making a good use of those mechanisms will increase
productivity within an organization.

Security: Authentication and authorization must be guaranteed within a grid
system in order to avoid that privileged information could be compromised
and that wrong people use non-authorized resources. Therefore the grid soft-
ware must provide such mechanisms as well as encryption tools for secure
communication.

Data management: Due to the big amounts of data we are dealing with,
the grid must provide tools for data management as secure and reliable file
transfer, staging of executables, access to storage resources, use of remote
data, etc..

Scalability: Once the grid is running, it should not be affected by additions of
new machines and other facilities to the grid structure. Therefore non server-
centralized strategies are advisable. It is desirable that all the systems within
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an organization are homogeneous but it is often impossible. Therefore the
grid must provide ways to deal with heterogeneity problems mainly in terms
of inter-process comunication.

Taking into account those requirements, and the features offered by the avail-
able packages, we have decided to use Globus Toolkit [13] as our grid middleware.
Globus provides us with:

— The Grid Secure Infraestructure: also called GSI, it provides all the security
management of the grid using public encryption for sensitive data, certifi-
cates for the authentication and authorisation, and SSL for the communica-
tion protocols.

— Information Services: The Globus Metacomputing Directory Service (MDS)
provides mechanisms to build information systems so that we can query
the grid about available resources. This can be a hierarchical information
system so that adding new resources should not represent a big problem as
it is updated automatically.

— Resource Management: The Globus Resource Allocation Manager (GRAM)
is used for resource allocation and jobs submission. Using Resource Specifi-
cation Language (RSL) we can query for multiple resources at a time, and
GRAM will manage to allocate all of them if available.

— Data Management: GridFTP implements a data transfer protocol. GridFTP
provides a secure, fast and reliable way to transfer files from one resource to
another. There are more data management tools like the Global Access to
Secondary Storage (GASS). These services make the access to remote filesys-
tems transparent and are very useful to reduce data management problems
such as incoherent or redundant information.

On the clusters belonging to the grid, scheduling policies like batch system
queues have been implemented. In our case we are using OpenPBS (Portable
Batch System) but we are testing different alternatives like Condor-G, which
has the ability to make use of the idle CPU cycles of all the computers it is
installed in. Condor-G is compatible with Globus, implying a big advantage in
terms of integration.

Information services are vital in grid applications as they provide dynamic
monitoring of the system allowing us to choose which systems perform better and
their capabilities. Therefore, we can make predictions about the performance in
our applications using specific systems across the grid and dinamically modifying
the used resources in order to obtain better results. It should be desirable to
build an automatic fully-adaptable execution system. We can find an important
example of adaptative system in [14].

4.2 Parameters Optimization

The first application we are developing focuses on the task of parameters opti-
mization. As described before, this is a “high-throughput computing” application
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which will take a great advantage of grid strategies. We are working with the
Parallel Constrained Biased Random Search (PCBRS) [15] algorithm, an iter-
ative algorithm for global optimization. Figure 8 shows the scheme of a global
optimization application on a grid. The resources will be interconnected using
grid tools like job submission, data transfer, scheduling policies, etc. The user
will pass some parameters to the optimization process like number of iterations,
number of systems to use and memory required so that the grid will look for
the optimal group of available systems. Then, using an application-Globus inter-
face, the optimization algorithm will send properly formed Globus job requests
to Globus-enabled hosts so that they will carry out their own reconstruction
using their own parameters. Once the different reconstructions are finished, the
results are collected and evaluated using PCBRS. Then new reconstructions will
be launched. This is an iterative process and it will finish when the solution
reaches the accuracy requested by the user.

: ; GLOBUS | H SCHEDULER
i i e Lam” : GATEKEEPER | (PBS, CONDOR....)
¥ | - . : o e
: INTERFACE :
: 4 :
: v P RECONSTRUCTED
: : : Vi
; |i}UR PROGRAM l P SLOME
i/ USER WORKSTATION P | RECONSTRUCTION
e | (MAY BE PARALLEL)
PARAMETERS
GLOBUS-ENABLED SERVER ;

Fig. 8. Logical schema of globus usage for parameters optimization process using grid
technologies.

4.3 Reconstruction

Once the parameters are optimized, the optimal parameters will be used for the
“production stage” of the 3D reconstruction algorithm. The optimal parameters
will tune the reconstruction for the specimens under study. 3D reconstruction
by itself is a highly computational resources demanding process, and hence it
is of a great interest to improve its efficiency by using parallel computing. As
stated above, some efficient strategies have been developed to parallelize those
reconstruction algorithms focused on clusters of workstations. Similar parallel
strategies could be used for the grid implementation of the reconstruction algo-
rithms. However, for an efficient execution, homogeneity of the systems would be
highly desirable. Once more, Globus provides us with the tools to select a subset
of homogeneous systems using the Globus Information System. Another alter-
native to explore is the development of the parallel reconstruction algorithms to
be executed in heterogeneous environments. This alternative would exploit more
efficiently the distributed capabilities of the grid.
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5 Conclusion

This article has described a potential application of Grid Computing in Bioinfor-
matics. High resolution structure determination of biological specimens is critical
in BioSciences, but is computational intensive. Distributed computing and Grid
Computing are thus becoming essential.

This contribution has analyzed the use of Grid Computing and its potential
benefits in the field of electron microscope tomography of biological specimens.
The benefits that Grid Computing could provide in the field of electron micro-
scope tomography of biological specimens come into manifest: there are potential
applications to exploit the “high-throughput” and the “distributed supercom-
puting” capabilities of the grid.

Furthermore, in this field, the grid may act as a powerful tool to afford
problems that have not been dared so far. An example of this is the structure
determination of large viruses at high resolution using these sophisticated iter-
ative methods. Another example is the current challenge in the field of electron
tomography, which is the reconstruction of whole cells with sufficient resolution
for visualizing their molecular architecture. Distributed and Grid Computing
will make it possible to afford those “grand challenge” applications currently
unapproachable.
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Abstract. Fast Internet connections and the widespread use of high performance
graphic cards are making Distributed Virtual Environments (DVE) very common
nowadays. The architecture and behavior of these systems are very similar to new
grid computing applications where concepts such as sharing and high scalability
are extremely exploited. However, there are several key issues in these systems
that should still be improved in order to design a scalable and cost-effective DVE
system. One of these key issues is the partitioning problem. This problem con-
sists of efficiently assigning clients (3-D avatars) to the arbiters (servers) in the
system. As an alternative to the ad-hoc heuristic proposed in the literature, this
paper presents a comparison study of two evolutionary heuristics for solving the
partitioning problem in DVE systems. Performance evaluation results show that
heuristic methods can greatly improve the performance ofthe partitioning method,
particularly for large DVE systems. In this way, efficiency and scalability of DVE
systems can be significantly improved.

1 Introduction

Grid Computing and Distributed Virtual Environments (DVE) have evolved together
in the development of high performance 3D real-time applications. A grid system ([5]),
composed of a network of heterogeneous computers, is the logical framework to simulate
a virtual world that is shared by thousands of users.

In a DVE system a collection of users are working on different computers connected
to the Internet running an interactive 3D graphic program that simulates a virtual scene.
Each user is represented in the virtual environment by a humanoid called avatar. Since
this kind of systems supports visual interactions among multiple users in the shared
3D virtual environment, every change in the simulation have to be propagated to other
participants. These participants are located in another computers within the grid system.

In order to handle an important number of avatars in the simulation, traditional archi-
tectures for these applications are based on a central server [15] or a replicated model
[10]. Although both systems can manage more than a hundred of avatars simultaneously
these systems become unfeasible when the number of avatars significantly increases.

Nowadays, parallel to the appearance of Grid computing applications, the way of
developing these systems has changed. Instead of maintaining the whole simulation
within a set of central computers, this is distributed among all the avatars that are currently
running. Each ofthem controls and simulates its surrounding part of the scene and sends
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data to an arbiter node. This new methodology, called server-network architecture, has
let to develop DVE systems with a large number of avatars geographically distanced.
This architecture offers low latency performance and allocates more than three thousand
avatars over Internet in real time. With this scheme, each avatar is sharing the same
resources in the 3D virtual scene and the bottlenecks within the central simulators are
avoided. In this sense, DVE systems can be seen as a large data Grid environment because
of two main reasons. Firstly, the total amount of data within a simulation is segmented
among their members, and secondly the reconfiguration methods for failure tolerance
guarantee the correct working of the entire system.

As figure 1 shows, modern DVE systems contain a large set of clients (avatars)
and servers (data arbiters). In order to manage all the simulation these clients have
to be properly assigned to the arbiters. When an avatar moves in the virtual space it
has to propagate a message through its associated server to the rest of clients within a
certain area of interest (AOI). Depending on origin and destination avatars, two kinds of
communication messages are defined. Fast intra-server communications when both the
sender and receiver are assigned to the same server, and long inter-server otherwise.

1

Wmelsewer communication

& &
ﬁ - Intraserver
fo communication

ADI of avatars O

Fig. 1. Basic DVE communication model.

Nowadays DVE systems are used in a wide variety of applications such as collab-
orative design [14], civil and military distributed training simulations [12], distributed
and interactive e-learning [13] and multi-player games [9].

DVE applications achieve to simulate large-scale virtual worlds through dispersed
and heterogeneous computational resources. However, there are several key issues in
these systems that should still be improved in order to design a scalable and cost-
effective DVE. One of these key issues is the partitioning problem. Defined in [10]
for DVE systems, this hot research problem consists in efficiently assigning the clients
(3-D avatars) to the server nodes in the grid of computers. Effective solutions to this grid
task provide low latency and high scalability to the DVE system.

This paper shows the behavior of DVE in grid systems and proposes two methods to
solve the partitioning problem. These methods are based on evolutionary computation
where a heuristic search scheme using Genetic Algorithms and Simulated Annealing are
used to obtain good partitioning solutions.
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2 The Partitioning Problem. State of the Art

Although a large set of communication models has been proposed in order to support
large DVE systems ([2,15,16]), network-server architectures are becoming a de-facto
standard. In these architectures, interconnected servers, that perform as data arbiters,
organize the simulation control. Multi-platform clients are assigned to one of these
servers, so that, for each avatar movement, a client only sends one update message to
a server, and then the server propagates the message to other server and clients of the
system.

In order to avoid a message outburst when the number of clients increases, areas of
interest (AOI in [10], locales in [1] and auras in [15]) are defined for each one of the
avatars. In this way, messages are only propagated from one avatar to the avatars that fall
into its AOL Depending on which is the destination avatar, intra-server and inter-server
are messages are defined in a DVE scheme (see figure 1). This strategy allows DVE
systems to complete very little workload, storage or messaging in order to maintain a
consistent state among many avatars in a large simulation.

Lui and Chan have modelled the problem of efficiently assigning the clients of the
simulations to the servers of the DVE system, called partitioning problem, as a quality
function. This function estimates how the avatars can be assigned to the servers in order
to ensure a high interactivity and to minimize the network traffic [10].

To achieve this goal, two factors (labelled as C:V and CZI; ) must be considered in an
optimal design of a DVE system:

On one hand, DVE system should balance the workload generated by the avatars
among the servers. This equilibrium is expressed by the CX/ term and, logically, it can
be properly adjusted if servers have different hardware features. On the other hand (C'zf'
term), neighboring avatars should be assigned to the same server in order to minimize
the overall inter-server traffic. Because topological reasons, it is not possible to satisfy
this condition for the majority ofthe avatars. Therefore, it is necessary to find a suitable
topological grouping.

According to these two parameters a cost evaluation function is offered to estimate
the efficiency of a partitioning solution:

Cp=W C;;V"i‘Wg C'pL,such asWi+Wy =10 4}

In this equation, W7 and W denote the relative importance of the computational
workload and the inter-server communication cost mentioned above. In the general
formal case W is equal to W3 and equal to 0.5. It is evident that, when a DVE is
working on a high performance network, the quotient W1/W, may be much greater than
one. Quite the opposite for a DVE working in a slow-shared network or Internet, where
large messages latencies make the quotient to be close to zero.

In [10] authors demonstrate that the partitioning problem is NP-hard and offer a
platform test to scientific community where every approximations to the problem can
be checked and compared. Moreover, a refinement of their initial algorithm is proposed
and a parallelization based on the amount of avatar criteria is presented in [11].

Other approaches have been published, with different denominations, in order to
address the partitioning problem in DVE systems [2,16]. [16] describes an approach that
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groups the avatars following a regular distribution. In order to ensure a high interactivity
to the users, this algorithm generates a number of grouped avatars equal to the number of
servers in the DVE system. This solution does not obtain efficient results when avatars
are located in a non-uniform distribution. [2] rejects dynamic concepts associated to
avatars such as aura, AOI or locale. This technique divides the 3D virtual scene in a
regular grid. For each cell, a multicast group is created. Therefore, avatars which are
sharing a cell are assigned to the same server. This technique is performed by sharing
multicast packets and saves a lot of inter-server messages to the DVE system. Despite
it was a quick and determinist solution, this static classification performs badly when
avatars are distributed in a non-uniform way within the 3D virtual scene. This technique
does not take into account situations where avatars are massively located close to the
frontiers of the cells. In this case it obtains inefficient partitioning solution, in terms of
Cp quality function.

3 A New Approach

Solutions mentioned above for the partitioning problem share the same feature: they are
custom techniques that are defined as ad-hoc heuristics to solve the problem.

As other researchers implement for another kind of problems [3], the solutions pre-
sented in this paper are based on evolutionary computation. In various domains of appli-
cations these heuristics search methods imitate principles of the nature in order to solve
complex problems. Although simplistic from a biologist’s viewpoint, these algorithms
are sufficiently complex to provide robust and powerful search mechanisms. Although a
variety of evolutionary algorithms had been proposed, this paper focuses on design and
development of a solution for the partitioning problem based on genetic algorithms and
simulated annealing.

Genetic Algorithms (GA), by using biological concepts, provide a learning method
based on the idea of evolution by natural selection. Detailed in [7], GA start creating a
population of pre-solution that will evolve generation by generation until it achieves a
good quality population of post-solutions.

In order to solve the partitioning problem, the method proposed in this paper starts
from a initial population of chromosomes. For each iteration, the number of chromo-
somes is equal to the number of partial solutions that the GA needs. For a given time step,
each chromosome will be defined by a descriptor vector giving a possible configuration
for the partitioning of the DVE. Therefore, each element of this vector will have assigned
a range of values equal to the number of servers within the DVE.

The Genetic solution to the partitioning task follows four steps. Each of them has
been adapted to the specifications of the particular problem:

Initial Solutions. To avoid the algorithm spending some of its initial iterations trying
unsatisfactory combinations, good initial values need to be found in order to obtain
low initial Cp costs. A method from pattern recognition, based on Graph-Theoretic
[4], has been adapted to achieve fast initial solutions.

Number of Generations. It is necessary to set a maximum value for the number of
generation in order to reduce the cost of the algorithm without increasing the com-
putational time needed to obtain the solutions.
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Inheritance Mechanism Based on Derivation. Starting with the initial solution new
generations will be found by iteratively applying crossover between elements of
the population. This crossover is represented by a derivative or inheritance scheme.
Therefore, during each iteration a new child will be created for each ofthe N elements
of the current population. Among the 2N chromosomes of the new population, the
N elements with lower C}, will be chosen to be used for the next iteration. In order to
create a child solution from a parent, two boarder avatars (BA) assigned to different
servers will be randomly chosen from the current N chromosomes. BA is an avatar
that although it lies within the AOI of another avatar, it is not assigned to the same
server. These kinds of avatars will be the ones offering a higher probability of giving
a successful permutation since they minimize inter-server communication.

The Mutation Process. Mutation is needed to escape from local minima. Once the
child-vector has been obtained, mutation involves changing at random the server
assigned to one of the elements of the population. Some other mutations such as
the modification of several elements or the crossover between the characteristics of
pairs of chromosomes have also been tested. But after several tests it has been found
that the mutation of just one “bit” is the one offering the best results. It is important to
mention that the mutation is arandom process controlled by a parameter which needs
to be carefully chosen for each specific experiment in order to achieve solutions with
low Cp System Cost.

@'ﬁ @f& gs &t gh &‘b &‘e E& gk

A2 Al0 Al2 Al6 A34 A36 s0 s1  S2
Boarder Avatars (Clients) Servers

[so|si|so[s2]s2[s0]| chromosome

B ———
fs2)s1|s0|s2fs0)fso| crossover Swapping)

[so | 51l@/]| s2][s2][s0|  mutation (Gene)
s1
Fig. 2. Example of iteration: crossover operator and mutation.

In the above figure it is represented how six BA, obtained from the full set of avatars,
are selected and defined as a chromosome. Then a crossover and a mutation are applied
in order to obtain the breeding for the next generation.

The second solution is based on Simulated Annealing (SA). SA is a Monte Carlo
approach for minimizing multivariate functions. Described in [8], this heuristic search
method is based on a thermodynamic theory establishing that the minimum energy state
in a system can be found ifthe temperature decreasing is performed slowly enough. SA
is a heuristic search method that always accepts better solutions than the current solution,
and also accepts worse solutions according to a probability system based on the system
temperature. This method starts with a high system temperature (a high probability of
accepting a worsening movement), and in each iteration system temperature is decreased.
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Thus, SA can leave local minima by accepting worsening movements at intermediate
stages. The search method ends when the system temperature is so low that worsening
movements are practically impossible orwhen N iterations are performed without finding
better solutions.

Each iteration consists of randomly select two different critical avatars assigned to
different servers. Then, the servers that two critical avatars are assigned to are exchanged.
If the resulting value of the quality function Cp is higher than the previous one plus a
threshold T, that change is rejected. Otherwise, it is accepted and the search method
decreases the value of the quality function C;, associated with each assignment. The
threshold T used in each iteration of the search depends on the rate of temperature
decreasing R, and it is defined as

Rxz
T o= R—< N) @

where N determines the finishing condition of the search.

As literature shows [3,8], the two key issues for properly tuning this heuristic search
method are the number of iterations N and the temperature decreasing rate R. Although
they are not shown here for the sake of shortness, we obtained the best results for
SA method with N=3000 iterations and R=1.25. This procedure allows the system to
move consistently towards lower energy states, yet still avoids local minima due to
the probabilistic acceptance of some upward moves. Number of iterations and cooling
schedule were characterized in the process to obtain high-quality clustering solutions.

4 Performance Evaluation

Following the evaluation methodology formulated in [11], it has been empirically tested
adapted evolutionary heuristics in two examples of a DVE system: a SMALL world,
composed by 13 avatars and 3 servers, and a LARGE world, composed by 2500 avatars
and 8 servers. Two parameters has been considered: the value of the quality function
for the obtained partition and also the computational cost, in terms of execution time,
required by the search method in order to provide that partition.

Since the performance of the heuristic search methods may heavily depend on the
location of the avatars, it has been considered three different distributions of avatars:
uniform, skewed, and clustered distribution.

Table 1 and table 2 show the values corresponding to the final partitions calculated
by each heuristic search method for both worlds, as well as the execution times required
for each heuristic search method to obtain that final partition.

For the case of SMALL worlds, since a full solution tree scanning requires only to
explore 313 (1.594.323) different solutions, it is also possible to apply an exhaustive
algorithm in order to compare the different computational times obtained. However it is
not feasible to apply an exhaustive algorithm for the case of LARGE worlds where the
solution tree has a dimension of 82590 different results.

From obtained results, it can be seen that both proposed heuristics provide better
(lower) Cpvalues than the Lui-Chan search method for skewed and clustered distribution
of avatars. Also for all the distributions in SMALL worlds, these achieved Cp values are
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Table 1, Results for SMALL DVE systems.

Uniform distribution|Skewed distribution|Clustered distribution
Time (s.) Cp Time (s.) Cp Time (s.) Cp
Exhaustive | 3.411 6.54 3.843 7.04 4,783 791
Lui and Chan| 0.0009 6.56 0.001 8.47 0.0011 8.76
Genetic 0.002 6.54 0.003 7.04 0.005 7.92
S.Annealing | 0.004 6.54 0.005 7.46 0.004 791

Table 2. Results for LARGE DVE systems.

Uniform distribution|Skewed distribution|Clustered distribution
Time (s.) Cp Time (s.) Cp Time (s.) Cp
Lui and Chan| 30.939 | 1637.04 | 32.176 | 3460.52 | 43.314 5903.80
Genetic 6.598 1779.76 14.593 | 2825.64 | 29.198 4905.93
S.Annealing | 6.35 1707.62 13.789 | 262846 | 29.620 4697.61

very close to the obtained by an exhaustive search. The efficiency of proposed algorithms
becomes important when the virtual world size increases to LARGE worlds. Execution
times are significantly reduced for all the distributions of avatars and obtained solutions
provide solutions where the load balancing and the amount of inter-server messages are
improved.

These results have been obtained using a grid system composed of a network of PC-
based computers. Nowadays, this grid system is installed at the University of Valencia.
Although having a heterogeneous network, all the nodes satisfy some basic graphics
requirements which are being Pentium IV processors with an nVidia graphic card.

5 Conclusions and Future Work

In this paper, a correlation between modern DVE architectures, based on network-server
models, and the behavior of the last grid computing applications has been established.
Because of the segmented information and all developed mechanisms to handle it, mod-
ern DVE perform as any other grid applications with a specific set of problems.

In this paper, a new method for solving the problem of efficient allocation of clients to
servers of the DVE system is presented. This aspect is a key issue that allows to design
scalable and cost-effective DVE systems. Instead of developing an ad-hoc technique
for this NP-complete problem, as other research groups, two methods based on genetic
algorithms and simulated annealing have been properly adapted and tuned to the problem
specifications.

The experiments performed in the proof-of-concept system demonstrate that the
proposed approaches obtain better quality solutions than the main reference in this topic
for the same test patterns. Moreover, it achieves better scalability in large-scale DVE
systems since it presents lower execution time as the virtual world sized is increased.

As future work, the development of an efficient parallelization of the proposed algo-
rithm based on a master-slave scheme is planned. The obtained results in current research
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are currently being applied in the development of a collaborative driving simulator. In
this system, future drivers will share a 3D virtual town where hundreds of drivers will
be connected through a low bandwidth network such as the Internet.
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Abstract. New interactive applications for the GRID environment will
profit from the use of distributed computing techniques like the Mes-
sage Passing Interface (MPI). The data these applications access should
also be distributed for the sake of performance. We describe a method
implemented in the European CrossGrid Project for enabling access to
distributed data sources, for use in High Energy Physics and Meteorology
data mining applications.

1 Introduction

GRID [1] technologies provide access to large shared computing resources dis-
tributed across different facilities. Interactive application like the ones included
in the CrossGrid project profit from the use of distributed computing techniques
like MPI [2]. For example, it has been shown that data mining applications, in
particular the distributed training of a neural network, can speed up well with
the number of computing nodes using MPI (see [3]).

The problem to be addressed in this paper is the access to the heterogeneous
distributed data sources that these applications require. We describe the method
implemented in the Task 1.3 of the European CrossGrid project [4].

We will consider the example of the data collected by the DELPHI [5] exper-
iment at the LEP accelerator at CERN. For physics analysis, the information is
prepared for a given channel. For this paper we have choose the search for the
Higgs boson in the four jets channel (hggq).

2 Datasets and Catalogs

Datasets are the basic information units from a logical point of view. A Dataset
contains data grouped by some characteristic features. These features should be
meaningful for users, so they can choose between different Datasets for their
jobs.

For example, for DELPHI data we define Datasets based in properties like:
energy, processing, flavour... A Dataset can be composed of several files or be
distributed along several databases. We will generically call these components
of the Datasets subsets. Going back to the DELPHI example, for this prototype
we will use our own Monte Carlo background sample generated as a set of files
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in a proprietary format, in this case PAW [6] ntuples, corresponding to a given
coherent data taking period and processing version. In our example the data
corresponds to the years 1999 and 2000, and the fourth processing (referred as
el). This collection of Datasets, that we will label as hqqg-el, contains several
Datasets distinguished by the flavour and energy of the data. We have a total of
16 Datasets in the collection. Each of the Datasets we have used for this work
contains between 20 and 200 ntuples.

We have defined and implemented a Datasets Catalog, as part of our future
Metadata Catalog. The Datasets Catalog contains a list of the Datasets present
in the system, and relates these Datasets with their subsets. These subsets are
identified by a logical file name (Ifi); which is a unique identifier. On a future
step, these identifiers will be linked with the actual copies of the data by a
Replica Catalog (see [7] and [8] for Grid Replica Management topics). Each
copy of a subset is also uniquely identified by a physical file name (pfi). The
Dataset Catalog also includes the Dataset metadata, i.e., the information that
could be relevant for the users to make a decision on which Datasets their jobs
will use.

Information modeling is the basic point when trying to access heterogeneous
distributed data sources. In our case, an XML' model, compatible with the
database structure, provides a good foundation to the variables description. We
have this in XML Schema format in a web accessible repository for each Dataset.
This completes our MetaData Catalog now, but in the future this information
might also be moved to a relational database.

3 Distributed Data Access Services

Distributed data access and pre-processing proceeds in the High energy Physics
(HEP) interactive analysis application design, through Interactive Service
DataBase servers, ISDB (see [9]). Requests are expressed as XML documents,
including the Dataset to access, the filter to be applied, and the description of
the desired Resultset. This is returned in XML format if the requested data
volume is small, otherwise as a handle to cache data or even a query handle for
virtual data.

4 Data Sources

We are using two different kinds of data sources at the present time: PAW [6]
files repositories and relational databases. In both cases the data correspond to
the same Datasets: DELPHI background Monte Carlo simulated data of several
energies.

In the first case, we have implemented for our prototype a service capable
of executing simple queries on our PAW ntuples. The XML document contain-
ing the query is transformed by an XSL? transformation stylesheet in a script

' Extensible Markup Language.
? The Extensible Stylesheet Language.
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| ntuple [IT]—(—--—:E]—| event E?_(*E_E "

1..0:-

Fig. 1. Diagram of the XML Schema for the data input of the Artificial Neural Network
Application.

containing the query parameters, and then used to perform a search for events
matching the given criteria in the PAW ntuple. The query processing mechanism
is a batch session of the PAW program fed by the previously generated script.
The results are transformed back into XML format.

In the second case, we use a typical three-tier application approach for our
prototype. The backend is a RDBMS, and the access to the data is done through
several servlets ([10]) that translate the XML query to SQL, send it through
JDBC to the RDBMS, and transform the Resultset back to XML format.

5 Prototype Implementation

Our prototype implementation is focused on serving data to our parallel ANN
application (see [3]). So the output formats are such that can be directly read
by that application, i.e., the produced XML complies with the XML Schema
defined for the target application data sources. This XML Schema is shown in
Fig. 1.

A PAW Data server has been developed as part of the project (see Fig. 2),
while the IBM IDS? 9.20 is used for the O/R DBMS, following the scheme shown
in Fig. 3. In both cases we use servlets as middleware to process and transform
the XML queries to a format that can be understand by the respective program.

| PAW
oL Data Server:
BRI Slave —— 2 i
l »XSL
A > nwl-:_ulw
Reqit Set :
FKuimoaz
Lol Disk Suipl

, ntuples( )4———9»

Fig. 2. Schema of PAW Data server.

3 IBM Informix Dynamic Server.
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Fig. 4. Diagram of the XML Schema for the queries.
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We have prepared a direct XML query format (see Fig. 4) such that we can
process it for both the PAW ntuples and the RDBMS. This XML format is also
used for the queries to the Dataset Catalog. The Dataset Catalog is also in a IBM
IDS 9.20 server. It has two tables (Dataset and Ntuple), and a view (Catalog)
which is a join of the two tables. The XML queries are parsed by a servlet that
then makes a JDBC connection to the DBMS and returns the list of ntuples,

i.e., their logical file names, in an XML document.

We also have several XSL stylesheets to transform these XML queries into a
format that can be understand by the data source, i.e., SQL in the case of the

RDB and in a “kumac” script in the PAW case.
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For example, the following query in XML format:

<?xml version="1.0" encoding="UTF-8"7?>
<query xmlns:xsi="http://www.w3.org/2001/XMLSchema~instance"
xsi:noNamespaceSchemaLocation="query.xsd">
<select>y34</select>
<select>hfx(2)</select>
<select>hfx(4)</select>
<select>thr(1,4)</select>
<select>xeamin/80.</select>
<select>aqcd</select>
<select>piwwd</select>
<select>piwwb</select>
<select>pizz4</select>
<select>pizzb</select>
<select>xdijm/80.</select>
<select>xeled4/100.</select>
<select>pbeqd (1) /8.+0.5</select>
<select>pbeqd (2)/8.+0.5</select>
<select>pbeq4 (3)/8.+0.5</select>
<select>pbeq4(4)/8.+0.5</select>
<from>hqqanal28_wphact20cc_e206.5_m80.4_1ia0_11_ui</from>
<where>
<inclusive>
<condition field="Y34" type="bigger">0.003</condition>
<condition field="xh2h4" type="smaller">0.9</condition>
</inclusive>
</where>
</query>

will be translated into the following SQL query:

SELECT y34, hfx_2, hfx_4, thr_1_4, xeamin/80, aqcd,

piww4, piwwb, pizz4, pizz5, xdijm/80, xeled/100,
pbeq4_1/8+0.5, pbeq4_2/8+0.5, pbeq4_3/8+0.5, pbeqd_4/8+0.5,
FROM hqgganal28_wphact20cc_e206.5_m80.4_1ia0_11_ul

WHERE Y34>0.003 AND xh2h4<0.9;

or into the following “kumac” script in the PAW case:

exe chain_ww208
cut $5 Y34>0.003.and.xh2h4<0.9
output = 0.
*

id 100 ’> ? 10 -1 2

n/pro 100 //ww/1000.xnn $5
ini = $HINFO(100,’ENTRIES’)
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sh awk -f varlis2.awk queryvars >! genxml.f
n/loop //uww/1000 $5.and.genxml.f([ini], [output])>1
*

A file with the list of the selected variables “queryvars” is also generated in
the PAW case.

The distributed application itself uses the MPICH [11] MPI implementation:
the request on a Dataset is translated into a set of n sub-requests corresponding
to the n subsets of the selected Dataset; these are processed by n nodes, each one
addressing a data server. The actual data servers are selected with the help of
the Replica Catalog. A data server translates the query from its XML description
into a suitable native form, which is processed. The query result is transformed
back into an XML Resultset.

The Interactive Service Database server machine acts as MPI master, broad-
casting the XML query in string format to n slave nodes, who then make this
request explicit to a data server, that can be physically resident in the same hard-
ware resource or not, depending on the optimization proposed by the Replica
Catalog and the Data Access Optimization service.

In order to use the Globus authorization mechanism we have compiled MPICH
with the Globus libraries, this grid enabled version of MPICH is called MPICH-
G2.

6 Preliminary Results

The first results presented correspond to the test in a local cluster environment
(see [12]). The data used corresponds to a HEP application: the distributed
training of a Neural Network in the Higgs Boson search at LEP. The Dataset
“DELPHI-hqq-00-¢” including all relevant variables for the four-jet channel anal-
ysis, amounts to about 64 GB in its native form: PAW ntuples. They have been
also transformed and stored in O/RDBMS, IBM-Informix Dynamic Server 2000
for comparative purposes.

All the Datasets have been stripped across 20 cluster nodes (each one being
an IBM X220 server dual PIII-1.26 GHz processor with 640 MB RAM and 36
GB SCSI and 60 GB IDE disks). The query applied is a simple filter, reducing
from near 1M events to about 300K, and the Resultset includes 16 variables,
later used in the training of the Neural Network with 16-10-10-1 architecture.
A PAW Data server has been developed, while the IDS 9.3 is used for the O/R
DBMS.

Using the PAW based server we have send a query to get from the ww208
Dataset with a total of 944101 events divided in 189 ntuples. We filter the
Dataset to get the events with xh2h4 smaller than 0.9 and Y34 greater than
0.003, and choose 16 variables to get their values returned: y34, hfx(2), hfx(4),
thr(1,4), xeamin/80, aqcd, piww4, piww5, pizz4, pizz5, xdijm/80, xele4/100,
pbeq4(1)/8+0.5, pbeq4(2)/8+0.5, pbeq4(3)/8+0.5, pbeq4(4)/8+0.5. As you can
see, some of them are derived quantities, and have to be calculated before re-
turning the result.
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The filter applied returns 323358 events (around one third part of the total)
in an XML file. The time consumed with the data stripped as told before is 39
seconds.

To compare with we put the complete ww208 Dataset in another machine of
the cluster. The time needed for the same operation was 184 seconds.

Note that processing time alone for the complete Dataset in one machine,
i.e., the time needed to process the “kumac”, previously generated, with PAW,
is 166 seconds. So the actual speedup factor has not been evaluated yet.

7 Conclusions

We have developed a PAW data server that accepts queries in an XML format,
and produces a Resultset file also in XML. The middleware needed to access
both this PAW data server and the RDBMS has been developed using Java
servlets and XSL stylesheets. We have also developed a client MPI application.
The master consults the Datasets Catalog and the slaves access the data servers.
The tests made up to now show a time reduction of a factor near 5. Anyway, we
will need further tests.

8 Future Plans

We will complete the Metadata catalog, inserting in a database the XML Schema
information about the Datasets. We will also study the compatibility of our solu-
tion with the software developed by DataGrid WP2 for Metadata management,
namely Spitfire [13]. The plain servlets are planned to be converted into web
applications.

The main objective, anyway, is to integrate this software with the ANN
application of the CrossGrid WP 1.3 (High Energy Physics), and with the SOM
application of the CrossGrid WP 14 (Meteorology).
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Abstract. Infomation is one of the main resources of a grid environ-
ment. Discovering and monitoring resources are challenging problems
due to the dynamic behaviour, geographic distribution and heterogeneity
of the grid resources. So, Information Services are fundamental in a grid
infrastructure and in this paper we present an information service based
on the relational data model. We propose a complementary approach to
the existing Globus Monitoring and Discovery Service based on LDAP.
We also describe the design of our DGC information service highlighting
its extensibility, flexibility, security, scalability and efficiency.

1 Introduction

Computational grids are heterogeneous, dynamic and distributed environments
that enable large-scale sharing of resources within groups of individuals and/or
institutions. A grid environment collects a lot of information, and information
itself is a critical resource in computational grids so it is necessary to manage
it properly. A fundamental element in a grid infrastructure is the Information
Service that provides some basic mechanisms for discovering and monitoring
distributed resources.

In the Globus Toolkit, a well known grid middleware that has been used
in many grid projects, the Monitoring and Discovery Service (MDS) [1],[2],[3]
provides directory services for grids. It allows managing static and dynamic in-
formation about the status of a computational grid and all its components and it
is based on the Lightweight Directory Access Protocol (LDAP) [4]. In particular,
many grid projects have been providing extensions to the MDS; we recall here
as an example the GridLab project [S] in which the CACT/ISUFI is involved
as the lead partner for WP10 that aims to provide far more advanced Grid in-
formation services [6] than those already existing, and a set of generic APIs for
accessing and publishing information to and from many different sources, includ-
ing resource brokers, portals, workstations, mobile devices, etc. Another good
example is the DataGrid project [7], that implemented information providers for
the GLUE schema [8].

In this paper we propose a Dynamic Grid Catalog Information Service (DGC),
a complementary approach based on the relational data model [9].

The paper is organized as follows. Section 2 recalls differences between LDAP
and the Relational Data Model, Section 3 presents the challenges for our DGC

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 198-205, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Information Service. Section 4 describes the Infrastructure of the system we
envision and finally Section 5 introduces possible scenarios in which we can
integrate our DGC Information Service.

2 Differences between LDAP
and the Relational Data Model

Flexible, secure and coordinated resource sharing between Virtual Organizations
[10], requires the availability of an information rich environment to support re-
source discovery, decision making processes and to satisfy users. The Globus
Toolkit exploits these functionalities through a LDAP directory structure. LDAP
is a standard data model that, through an extensible directory access protocol,
defines a method for accessing and updating information in a directory. A di-
rectory is often described as database, but it is actually a specialized database
with features that set it apart from general purpose relational databases. Indeed,
while directories are designed for information retrieval rather than for storing and
updating information (they are meant to store relatively static information), a
relational database needs to support applications with high update volumes (e.g.,
airline reservation and banking).

As pointed out by GGF Relational GIS Working Group [11],[12] and previous
works [13],[14],[15] a key difference is that directories may not support transac-
tion. These are all-or-nothing operations (atomic) that must be completed in
total or not at all.

Another important difference between a directory and a general-purpose
database is in the way information can be accessed. The directory service query
language is both limited and restricted because it is essentially a procedural lan-
guage, not a declarative one. This forces the user to know in advance explicitly
the tree structure. Most databases support a standardized, very powerful access
method called Structured Query Language (SQL). SQL allows complex updates
and queries involving joins and including support for data streams as relations,
through the SQL queries over data streams functionality.

Yet another difference between LDAP and the relational model is the possi-
bility for the relational approach to store historical information related to a grid
resource (e.g. CPU load in the last five days) in order to:

1. make statistics;
2. monitoring;
3. forecasting.

3 Challenges for the DGC Information Service

To design a good grid Information Service architecture there are many issues
that must be taken into account and solved. We present them as follows talking
about our proposed solutions:
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o Centralized/Decentralized approaches: a centralized approach is very easy to
manage but it introduces a lot of inherent problems such as:

1) performance: indeed if many resources deliver their data to a unique
centralized information server there is a performance bottleneck;

2) scalability: when the number of client grows this centralized approach
does not scale;

3) fault tolerance: when the centralized server is not active the whole system
temporarily can not work.

A decentralized approach is difficult to manage but it is more reliable than
the previous one.

e Heterogeneity: a grid environment often is highly heterogeneous so this ele-
ment introduces additional complexity. We solve it designing a cross-platform
or platform independent Grid Information Service.

e Security: in a distributed environment security is an extremely complex and
multi-faceted problem. In order to address robust authentication and com-
munication protection requirements, we adopt the Globus Security Infras-
tructure (GSI) protocols [16]. Resource owners must be able to control which
principals can access the resources and under what conditions (authorization
requirement and access policies).

o Distributed Search: in a distributed search the target of the queries is the
grid. In a grid environment a lot of information can be published, so it is
very important to retrieve these information and to combine them to infer
new knowledge quickly.

A White Pages search must also be provided, since the users usually want
to know all/some information related to a specified resource. Obviously in
this case the target of the queries is not the grid but a single resource.

4 Infrastructure of the DGC Information Service

In our infrastructure every Virtual Organization has one or more Global DGC
relational information service (GDGC) where all grid resources can deliver their
own data (dynamic collections related to individuals, institutions and computa-
tional resources). Every resource also store these informations in a Local DGC
relational information service (LDGC). So a GDGC provides a means of combin-
ing arbitrary LDGC services in order to provide a coherent system image that
can be explored or searched by grid applications.

GDGCs are then connected among them, in a connected graph, in order to:

1. promote flexible, secure and coordinated resource information sharing;
2. support information discovery and decision making processes.

Figure 1 depicts the structure of the DGC Information Service that we envi-
sion.

A LDGC can answer queries coming from other systems on the grid asking
for information about a local machine; this service is called a White Page service.
But it can also be configured to register itself with aggregate LDGCs such as a
GDGC, providing a Yellow Page service.
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DGC Information Service

Fig. 1. DGC Information Service.

In our implementation we will design the following protocols:

1. local-global DGC Protocol in order to allow flexible and secure exchange of
information between local and global DGC;

2. inquiry protocol in order to get information from LDGC;

3. global-global DGC Protocol in order to allow fast, reliable and secure dis-
tributed query among Global DGC Information Service.

In the first case the protocol is based on a mix of sinchronous push and as-
inchronous pull models. Sinchronous push is used when a local resource delivers
its own data to a GDGC (e.g., every 5 minutes). On the contrary, asinchronous
pull is used when a GDGC wants to recover data related to a specific resource
(information recovery) or a client makes a request for certain information and
the cache has expired (expired data). So a GDGC provides a caching service
very similar to a web search engine. XML is used as a standard language for
data transport.

In the second case the protocol is designed for inquirying a LDGC Relational
Information Service. SQL is the standard language used for queries submitted
to a DGC Information Service.

In the third case the protocol is designed for distributed query on the DGC
Information Service, in particular for querying a GDGC Relational Information
Service.

In order to avoid cycles, every query will be unambigously identified by a
Unique Query Identifier (UQI). The UQI is composed by two parts separated
by a @.

For instance, a generic UQI can be represented as follows:

IPADDRess @ SerialHostIDentifier (IPADDR @SHID)
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The first field IPADDR) represents the IP address of the GDGC from which
the query is generated. The second (SHID) is a serial number associated to
the query. For instance the third query generated by the host gandalf.unile.it
(193.204.78.207) will have the following UQI:

193.204.78.207@3

What happens when a query get across the DGC Information Service?
We can identify two cases:
1. node X generates the query
2. node X receives a query coming from node Y

In the former case, node X sends the query to all neighbours (that is, all nodes
that are directly connected with X), then it keeps track of this operation storing
(in its local UQI queue) the UQI and IP address of the neighbours that received
the query. All neighbours that received the query store (in their local UQI queue),
the UQI and the IP address of node X (in this way, they keep track of all incoming
queries).

Ouery agl__;».c

Local UQI Queues

A B C D
Hosr - UQL Host- UQI Host - UQI Host- UQ1

D D@l D D@l B D@1
i D@l

Fig. 2. Global-Global DGC Protocol: Case I.

For instance, referring to Figure 2, node D sends the query with UQI equal
to D@1 to nodes B and C.

In the latter case when node X receives an incoming query from node Y with
a certain UQI, it controls immediately if all pairs (UQI,neighbour) are present
(or not) in its local UQI queue.

We identify 2 sub-cases:
a) at least one pair (UQI,neighbour) exists that is not present in the local UQI
queue;
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b) all pairs (UQI,neighbour) are in the local UQI queue

In sub-case a the query is forwarded to all neighbours such that the pair
(UQI, neighbour) is not present in the local UQI queue. After this operation the
local UQI queue will be updated with this new entry.

In subcase b the query is discarded.

For instance, continuing the previous example (referring to Figure 3) after B
receives from D the query with UQI equal to D@1, it forwards the query to A
and C (sub-case a).

Cuery INgl
. PR e ol
A

Ouery Dl

Local UQI Queues

A B C D
Hast - U1 Hast- UQ! Hast- UQ! Hast - LOI
B D@l D D@l D D@l B D@l

¢ Dpal B D@l c  p@l

Fig. 3. Global-Global DGC Protocol: Case 2.

A and C update their local UQI queues with the new entry (B,D@1) but C
discards the query (sub-case b) because all pairs (UQI, neighbor) are already
available in its local UQI queue. Thus, we grant the entire coverage of the graph
(obviously the graph must be connected). Once every GDGC receives the query,
only the nodes that have a query result will answer directly to the node that
originated the query (in our case nodes A, B, C answer directly to node D if
they have a query result).

In order to avoid flooding, the protocol will also provide dynamic mechanisms
that suspend temporarily links from which only duplicate queries come, but this
feature is beyond the scope of this paper.

Finally, security is a fundamental requirement of our system .The security
mechanism used in our DGC Information Service is the GSI, which enables
the use of X509v3 certificates in order to provide authentication and authoriza-
tion services (the proposed protocol grants secure mutual autentication among
GDGC nodes).
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5 Scenarios

The design of the GDC Information Service can support several scenarios.
Among the most important and relevant ones:

- automatic grid user profile discovery;

- resource grid discovery;

- application grid discovery.
In the first scenario any user can automatically obtain her grid user profile just
submitting a query to a DGC Information Service. For instance, this kind of
search can be particularly useful in Grid Portal applications because it allows
discovering all of the resources related to a certain user.

The second scenario occurs frequently and it is related to the need to discover
all of the resources that satisfy specific criteria.

The DGC Information service stores a lot of information such as architecture
type, operating system, network bandwidth and latency, memory (Ram and
Swap, free, used, total), active processes and so on, describing the structure and
the state of the grid so that any user can ask for instance:

- how many processors are available now?

- what are the resources with lowest CPU usage?

- where are the resources with required architecture, installed software, total
ram, etc?

and she can both locate and determine the features of resources.
The third scenario can be very useful in order to discover:

- if an application related to some keywords exists;
- where are located some specific applications;
- what version of a particular application is installed on the grid resources.

It would be very useful to have a Grid Application Engine Search in order to
discover information related to the previous points via the web.

6 Conclusions

Due to dynamic behaviour, geographic distribution and heterogeneity of the
resources, information is a critical element in a grid environment. In this paper
we presented our DGC Information service architecture.

Our approach is based on a relational information service. It can be viewed as
a complementary approach designed according to the standards emerging from
Global Grid Forum working groups. We introduced the two main entities LDGC
and GDGC (Local and Global DGC Information Service) and the main protocols
that we envision.

Moreover, the DGC information service meets important requirements such
as security, extensibility, robustness and flexibility, in order to achieve better
results in terms of performance, scalability, decentralized maintenance etc.

Finally we also proposed three possible scenarios related to our information
service: automatic grid user profile discovery, resource grid discovery and appli-
cation grid discovery.
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Abstract. In this paper we present a system for measuring network per-
formance as part of the feasibility studies for locating the ATLAS third
level trigger, the Event Filter (EF), in remote locations'. Part of the pro-
cessing power required to run the EF algorithms, the current estimate
is 2000 state off the art processors, can be provided in remote, CERN-
affiliated institutes, if a suitable network connection between CERN and
the remote site could be achieved. The system is composed of two PCs
equipped with GPS systems, CERN-designed clock cards and Alteon
Gigabit programmable network interface cards. In the first set of mea-
surements we plan to quantify connection in terms of end-to-end la-
tency, throughput, jitter and packet loss. This will be followed by run-
ning streaming tests and study throughput, I[P QoS, routing testing and
traffic shaping. Finally, we plan to install the event filter software in a
remote location and feed it with data from test beams at CERN. Each
of these tests should be preformed with the test traffic treated in the
network on the “best effort” basis and also when the traffic is sent via
a ‘dedicated’ channel. The description of the system initially deployed
in CERN-Geneva/Switzerland and Cracow/Poland is followed by results
from the first measurements.

" Work supported in part by the grants of the European Union IST-2001-32243
and the Polish State Committee for Scientific research, SPUB nr 620/E-77/SPUB-
M/CERN/P-03/DZ/295/2000-2002 and SPUB-M nr 620/E-77/SPB/5.PR UE/DZ
465/2002-2004.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 206-213, 2004.
© Springer-Verlag Berlin Heidelberg 2004



Network Performance Measurements 207

1 Introduction

ATLAS is one of four experiments planned at the Large Hadron Collider at
CERN from 2007 onward. The primary proton-proton interaction rate will reach
10° interactions per second, this has to be reduced by seven orders of magnitude
prior to data recording. To achieve such a reduction a three-level trigger system
is being designed. The first, fully synchronous with the LHC collider reduces the
initial rate of 10° interactions per second to 100 kHz. The second level, asyn-
chronous, based on farms of commodity processors, executes sequences of trigger
algorithms on selected data from the detector’s buffers and reduces the rate of
accepted events by an additional two orders of magnitude. Events classified as
interesting by the second level trigger are sent to the Event Builder (EB), where
the detector data scattered over thousands of buffers are combined together.
The event data aggregated in the EB are sent to the third level trigger - the
Event Filter (EF) - where the simplified off-line reconstruction algorithms, run-
ning on farms of processors, will reduce further the trigger rate by another order
of magnitude. The final 100 Hz rate of events with average size of 2 MB/event
will be sent to permanent storage. The task of the EB is to decouple further
processing from detector buffer’s occupancy. It alleviates requirements for event
processing latency. The events do not need to be processed fast, however they
need to be processed with the same rate as they arrive: 2 kHz. With an opti-
mistic assumption of 1 second processing time, this requires access to at least
2000 processors.

A large processing farm will be built at CERN, where the experiment will
take place, however using distributed resources would reduce the necessary local
investments. Such option could be considered as there will be substantial com-
puting power installed in many national centers for off-line analysis. Some of
these resources should become accessible via the Grid technology - the Cross-
grid project investigates this possibility.

To use home based computing equipment efficiently will require very high
performance networking at an affordable price. Assuming an average event size
of 2 MB moving half of the EF events to the remote sites will require 2 GB/s
bandwidth. The GEANT network (Gigabit European Academic Network) and
it’s successors will be good candidates to carry such traffic. We need to estimate
the impact on event latency of moving the Event Filter to remote locations and
on the performance of the whole trigger system.

We plan to make measurements to investigate asymmetry in the QoS param-
eters of the network in both directions. The routes may not be the same but
also the traffic competing for services may experience more congestion in one di-
rection than in the other. We plan to measure the one-way latency (as opposed
to taking a half of the Round Trip Time (RTT)), packet loss and packets re-
ordering. The assessment of the asymmetry in the QoS parameters is important
for our feasibility studies because the Event Filter traffic is highly asymmetric
with the bulk of data sent from CERN to outside institutes.



208 K. Korcyl et al.

CERN SWITCH | GEANT jraLsy CYFRONET
i Milana Poznan ,I NATIONAL CRACOW
T . | NETWORK
R4 RE

R |
pcatb56-ge CERNHT l

Fig. 1. Network path between CERN-Geneva-Switzerland and Cyfronet-Cracow-
Poland.

2  Setup for Measurements

The setup to perform the network performance measurements is presented in
Fig.1. Currently the system is installed at CERN-Geneva and in Cyfronet-
Cracow. The system is composed of two PCs equipped with GPS systems [1],
CERN-designed clock cards and Gigabit Ethernet Alteon programmable network
interface cards [2]. The GPS system is used to synchronize time between the two
PCs located more than 1000 km apart. The clock card is used to produce pre-
cise time stamps used to tag packets traversing the network. The programmable
NIC is used to generate traffic according to traffic pattern descriptors as well as
receive the time tagged packets and to make an on-line computation of latency
and packet loss and throughput.

GPS System and Clock Cards. The usual way to measure network latency
and avoid synchronization problems between two nodes is to measure the Round
Trip Time (RTT) of packets sent from one node and returned back by a partner
node. The network latency is assumed to be half of the RTT value on assump-
tion that the time from sender and receiver and from receiver back to sender
contribute equally to the RTT. This may not be true for two nodes separated
by more than 1000 km and connected to the Internet.

To overcome problems with synchronization of geographically separated
nodes we use a Global Positioning System (GPS) to provide a universal time
reference. The GPS signal is freely available everywhere on Earth and a GPS
receiver unit that has enough satellites in view, is able to give the Coordinated
Universal Time (UTC) with accuracy in order of 100 ns. We are using off-the-
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shelf GPS receivers with the satellite signal received via exterior aerials and
connected to the PCI bus of the computer. Each GPS card produces two output
signals: 10 MHz clock and the PPS (Pulse-Per-Second) issued at every change
of the UTC second with accuracy of 250 ns. These two signals are used by the
CERN-designed clock card. The 10 MHz clock is multiplied on the clock card
by 4 and used to update an internal counter. The 1 Hz PPS signal is used to
reset the counter to a known value at each occurrence of the PPS signal (40 *
108 is added to the value of the counter at the previous PPS). Thus the clock
synchronization system is based on two key points: the ability to reset counter
at the same time (common start of the counters) and the ability to count ex-
actly at the same rate (keep the counters synchronized). In this way the time
difference between two synchronized systems is negligible (less than 500 ns) even
after several days of running. This synchronization was verified for 2 systems on
CERN site seeing the same satellites.

Programmable NIC. The Alteon programmable network interface card gives
us the possibility to create a flexible network traffic generator and measurement
tool. We have developed a set of software routines together with a GUI [3], [4]
which we use to prepare descriptor files with traffic pattern we want to apply to
the network.

Prior to starting any tests, each card receives a traffic description table con-
taining the full IP and Ethernet headers of the packets to be generated, the size
of the Ethernet packets and the time between two consecutively sent packets. We
thus have full control over all the fields in the IP and Ethernet headers (including
Type of Service at the IP level and Priority from the VLAN field of the Ethernet
packet). TCP and UDP were not implemented due to the increased overhead as-
sociated with these protocols. UDP requires the computation of a control sum
on the data being transmitted and this would be too expensive for the processor
on-board the NIC. The TCP requires the maintaining of a full history (sliding
window) of packets being transmitted and received and the on-board memory is
limited to 1MB. Also, TCP would be too computationally intensive to achieve
Gigabit speed with the current on-board processors. Our traffic generator gen-
erates streaming traffic at the raw IP level. The content of the packets can be
considered as being random.

The outgoing packets are time stamped with time values synchronized to the
clock card. The NIC communicates with the clock card 128 times per second
over the PCI to get its current value of the time. These readings are used to
adjust the NIC’s on-board counter which is used to mark outgoing packets. The
packets are also marked with sequence numbers to allow packet loss calculation
and out-of-order packet detection.

The NIC receiving traffic from the network keeps synchronization with its
associated clock card. The on-board counter is used to calculate the latency of
incoming packets. The on-board processor builds a real time latency distribution.
The histogram is transferred to the PC’s host processor after the completion of
the tests. This avoids sending individual packets to the host processor.
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3 Measurements

For our tests we use the existing network infra-structure with two exceptions (see
Fig.1). The PC at CERN has been attached directly to the CERN router con-
nected to SWITCH (bypassing the CERN internal network). The PC in Cyfronet
has been attached to the router connected to the Polish national network (by-
passing the Cracow metropolitan network). The tests were performed with the
test traffic treated in the network on “best effort” basis and also when the traffic
was sent via an allocated channel of 100 Mbps on the Polish network (between
Poznan and Cracow). In the tests aimed at latency and packet loss measure-
ments we transmitted IP packets generated by the Alteon cards between the
two test sites. The payload used in these tests varied between 48 and 1500 bytes.
The traffic pattern was with either constant bit rate (CBR) or having Poisson
inter-packet time distribution.
The list of network QoS parameters we measure is presented below:

— one-way average latency

— Jitter

— packet loss

average throughput

latency histogram

inter packet arrival time histograms

IP packets re-ordering detection and quantification

4 Results

A summary of the results from our measurements is presented in Table 1.

Table 1. Comparison of the network QoS parameters between the two directions.

i I CERN to Cracow | Cracow to CERN ‘
with average latency almost constant | higher fluctuations in average latency
allocated zero packet loss small packet loss (greater for 64 bytes)

channel ||(for loads smaller than 90 Mbps)| (for loads smaller than 90 Mbps)

“best || average latency almost constant
effort” very small packet loss not reproducible
(for all rates)

The measurements allowed us to observe the asymmetry in the network from
the point of view of QoS parameters. The routes from CERN to Cracow and back
pass through the same routers, but the transfer latency fluctuates more and the
packet loss is higher in the direction from Cracow to CERN. This asymmetry
is visible in the measurements with test traffic treated by the network on “best
effort” basis, as well as in the tests with the dedicated 100 Mbps channel. We
do not present quantitative results for test traffic sent from Cracow to CERN
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Fig. 2. Average latency as a function of load for packets transmitted from CERN to
Cracow. The plot on the left shows results from measurements collected with the test
traffic sent over the 100 Mbps allocated channel; the plot on the right is for traffic
treated in the network on “best effort” basis.

on “best effort” basis as they were not reproducible. During our tests there was
no IP packet re-ordering detected.

The plots with average latency as a function of load for the traffic sent from
CERN to Cracow in the “best effort” case and with the dedicated channel are
presented in Fig. 2. The transfer latency for the “best effort” case is almost con-
stant. The latency plot for the case with the dedicated channel shows that when
approaching the 100 Mbps limit, the latency increases. A similar degradation in
performance when approaching the 100 Mbps limit is observed for the packet
loss as a function of load, see Fig. 3 (packet loss is expressed as a percentage of
the amount of sent traffic). The rate of lost packets is zero up to 80 Mbps even
for the smallest packets, but reaching the allocation limit causes a large increase
of the number of lost packets. According to the channel allocation contract, any
load in excess of the 100 Mbps limit should be dropped. However, we observe a
much more severe degradation, close to 100% of the sent traffic, which it hasn’t
been yet explained. The traffic sent from CERN to Cracow shows very small
packet loss in the entire range of loads we used.

The transfer latency and the packet loss plots for traffic sent from Cracow to
CERN with the dedicated channel are presented in Fig. 4. The average latency
plot shows higher fluctuations comparing with the average latency of packets
sent in the opposite direction. Packet loss is small, except for the case of 64 byte
packets, when the loss increases for loads larger than 50 Mbps. Note that, even
with the allocated channel, we were observing packet loss for the traffic sent
from Cracow to CERN. However, there was no loss for the traffic sent in the
opposite direction.

Following network evaluation in terms of QoS parameters, we began tests
with a higher level communication protocol: TCP/IP. The tests were performed
under the Linux operating system, with default values for the TCP/IP parame-
ters. The preliminary results are summarized in Table 2.
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Fig. 3. Packet loss as a function of load for packets transmitted from CERN to Cracow.
The plot on the left shows results from measurements collected with the test traffic
sent over the 100 Mbps allocated channel; the plot on the right is for traffic treated in

the network on “best effort” basis.
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Fig. 4. The plot on the left shows results from the latency measurements as a function
of load with the test traffic sent over the 100 Mbps allocated channel from Cracow to
CERN. The plot on the right shows packet loss ratio as a function of load for traffic
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sent over the 100 Mbps allocated channel from Cracow to CERN.

Table 2. Streaming tests with default TCP/IP parameters: 1 Gbyte of data was trans-

ferred from CERN to Cracow using a custom application.

[with allocated channel[without allocated channel|
average transfer duration 579.66 s 567.18 s
std. dev. of the test duration 12.34 s 28.37 s
average transfer rate 13.8 Mbps 14.1 Mbps
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One can notice a larger transfer duration and a smaller transfer rate in the
case when an allocated channel is used. This can be attributed to the additional
processing time needed for the routers to perform the selection of priviledged
packets and counting whether the amount of prioritized traffic doesn’t exceed
the allocated limit. Note however that the standard deviation of the results is
smaller when the channel is allocated. Basically this means that using an allo-
cated channel guarantees certain bounds for the transfer time and rate, whereas
not having an allocated channel implies a large variation of these transfer pa-
rameters depending on the global network load at that moment.

5 Conclusions

The first set of tests showed the importance of measuring one-way packet behav-
ior as a function of load. We are in the process of obtaining detailed information
on the network architecture in order to improve our understanding of the results.

We plan to continue streaming tests in both directions and tune the TCP/IP
parameters to make better use of the allocated bandwidth. In the next step we
will install the Event Filter software in Cracow and send real, experimental data
from CERN to Cracow for processing. In parallel we will install similar systems
in several other institutes. Measurements between CERN and the Niels Bohr
Institute in Copenhagen will commence shortly.
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Abstract. As part ofthe GridLab project we have designed and imple-
mented a flexible grid monitoring system that can be used to monitor
grid entities like jobs and resources. In addition to basic information re-
trieval found in many other monitoring systems our design also offers
advanced features: persistent connections, guaranteed data delivery for
critical data and support for actuators that influence the state of either
the monitored entity or the monitoring system itself. The multi-level lay-
out of the various components makes it possible to generate compound
metrics from raw measurements, create arbitrary routing networks or get
over firewalls.

1 Introduction

Grids [2] are complex systems and therefore, monitoring is essential for un-
derstanding their operation, debugging, failure detection and for performance
optimisation. Monitoring must be able to provide information about the cur-
rent state of various grid entities, such as resources and running jobs, as well as
to provide notification when certain events (e.g., system failures, performance
problems, etc.) occur.

Grids are very large-scale and diverse systems so gathering all information in
a central location is out of question, only a distributed solution can be considered.
Monitoring also has to be specific, i.e., only data that is actually needed has to
be collected. It is also important that data should only be sent where it is needed
and only when requested.

The amount of required information can change over time: for example, if a
problem is suspected in a service, the granularity of debugging information has
to be increased while such level of information is not needed when the service
is operating normally. This requires the ability to dynamically modify the range
and granularity of monitored information which in turn might require interaction
with the monitored entity (job, service, hardware element, etc.) itself.

Storing data is not the task of the monitoring system. Thus, in most cases
if the consumer fails to process some data due to a software or hardware fail-
ure, the information may be lost. There are cases however (e.g., critical event
notifications) when this behaviour is not acceptable, so support for guaranteed
delivery of information is also needed.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 214-221, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Some applications are interested in getting a high volume of raw data they
intend to process themselves. Other applications are only interested in prepro-
cessed (converted, filtered, averaged, summed etc.) data. Both needs can be
satisfied by building multi-level monitoring systems. Higher levels can collect
information from lower levels and can process it before forwarding it to the
consumer.

A monitoring architecture with all the above capabilities is designed and
implemented as part of the GridLab project [4]. This flexible monitoring system
is described in the following sections.

2 Architecture

The architecture of the monitoring system is based on the Grid Monitoring Ar-
chitecture (GMA, [9]) proposed by the Global Grid Forum (GGF). The input
of the monitoring system consists of measurements generated by sensors. Mea-
surements taken by sensors are gathered by producers that transfer this data to
consumers when requested. Producers allow consumers to either access measure-
ments via queries or to subscribe to them.

Sensors implement the measurement of one or more measurable quantities
called metrics. Every metric is denned by a unique name, a list of formal pa-
rameters and a data type. The entity to be monitored is determined by provid-
ing actual values for the formal parameters. A metric can be either event-like
meaning an external event is needed to produce a measurement, or continuously
measurable meaning that a measurement is possible whenever a consumer asks
for it. Continuously measurable metrics can be made event-like by requesting
automatic periodic measurement however.

In addition to the features described in the GMA proposal, actuators (similar
to actuators in [8] or manipulation services in [6]) are also part of the monitoring
system. Actuators implement controls that represent interactions with either the
monitored entities or the monitoring system itself. Just like metrics a control
has a unique name, a list of formal parameters and a data type. In contrast
to metrics that can generate multiple results, controls are always single-shot,
i.e., every invocation of a control produces exactly one result.

Definitions of metrics and controls can be retrieved by two means: either
asking the producer or consulting a registry (like a local file or a grid information
system).

2.1 Resource Monitoring

As a grid consists of several layers, the monitoring system should also have
multiple levels. Figure 1 shows resource monitoring.

A grid resource consists of one or more nodes. A Local Monitor (LM) service
is running on each node and collects information about the processes (P) running
on the node as well as the node itself. The collected information is then sent to a
Main Monitor (MM) service. The MM is the access point for local users (mainly
site administrators and non-grid users).



216 G. Gombas and Z. Balaton

A grid is a heterogeneous environment so different grid resources (or even
different nodes of the same resource) may provide different kinds of information.
In order to be able to interpret and analyse data from different sources, the raw
data should be converted to some well-defined form. This conversion is done
at the Monitoring Service (MS). The MS takes raw data from the MM and
converts it to grid metrics that are independent of the physical characteristics
of the resource itself. Also the MS is the place to enforce grid security rules and
map them to local rules.

The MS is also the entity that can interact with other local monitoring sys-
tems. If a site uses a different monitoring system (like Ganglia [7] or Nagios [3]),
a conversion sensor can be created that extracts data from the local monitoring
system and makes it available to grid users through the MS.

The LM — MM — MS triplet demonstrates how multi-level monitoring sys-
tems can be built using compound producer—consumer entities described in [9].
Every level acts as a consumer for the lower level and as a producer for the
higher level. This multi-level architecture allows easy introduction of complex
compound metrics. Service discovery is also easier since consumers only need to
know where the MS is without knowing the machines (local monitors) behind
it. This technique can be extended to create arbitrary routing networks. For
example, one can implement a single concentrator element for jobs that run on
multiple resources. This way information about the job can be requested at one
well-known point, even if the job is constantly moving from one resource to an
other.

Another good example for using multiple levels when there is no direct net-
work connection (e.g., because of a firewall) between the consumer and a target
host. In this case, a producer can be installed on a host that has connectivity
with both sides and this producer can act as a proxy between the consumer and
the target host. Using proper authentication and authorisation policies at this
proxy this setup is more secure and more manageable than simply opening the
firewall. In the generic LM — MM — MS resource monitoring setup mentioned
above, both the MM or the MS can play the role of the proxy depending on the
actual configuration.

2.2 Job Monitoring

Monitoring of jobs is a complicated task and requires interoperation between the
monitoring system and other grid services. First, it requires a grid service (called
Submitter in Fig. 1) that keeps track where the job is actually running. Next,
the grid jobmanager and the Local Resource Management System (LRMS) has
to provide a mapping between different job IDs (process ID, local job ID, grid
job ID). The multi-level hierarchy of the monitoring system can be used to make
this mapping transparent. When a grid user connects to the MS and requests
monitoring of a grid job, the MS converts the grid job ID to a local job ID and
passes it to the MM. The MM then converts the local job ID to host/process ID
pair and passes it to the appropriate LM that takes the actual measurement.
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Fig. 1. Resource and job monitoring.

2.3 Consumer-Producer Interaction

Communication between consumers and producers takes place on channels. A
channel is a logical connection which has at most one real network connection as-
sociated with it. Channels can be either consumer-initiated or producer-initiated,
but producer-initiated channels must be explicitly requested previously by a con-
sumer. Consumer-initiated channels are used mainly for interactive monitoring
or control execution while producer-initiated channels are good for event report-
ing and data archiving. The two possible channel directions can also be used to
help getting through firewalls.

A channel can be either regular or persistent. A regular channel is always
associated with a network connection - if the connection is broken, the channel
is destroyed. A persistent channel however can survive if the network connection
is lost, and a new connection can be assigned to the same channel. This feature is
useful for low-volume notification channels to avoid holding a network connection
open unnecessarily when there is no traffic.

Channels are automatically destroyed when they are no longer referenced.
Every metric instance (see below) associated with a channel counts as a reference.
Since producer-initiated channels has to be explicitly defined by the consumer,
the existence of the defining channel counts as a reference too.

Every channel has an identifier assigned by the producer, which is unique
per authenticated user. The identifier O is reserved to mean the current channel.

After a channel has been established the consumer may send any number of
commands to the producer. Every command has a consumer-assigned identifier
that will be used by the producer in the response message. The consumer does
not have to wait for the completion of the previous command before sending a
new one. There is no logical limit for the maximum number of simultaneously
running commands, however implementations are allowed to restrict it to some
reasonable value.



218 G. Gombas and Z. Balaton

As described in section 2, measurable quantities are represented by metrics.
When a consumer requests some data, it provides a metric name and its actual
parameters to the producer, which in turn creates a metric instance based on
these parameters. Every metric instance is associated with one or more channels
where it can send measurements to. Event-like metric instances send their data
to every channel they are associated with while instances of continuous metrics
generally only send data on the channel where the measurement was requested.

Data sent by the producer is represented by metric values. Every metric
value contains the identifier of the metric instance it belongs to. There is a small
number of predefined metric instances called “special metrics” which are always
available. The first and most important special metric is the CAPABI LI Tl ES met-
ric that is automatically sent by the producer on every newly created channel.
This metric contains (among other things) the protocol version and the list of
supported authentication methods.

The producer responds to every command with a message containing the
command’s identifier, a status code, and an optional identifier for further data.
This response message must precede every other data that might be sent as an
effect ofthe command. In the case of parallel commands it is not guaranteed that
the order of response messages will match the order of the commands. Response
messages are sent on the same channel where the original command was received.

A command might request the producer to send more data to the consumer.
Such data can be sent at any time after the successful execution of the com-
mand has been reported. There is no limitation of the time period between the
command response message and the actual sending of the data. If not explicitly
stated otherwise, the producer is allowed not to send any data at all (e.g., event
notifications when the watched event never happens). Consumers are advised to
implement a timeout mechanism to avoid waiting forever.

2.4 Supported Operations

The following commands are defined between the consumer and the producer:

The AUTH command is used to authenticate the user to the monitoring sys-
tem. It must be the first command issued by the consumer after a new channel
has been established. If the AUTH command is successful, the identifier of the
created channel will be returned in the command response message. If the au-
thentication fails the channel will be destroyed after the error response has been
sent. It is possible to use authentication mechanisms requiring multiple message
exchanges; in this case the AUTH command should be issued multiple times.
The AUTH command should not be used again after a successful authentication
however. Ifthe consumer wishes the producer to also authenticate itself, it should
choose an authentication mechanism that supports mutual authentication.

The COLLECT command takes a metric name and parameters and instructs
the monitoring system to create a new instance of the metric. The newly cre-
ated metric instance is associated with the current channel. If the command is
successful an identifier for the metric instance will be returned. This command
in itself does not request any actual data to be sent.
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The STOP command takes a metric identifier and a channel identifier and
instructs the monitoring system that no more metric values for the metric in-
stance should be sent to the specified channel. All metric values of this metric
instance that were queued on this channel will be disposed. If the metric identi-
fier is not associated with any other channel the STOP command also destroys
the metric instance.

The SUBSCRIBE command associates a metric identifier with a channel
(which might be different from the one the command was sent on) and instructs
the monitoring system that subsequent measurements should automatically be
sent to the consumer. If the destination channel is not the current channel, any
metric values already queued on the current channel will also be sent to the
destination channel.

The BUFFER command associates a metric identifier with a channel and in-
structs the monitoring system that subsequent measurements should be queued.
This is the default behaviour of newly created metric instances after a successful
COLLECT command. It is possible that the same metric identifier is BUFFERed
on some channels while SUBSCRIBEA to others. Buffering large amounts of data
in the monitoring system is not desirable as it can cause excessive resource usage
and security concerns as well. Thus, the producer may implement limits on the
amount of data that can be buffered. If such limits are exceeded information
will be lost. It is not specified however that in this case the old information gets
overwritten with the new one or the new information will be disposed.

The GET command takes a metric identifier and and a channel identifier
and performs the following tasks:

— If there are metric values queued for the metric identifier on the destination
channel, the monitoring system will send them to the consumer.

— For continuous metrics, a new measurement is requested from the appropri-
ate sensor. When the measurement is completed, the measured metric value
will be sent to the consumer on the destination channel. But, as mentioned
in the previous section, there is no guarantee when it will happen.

It is possible for the consumer to use wildcard identifiers for either the metric
identifier meaning every queued metric values should be sent, and/or for the
channel identifier meaning information should be sent to every channel owned
by the current user that the metric instance is associated with. These wildcards
are useful for consumers that continuously poll the producer for new data.

The QUERY command is an optimisation for fast information retrieval. It is
equivalent to issuing a COLLECT command with the same arguments, followed
by a GET command for the returned metric identifier on the default channel,
followed by a STOP command after the resulting data has been received. The
QUERY command is only useful for continuously available metrics, it has no
effect for event-like metrics.

The DEF_CHANNEL command creates a producer-initiated channel. The
command takes a destination URL, an authentication method and credentials
specific to the requested authentication method.
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When the producer opens the actual network connection to the address spec-
ified in the DEF_CHANNEL command, it advertises only the single authentica-
tion method specified in the command’s argument. When the consumer issues the
AUTH command, the producer’s responses are based on the credentials specified
in the DEF_CHANNEL command.

The SET_CHANNEL takes a destination channel identifier and reassigns
the current network connection to the destination channel while destroying the
current channel. The destination channel then becomes the current channel.
If the destination channel already had an open network connection, it will be
closed.

The CLOSE_CHANNEL command destroys a channel. Any metric values
that were queued on the channel are disposed. Any metric instances that are
not associated with other channels will be destroyed.

The CONTROL command takes a control name and parameters and executes
the control. The command response contains an identifier for the control’s result.
The result has the same format as a metric value.

The COMMIT command is used by the consumer to notify the producer that
it has successfully processed a metric value. This command is used to implement
guaranteed data delivery. Generally if either the producer or the consumer ter-
minates, queued but not yet processed data will be lost. By executing a control
the consumer can request guaranteed delivery for a metric instance. In this case
every metric value sent by the producer is tagged with a unique identifier. After
receiving and processing the data the consumer must issue the COMMIT com-
mand with this unique identifier to notify the monitoring system that the data
has safely arrived and therefore can be removed from the producer’s buffer.

Sometimes the sensor itself has to know when the data it produced has safely
arrived to the consumer. This is needed when the sensor has to forward the ac-
knowledgement to some external entity it gathered the data from. For example,
in multi-level setups a sensor at a middle level has to forward the acknowledge-
ment to the lower levels. The producer provides two models for notifying the
sensor. In the weak model, the sensor is notified about success when at least one
consumer acknowledged the data whereas, the strong model requires acknowl-
edgement from every affected consumers.

Handling of guaranteed data delivery is expensive as it consumes resources
of the producer. Therefore the producer might impose resource limits of the
number of transactions being active at any given time. If a metric instance
produces data exceeding this limit the sensor implementing that metric instance
will immediately notified as if the data transfer had been failed.

2.5 Protocol Encoding

The monitoring system prototype implements the protocol encoding as a dynam-
ically loadable module, so it is possible to define multiple encodings. Currently
there exists a binary encoding (see [5] for details).
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3 Implementation

An alpha version with the basic features implemented was released to the Grid-
Lab [4] community in August 2002, and the first official prototype is released in
January 2003 for the general public. The prototype contains the implementation
of the producer and consumer API, implementation of the LM and the MM.
It also contains example sensors for host monitoring and GRM [1] application
instrumentation, and several test clients. The current development version (to
be released by the end of 2003) contains generic support for actuators and sup-
ports secure authentication and detailed access control. It also implements some
application-related actuators.
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Abstract. The complexity of grid environments is growing as more
projects and applications appear in this quick-evolving domain. Wide-
spread applications are distributed over thousands of computing ele-
ments, various communities of users are aggregated into virtual orga-
nizations so resources availability is more and more dynamic and final
locations of jobs cannot be foreseen. In such contexts, new paradigms
and constraints which deeply impact monitoring and visualization pos-
sibilities must be addressed. As nodes and even sites appear and dis-
appear quickly in grids, automated resource and service discovery must
be performed and launched at a frequency compatible with the dynamic
of grid elements. The numerous production sites involved in a grid have
their own security policies and system administration principles and pro-
cedures, which can eventually be outsourced. A global grid monitoring
system must be efficient and not intrusive with respect to security policies
and should not interfere with site local rules like logging and auditing. In
addition, to nodes and sites the large number of applications and virtual
organizations generates multiple, different, abstract views of the grid en-
vironments. A grid visualization tool has to be opened and flexible to
represent all corresponding virtual views needed. The tool MapCenter
has been designed to cope with these new grid monitoring challenges

1 Introduction

Grid middleware and applications are designed to run over a huge number of
heterogonous systems, spread in large, different computer centres across several
countries. As more grid projects enter into production modes, specification, de-
velopment, integration and deployment of monitoring tools are more and more
complexes.
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An adequate grid monitoring system has to fulfil the following paradigms:

— transparency: each grid site follows its own security policies and rules. A
grid monitoring system must be non intrusive and should not require system
administrators to open specific channels or ports. Above all, end systems
must not be disrupted by monitoring.

- dynamic: grid resources are entering and leaving the grid very often. The
grid monitoring system must perform automatic discovery of resources to
follow grid daily evolutions

-~ manageability: A grid monitoring system should be easy to integrate and
overall to deploy over a large number of sites and resources

— scalability: A grid monitoring system must be efficient in order to achieve
high rate polling over thousands of grid elements

— flexibility: visualization techniques and presentation models must provide
users and system administrators with all logical views and dashboards they
need.

Most current monitoring architectures and systems (Nagios [4], Ganglia[5],
MonalLisa [6], ...) require the deployment of agents on all sites and often on all
end nodes, which is very difficult to achieve in the context of large grid systems.

The tool MapCenter has been designed to cope with these new grid monitor-
ing challenges In order to obtain a manageable and really easy to deploy system,
MapCenter performs all monitoring features from a central point, even if sev-
eral MapCenter servers can be distributed for fault tolerance issue. No specific
node or agent needs to be deployed on grid sites, and a complete MapCenter
monitoring solution can be set up in a few hours.

Our approach has been to structure the architecture into three main layers:

— a visualization layer, based on a new presentation model,

— a monitoring layer, implemented by an efficient multi-threaded polling
framework,

— an independent resource discovery and modelling layer, based on
various back-ends.

The general MapCenter architecture and the open and flexible presentation
model has been described in [7]. This model can match any logical approach
of the grid computed from monitoring layers underneath. Logical and graphical
views can be created to visualize all dashboards needed by end users (scien-
tist, industrial, system administrator, organization manager ...). In parallel with
status visualization features, MapCenter is designed to aggregate all available
pieces of grid information and represent logical views to access it. Various grid
information system technologies are available and several back-ends have been
developed using PHP to grant access to end users. In particular a LDAP Browser
and a SQL Query interface are available, and R-GMA [8] back-ends are also be-
ing developed. Many dashboards can be created using these back-ends, which
enable users to access all kinds of grid information from central points without
any knowledge of the collecting and storage technologies used underneath.
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This paper emphasises specific monitoring techniques used to achieve more
efficient and transparent grid services availability checking. It also underscores
automatic discovery and modelling capabilities that allow quick deployement on
lots of large scale grid environments and to keep numerous grid topologies and
statuses up to date.

2 Advanced Monitoring Techniques

2.1 Transparent Services Checking

A key point for a grid monitoring framework is to use standard protocols to
cope with heterogeneity and to keep real grid resources unaware of any polling,
without any interfering side-effect on grid end systems.

More precisely all current daemon implementing services are using the socket
interface to accept queries (TCP or UDP) from users or other services. Stealth
TCP port checking [3] has been implemented to simulate such queries without
waking up the daemon. This technique is often referred to as “half-open” check,
because you don’t open a full TCP connection. You send a SYN packet, as if
you were going to open a real connection and wait for a response. A SYN/ACK
indicates that the port is listening. A RST is indicative of a non-listener. If a
SYN/ACK is received, you immediately send a RST to tear down. This technique
decreases the number of packets exchanged and the processor load on the server,
and overall remote services are not informed by the kernel of the port checking
and hence do not generate unwanted entries in log files.
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Fig. 1. Monitoring techniques.

UDP port checking capabilities have also been added to check specific grid
UDP services. While UDP is simpler than TCP, checking it is actually signifi-
cantly more difficult. This is because open ports don’t have to send an acknowl-
edgement in response to probing, and closed ports aren’t even required to send
an error packet. Fortunately, most hosts do send an ICMP PORT UNREACH-
ABLE error when you send a packet to a closed UDP port. Thus you can find
out if a port is not open, and adversely determine if a port is opened and if the
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corresponding service is running. Neither UDP packets, nor the ICMP errors are
guaranteed to arrive, so retransmission of packets that appear to be lost has been
implemented, and we consider that a port is opened after several UDP packet
are sent without receiving any reply.

All these advanced monitoring techniques are summarized in figure 1. WWW
URL checking has also been implemented by simulating an HTTP request on
the URL. This technique is useful to check all grid WWW resources (web sites,
repositories, directories, other monitoring info ...) and will be used to check
future grid “web services” and OGSA [12] compliant implementations.

2.2 Multithreading and Timeouts

As our monitoring architecture is fully centralized, performance and efficiency
of the monitoring layer is a key point. This layer relies on a multi-threaded
scheduling architecture optimised for parallel checking of ICMP, TCP, UDP and
HTTP services. Normal timeout for a TCP connection is three minutes, which
is actually too long to check thousands of ports, even in parallel. In order to
assure higher polling efficiency, timeouts of all types of sensors (ICMP, TCP,
UDP, HTTP ...) must be tuned. Table 1 shows optimal timeouts and number
of retries for all protocols concerning adequate balancing between performance
and strong accuracy of results.

Table 1. Timeouts and retries per protocol.

Protocol|Timeout|Retry|Socket
ICMP |5 3 raw
TCP 5 3 raw
UDP 5 3 UDP
HTTP |10 1 TCP

3 Grid Resources Discovery

3.1 Discovery Back-End

To cope with the dynamicity of grids, automatic discovery and logical views
creation are mandatory. Resources information is stored in various types of grid
information systems and specific stubs must be developed for each of them (e.g.
LDAP queries for Globus MDS [9], IBP client [10] for L-BONE [19] , or CGI
scripts browsing for PlanetLab [18] ...). Resources discovery and modelling has
been implemented and is widely used in MapCenter. Figure 2 presents the general
design of the discovery mechanism: the generators use a specific stub to access
the grid information system, and finally a data file is generated which contains
all objects, symbols, maps and links. This data file also contains logical and
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graphical views that represent any abstract level of grid representation. Such a
data file is then used by MapCenter daemon itself to perform the polling of all
objects and the dynamic generation of all html pages.

As an example, a MapCenter site has been created for RLS [13], and logical
views for replication services which show all dependencies existing between these
elements are generated each day (which master copy can update which replica,
which replica can be updated by which one, etc ...)

NetGeo / Caida

DataGrid LDAP Directory Map Fil
ap {3

PlanetLab,  wgp/c

RLS LIDAP Directory

S

Fig. 2. Discovery Processings.

3.2 Localization Technique

Graphical maps are in general geographic maps with animated grid sites dis-
played (figure 3). This requires the physical location of each resource discovered.
From an IP address or a DNS name, WHOIS databases can be queried and town
name or airport code or at least state can be easily found. From this location
name, latitude and longitude can be retrieved from geographic databases. In
MapCenter discovery backends implementation, all objects discovered are geo-
graphically localized using NetGeo [11] tool from Caida. All physical locations
are cached locally to achieve higher efficiency and to allow the MapCenter ad-
ministrator to modify some physical locations, if NetGeo fails or gives erroneous
results for some sites.

4 Experiments and Results

4.1 Deployment

MapCenter [14] is now used by several major grid environments: DataGrid [15],
DataTag [16], CrossGrid [17], PlanetLab [18], L-Bone [19], RLS [13], and At-
lasGrid [20]. Advanced automatic discovery feature is used on most of the grid
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projects monitored. Figure 3 gives an example of a graphical view of L-BONE
USA grid sites, which are monitored in real-time and completely regenerated
each night. Table 2 summarized numbers of objects maps and services checked
by major MapCenter site deployed.

Fig. 3. Graphical view example: USA map for L-BONE.

Table 2. MapCenter sites deployed.

Project Objects|Maps|Symbols|Links|ICMP|TCP|UDP|URL
DataGrid Static 189 126 |235 135 |182 428 114 |46
DataGrid Dynamic|51 123 {302 57 51 133 |0 0
DataTAG 51 123|302 57 51 133 |0 0
CrossGrid 39 48 46 38 39 111 |0 18
PlanetLab 101 107 |101 80 101 101 |0 0
LBONE 136 154 |136 114 |136 134 |0 0
RLS 105 190 |105 135 |105 125 |0 0
AtlasGrid 19 25 19 28 12 40 |0 0
e-Toile 8 9 8 0 8 10 |0 0
GRIDIS 7 14 7 10 7 0 0 0
Total 720 851 (1024 643 |706 |1181|14 |64

4.2 Performance

On the performance side, the DataGrid static version is currently monitoring
nearly 200 objects (computing or storage elements front-ends, each of them man-
aging worker nodes farms), and the total time for polling various services running
on all these objects is less than one minute.
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To achieve enhanced performance tests, we have set up various data files
containing one hundred objects that we have duplicated to represent up to 50
000 objects with more than 100 000 services (TCP, UDP and HTTP) running. At
the moment of out stress tests, 10% of the objects were unreachable, 20% of TCP
services and 30% of UDP and HTTP services were down. This situation obviously
represents a very bad status which overloaded our monitoring. MapCenter has
been installed on a small configuration: Pentium III 900 Mhz, with RAM 128
MB and Linux RedHat 6.2 Kernel 2.2.19.

Figure 4 shows the results of our experiment, with two different scales. With
500 parallel polling threads we were able to poll the 50 000 objects within 10 min-
utes. In principle, MapCenter is designed to monitor front end node of grid sites
(head of farm manager, head to storage element...) and in such a context, even
a very large world wide grid can be easily monitored which accurate frequency.

20000

Fig. 4. Performances evaluation.

5 Conclusion

MapCenter does not contain all the advanced features of other monitoring tools
like Nagios or Ganglia and is obviously not the ultimate solution for a system
administrator in a Grid Operation Centre. MapCenter is more focussed on all
potential end-users needs and its flexible presentation model is able to provide a
huge variety of logical dashboards. The dynamic resource discovery mechanisms,
the transparency of monitoring techniques and the efficiency of’its internal engine
has permitted us to deploy it very quickly on numerous large grid environments.
Based on monitoring and discovery back-ends, MapCenter has been designed
to be easily integrated with future technologies arising in grid community, and
especially with OGSA [12]. New functionalities development and deployment on
current and future grid environments will continue over the next few years.



The MapCenter Approach 229

References

1.

Nouv e

10.

12.

13.

14.
15.
16.
17.
18.
19.
20.

Tierney, B., Aydt, R., Gunter, D., Smith, W., Taylor, V., Wolski, R., Swany, M.: “A
Grid Monitoring Service Architecture” Global Grid Forum Performance Working
Group, 2001.

. Tierney, B., Crowley, B., Gunter, D., Holding, M., Lee, J., Thompson, M.: “A

Monitoring Sensor Management System for Grid Environments” Proceedings of
the IEEE High Performance Distributed Computing conference (HPDC-9), August
2000.

Fyodor: “The Art of Port Scanning” Phrack Magazine Volume 7, Issue 51 Septem-
ber 01, 1997, article 11 of 17

Nagios http://www.nagios.org/

Ganglia http://ganglia.sourceforge.net/

MONA LISA http://cil.cern.ch:8080/MONALISA/

. Bonnassieux, F., Chanussot, F., Harakaly, R., Primet, P.. “MapCenter: An Open

Grid Status Visualization Tool” PDCS Conference , Louiville, Kentucky 2002.
Fisher, W. S.: “Relational Model for Information and Monitoring” Grid Forum
Informational Draft GWD-GP-7-1.

. Czajkowski, K., Fitzgerald, S., Foster, 1., Kesselman, C.: “Grid Information Ser-

vices for Distributed Resource Sharing” Proceedings of the Tenth IEEE Interna-
tional Symposium on High-Performance Distributed Computing (HPDC-10), IEEE
Press, August 2001.

Bassi, A., Beck, M., Moore, T, and Plank, J.: “The Logistical Backbone: Scalable
Infrastructure for Global Data Grids” Asian Computing Science Conference 2002,
Hanoi, Vietnam, December, 2002.

. CAIDA NetGeo, the Internet Geographic Database

http://www.caida.org/tools/utilities/netgeo/

Foster, 1., Kesselman, C., Nick, J., Tuecke, S.: “The Physiology of the Grid: An
Open Grid Services Architecture for Distributed Systems Integration” Open Grid
Service Infrastructure WG, Global Grid Forum, June 22, 2002.

Chervenak, A., Deelman, E., Foster, 1., Guy, L., Hoschek, W., lamnitchi, A., Kessel-
man, C., Kunst, P., Ripeanu, M., Schwartzkopf, B., Stockinger, H., Stockinger, K.,
Tierney; B.: “Giggle: A Framework for Constructing Scalable Replica Location
Services” Proceedings of Supercomputing 2002 (SC2002),November 2002.
MapCenter Web Site for DataGrid http://ccwp7.in2p3.fr/MapCenter

European DataGrid projet http://web.datagrid.cnr.it

DataTAG Project http://datatag.web.cern.ch/datatag

CrossGrid Project http://www.eu-crossgrid.org/

PlanetLab http://www.planet-lab.org/

Logistical Backbone http://loci.cs.utk.edu/lbone/

Atlas Grid http://atlas.web.cern.ch/Atlas/fGROUPS/SOFTWARE/OO/grid/



Monitoring Grid Applications
with Grid-Enabled OMIS Monitor*

Bartosz Bali§'*,Marian Bubak'?* Wiodzimierz Funika'?, Tomasz Szepieniec?,
Roland Wismiiller’, and Marcin Radecki’

' Institute of Computer Science, AGH, al. Mickiewicza 30, 30-059 Krakéw, Poland
{bal i s, bubak. f uni ka} @ici . agh. edu. pl
phone: (+48 12) 617 39 64, fax: (+48 12) 633 80 54
? Academic Computer Centre — CYFRONET, Nawojki 11, 30-950 Krakow, Poland
{t.szepi eni ec, m radecki } @yf - kr. edu. pl
> LRR-TUM — Technische Universitit Miinchen, D-80290 Miinchen, Germany
wi snuel | @n. tum de
phone: (+49 89) 289-28243

Abstract. In this paper, we present our approach to monitoring Grid
applications with a Grid-enabled OMIS Monitor — the OCM-G. The
OCM-G is a monitoring infrastructure for tools supporting application
development, and it provides various monitoring services to obtain in-
formation about, manipulate, as well as detect events in an executing
application. The services are accessible via the standarized interface —
OMIS (On-line Monitoring Interface Specification). We describe the ar-
chitecture of the system and present some design details important for
the monitoring system to fit well the Grid environment, and support
monitoring of interactive applications.

Keywords: Grid, monitoring, services, interactive applications, OMIS

1 Introduction

Monitoring services are indispensable part of each Grid environment. These ser-
vices may be focused both on the Grid infrastructure and the activity of running
applications. In our view, these two different types of monitoring can be charac-
terized as follows.

— infrastructure monitoring collects information about Grid components, such
as hosts or network connections; this information is indispensable for basic
Grid activities as resource allocation or load balancing; often this type of
information has historic value, thus it is stored in a database for a later
analysis (e.g., statistical, forecasting, etc.),

— application monitoring aims at observing a particular execution of an ap-
plication; the collected data is useful for tools for application development

* This work was partly funded by the European Commission, Project IST-2001-32243,
CrossGrid [7]
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support, which are used to detect bugs, bottlenecks or just visualize the
application’s behaviour; this kind of information in principle does not have
historic value — it is meaningful only in the context of a particular execution.

A few efforts exist to address application monitoring in the Grid: GrADS /
Autopilot, DataGrid / GRM, GridLab / GRM.

The Autopilot toolkit [17] in the GrADS project [10] is oriented towards
automatic performance tuning based on behavior patterns. This is a view rather
different than ours, since we are interested in providing feedback to the user who
is intersted in a particular performance loss.

The application monitoring system developed within the GridLab project [1]
implements on-line steering guided by performance prediction routines deriving
results from low level, infrastructure-related sensors (CPU, network load). The
system is different to ours in the following respects. First, the manipulations on
the target application are not supported. Second, the system seems to rely only
on full traces, at least at the current state of development. Finally, the predefined
semantics of all metrics requires all Grid users to agree on this, which is rather
restrictive [12].

The DataGrid project [8] introduces the GRM monitor [14]. The system col-
lects information semi-on-line and delivers it to the R-GMA, a relational infor-
mation infrastructure for the Grid [15]. Monitoring in GRM/PROVE is mainly
based on event tracing. While the GRM/PROVE environment is well suited for
the DataGrid project, where only batch processing is supported, it is less usable
for the monitoring of interactive applications. First, due the high communication
latency introduced by the R-GMA. Second, since it is not possible to achieve
low latency and low intrusion at the same time when monitoring is based on
trace data. If the traces are buffered, the latency increases, if not, the overhead
for transmitting the events is too high.

In this paper, we describe the OCM-G — Grid-enabled OMIS Monitor, a ver-
satile infrastructure for on-line application monitoring designed to support in-
teractive applications.

2 Monitoring of (Interactive) Applications in the Grid

In Fig. 1, layers of a monitoring environment are presented. The bottom layer
represents objects to be monitored, e.g., application processes, but also Grid
infrastructure, e.g., CPU and network. In the top layer there are various tools,
interactive, e.g. for performance analysis or debugging, as well as automatic, for
example for automatic load balancing via process migration. Between tools and
the monitored objects there is a monitoring infrastructure.

The Grid environemnt poses new requirements for an application monitoring
infrastucture. Even more requirements are important when we consider interac-
tive applications. Below we assemble a list of the most important requirements
for a Grid application monitoring system, especially to support interactive ap-
plications.
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Fig. 1. Layered structure of application monitoring environment.

— On-Line Mode. On-line monitoring greatly reduces the data rate, since
it allows to specify the information of interest at run-time. In contrast, in
off-line monitoring, the measurements and corresponding monitoring infor-
mation must be specified in advance. In addition, in case of tracing, the
off-line approach involves huge trace files. Moreover, for some monitoring
activities, such as manipulations (debuggers), on-line operation is essential.
For interactive applications on-line monitoring is important for one more
reason: the user wants to relate the performance to his interactions, i.e.,
immediately see the impact of his activities.

— Efficiency and Scalability. The Grid may be a highly distributed system,
and the running applications may be composed of a large number of proce-
ses spread across multiple sites. Consequently, the monitoring infrastructure
should be designed to handle high data rates and scale to large number of
monitored objects.

— Low Intrusiveness. Each monitoring activity introduces a probe effect
which may distort the normal execution of the application. Especially in
case of interactive applications, the overhead due to monitoring should be
kept as low as possible so that, e.g., low latency is sustained.

— Transparency for the User. This requirement includes several aspects:

® The user should not need to know the architecture or details of the
operation of the monitoring system. All he is supposed to do is to send
monitoring requests and collect replies.

¢ The instrumentation of the code, essential e.g. for performance metrics,
should be as much automatic as possible.

e The compilation of the application to enable monitoring should be as
easy as to add some additional parameters to the usual compilation
command.

¢ The submission of the application (via portal, script, etc.) should not
change due to monitoring with the exception, perhaps, of additional
command-line parameters.

e Tools should be able to attach to an application and monitor it at any
point of its execution.
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— Grid Service. In a grid evironment, the application monitoring should be
available as a kind of grid service. This means the monitoring system should
run permanently, there should be a possiblity to discover it and request some
monitoring services.

— Security. The monitoring system should ensure the desired level of security,
i.e., user authentication and authorization, integrity and confidentiality of
monitoring information (if desired), etc.

3 OMIS - A Universal Monitoring Interface

As an intermediate layer, the monitoring system has two interfaces: one to-
wards the tools, the other one towards the running application. While the mon-
itor/application interface is strongly system-dependant, since typically OS ser-
vices are involved, the tool/monitor interface may be standardized. An example
of such a standardized tool/monitor interface is OMIS (On-line Monitoring In-
terface Specification) [13].

The target system, from OMIS point of view, forms a hierarchy of objects. In
the Grid these are sites, nodes and processes. The objects are uniquely identified
by so called tokens.

OMIS defines a variety of monitoring services which are divided into three
classes: information services — to obtain descriptive data about objects, manip-
ulation services — to change objects’ state, and event services — to detect events
in the target system (especially inside applications). The information and ma-
nipulation services are also called actions.

By combining these services one obtains a monitoring request to perform
some monitoring activities. The monitoring request can belong to one of two
types: unconditional and conditional.

~ The unconditional service requests are composed of one or more informa-
tion and/or manipulation services (referred to as actions). They result in an
immediate action in the target system, for example stop process p; in OMIS
syntax: thread-stop ([Q).

— The conditional service requests (CSR) are composed of an event service and
a list of actions. Their semantics is as follows: whenever the event occurs,
execute the actions, for example wheneverprocess p starts a new process, get
information about that process; in OMIS syntax:
thread_creates_proc([p]): proc_get_info([$newproc], Ox1).

4 Grid-Enabled OMIS Monitor - OCM-G

In this section, we present the OCM-G — a Grid-enabled application monitoring
system based on OMIS. First we describe the architecture of the system, then
we provide some design details. Finally, we outline the monitoring functionality
provided by the OCM-G.
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Fig. 2. OCM-G components distributed in a Grid environment.

4.1 Architecture

The OCM-G is a decentralized, distributed system, which is a collection of two
types of components: Service Managers and Local Monitors.

Service Managers (SM) reside permanently, one on each site of the Grid.
They are the part of the OCM-G which exposes the monitoring services to tools.
Since the SMs are permanent they can be well known and thus the OCM-G can
work as a Grid service. The SMs distribute OMIS requests to appropriate Local
Monitors on the same site.

Local Monitors (LM) are created on each host of the Grid where there are
application processes to be monitored. LMs execute OMIS requests accepted
from SMs and send the results back. LMs handle only objects which are on the
same host. Because of security issues we decided create on LM per each (host,
grid user) pair.

Some parts of the monitoring system are also embedded in the application;
these are referred to as Application Module (AM). The AM is necessary to
perform monitoring activities in the context of the application, it is essential for
reducing data rate (buffering of monitoring information), etc.

Protocol for SM-SM and LM-SM communication is based on OMIS, while
LMs and AMs share a common memory segment to communicate. The LMs
use OS mechanisms (ptrace or the proc file system) to control the application
processes.

Fig. 2 shows how the components of OCM-G are distributed in the Grid.
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Fig. 3. Two Virtual Monitoring Systems sharing the same OCM-G components.

Beside this physical distribution, the OCM-G has also a logical structure
— it is divided into so called Virtual Monitoring Systems (VMS). One VMS is
created for each monitored application and is composed of all OCM-G compo-
nents involved in this application. This concept is introduced to improve the
scalability of the OCM-G. The information about the application is only spread
across the VMS, which is usually a small part of the whole OCM-G. Moreover,
the connections between the SMs are created only if they are parts of the same
VMS. Obviously, each LM, SM or a connection between them may belong to
more than one VMS. To handle information management in a VMS, one of its
SMs is assigned a special role, a so called MainSM. The MainSM plays a role
of a central information service for this VMS. Fig. 3 shows an example of two
VMSs sharing physical OCM-G components. Note that in the case shown in the
figure, the two VMSs belong to the same user, thus not only the SM, but also
the LM is shared between them.

4.2 Design Details

In this section, we describe some design details in the OCM-G important to fit
the requirements of the Grid environment and interactive applications, described
in section 2.
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Efficiency. To ensure efficient monitoring, we try to minimize the data rate.
This is done in principle with two techniques:

e Local Buffering. The monitoring information is buffered in the con-
text of the application. Only on an explicit demand (pull model), it is
extracted by the LM, and sent to be obtained by a tool.

¢ Distributed Evaluation. To further reduce the data rate, not only is
it buffered, but also processed locally and stored in counters or inte-
grating timers. Additionally, we provide the counters and integrators as
distributed data structures, i.e. they may be composed of a global object,
and some local components. The information stored in local components
is on demand collected and combined in the global object.

Scalability. The scalability in the OCM-G is in principle ensured by its
decentralized and distributed architecture. However, to avoid problems in
sharing information in such a highly decentralized system, and to avoid the
necessity for each component to know about each other (which would make
the system unscalable again), we introduced the concept of Virtual Mon-
itoring Systems which are centralized logical monitoring systems for each
application. This concept was described in the previous subsection.
Controllable Intrusiveness. To minimize the monitoring intrusiveness,
we gather the information via selective run-time instrumentation. This
approach to instrumentation combines the benefits of dynamic and static
instrumentation. In general, the hooks are inserted statically in the applica-
tion, while the actual instrumentation code is “hooked up” (hence the name)
dynamically. This may be viewed as dynamic activation and deactivation of
instrumentation on demand. Our tests showed that the overhead of inactive
instrumentation is “in the noise”. Moreover, due to the on-line approach to
monitoring, the number of active instrumentation may be kept minimal at
a given moment.

Transparency for the User. This has several aspects in the OCM-G:

e The instrumentation is based on binary wrapping, i.e., the user is pro-
vided with pre-instrumented versions of communication libraries (e.g.,
MPI). Thus, only relinking of the application is necessary to enable
monitoring of communication subroutines. While this is enough for most
performance metrics, the user can also define events in an arbitrary place
of the code. This is the only case in which the user has to insert the ap-
propriate code manually. However, even this is greatly simplified, since
the code to be inserted is just a single function call.

¢ The compilation of the application is handled automatically by a tool
provided with the OCM-G. The user issues the normal command to
compile the application, only preceded by the name of the tool.

e The application is submitted to the Grid in the usual way, only a few
additional command line parameters are necessary.

e Tools may be connected to a running application at any time of its
execution.

e [t should be mentioned that we require each process of the application
to invoke a special function to register in the OCM-G. However, in case
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of MPI even this is transparent to the user, as the call to the function is
hidden in the instrumentation of MPI_Init().

— Security. The OCM-G incorporates security at three levels:

e users are authenticated using Grid certificates, while communicating
with SMs,

o OCM-G allows to monitor an application to its user only,

e Local Monitors run as user processes, thus they are limited by the OS
protection mechanisms.

— Operation as a Grid Service. The Service Managers are designed to run
permanently on the Grid and are well-known. This gives good prerequisites
to run the OCM-G as a Grid service.

— Versatility and Flexibility. It should also be noted that the OMIS/OCM-
G approach enables high versatility and flexibility in monitoring.

¢ The monitoring services in the OCM-G are various and support different
kinds of tools. Moreover, the set of services is extendible by dynamically
loaded extensions. Currently available monitoring services are described
in section 4.3.

e The services are relatively low-level, i.e., instead of high-level metrics
they return a low level information. Different pieces of such information
can be then combined into metrics. For example, instead of a high level
request to obtain communication delay for MPI_Send(), one would issue
a sequence of simple and lower-level requests: two requests returning time
stamps for two events — beginning and end of invocation of MPI_Send(),
and some requests to create an integrator and evaluate the delay prop-
erly from the time stamps. All this would be done in the context of the
application, so there would be no overhead related to multiple requests.
This approach allows to construct the metrics by the user with the se-
mantics he needs, it is very easy and much more flexible than providing
a set of metrics with a fixed semantics.

4.3 Monitoring Services

To make the description complete, in this section we overview the available
monitoring services in the OCM-G. The OCM-G provides all monitoring services
defined by the OMIS 2.0 specification, except for those which were undesirable in
a Grid environment (e.g. creation of a new process). Additionally, new services
are provided, specific for the Grid, or extending monitoring capabilities. Among
others, the following functionality is provided by the OCM-G:

1. Debugging services. This includes services for suspending/continuing pro-
cesses, reading/writing processes’ memory, etc.
2. Performance analysis services, for example:
— services for detecting beginnings and ends of function calls,
— services for handling probes, which are used by the user to define and
detect arbitrary events in an application,
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— services for creation and management of counters and integrators — ef-
ficient data structures which allow to buffer and preprocess monitoring
information in the context of the application.

3. Services for infrastructure monitoring. Some services return information
about the current state of infrastructure elements, e.g., examine the status
of a network connection. This information may be useful, e.g. in performance
analysis — when a user notices a performance loss, he might be interested
whether it is caused by the network load or a problem with the algorithm.

5 Previous Experience

Our experience in monitoring and tools goes back to 1995 when the OMIS spec-
ification was defined at the Technical University in Munich. In 1997 the OCM
— an OMIS-Compliant Monitor [18] for clusters was implemented as well as
a few OCM-based tools were developed (such as performance analyzer PATOP
and debugger DETOP). Since 1997, there is a collaboration between LRR-TUM
and Institute of Computer Science AGH, Cracow. The result of this coopera-
tion is the continuous development and improvement of the monitoring system
and tools, among others, towards monitoring and performance analysis of Java
applications, threaded applications on shared memory machines, and Grid ap-
plications.

6 Summary and Status

In this paper we presented the OCM-G — a universal and flexible monitoring in-
frastructure for Grid applications. We have shown that the OCM-G is well suited
to work in the Grid environment and supports well interactive applications.

Currently the first prototype of the OCM-G is completed and has an opera-
tional status. The implementation of this prototype is based on the OCM. The
first prototype works on one site only, and supports only one user. It provides
all services defined by the OMIS 2.0 document, except for those which were un-
necessary or undiserable in the Grid (e.g., for creation of a new process). Some
of the new Grid-specific services were also impelmented. The first prototype of
the OCM-G implements the new Grid-enabled start-up scheme.
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Abstract. The paper presents the functionality and software design of
G-PM, a tool for evaluation of Grid applications performance. Due to
the highly distributed and dynamic nature of the Grid, the issues of
run-time measurement definition, selective instrumentation, and efficient
data collection mechanisms need to be addressed. Providing data on the
interaction of distributed application components which is meaningful
in the context of an application is essential. The tool offers standard
and user-defined measurements as well as means for performance visual-
ization. It gathers information about a selected application via the well
defined interface to the OCM-G monitoring system. High-level perfor-
mance properties are defined by the user via a consistent user interface,
allowing for extendible insight into the performance of the application.
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1 Introduction

The performance analysis and tuning of distributed applications is an essen-
tial step in the application development cycle. With the introduction of cross-
organization computing, the inefficiency in the application behaviour leading
to waste of resources becomes a problem of all parties involved in the Grid.
This is particularly important within the CrossGrid project [5], which aims at
extending the Grid architecture to interactive applications. Due to the involve-
ment of humans into the computation loop, these applications are often strongly
time-constrained, e.g. the simulation of vascular blood flow and flooding crisis
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support applications developed within the CrossGrid project. Therefore, perfor-
mance analysis is one of the key issues in the project. It is addressed by G-PM,
a dedicated performance analysis tool.

Compared to existing tools, discussed briefly below, the G-PM features on one
hand a rather unique combination of on-line measurement, Grid awareness, and
automatic instrumentation for standard application-related metrics, and on the
other hand a support for manual instrumentation and user-definable metrics. The
G-PM is designed to meet the specific requirements and constraints introduced
by the Grid and by the nature of interactive applications. It allows to extend the
standard performance metrics, providing the user with a way to specify some
higher-level, more abstract metrics suitable in the application context. Contrary
to some previously developed tools, the gathered performance data includes the
characteristics of the application environment and the Grid infrastructure.

The paper is arranged as follows. Section 2 presents a concise analysis of the
existing Grid performance analysis tools. In Section 3, the functionality of the
tool is presented. Then, in Section 4, the architecture and design of the tool,
as well as the interaction with other parts of the CrossGrid infrastructure are
studied. Section 5 presents some details on the idea of user defined metrics based
on the probe concept. Finally, Section 6 informs on the development schedule of
the tool and on the features included in the first prototype.

2 Related Work

Currently, a number of performance tools already adapted to the Grid [1] ex-
ist. Most of those supporting the monitoring of applications are based on an
off-line analysis of event traces. This is not suitable for interactive applications,
since here the opportunity to relate on-line the performance data with the user’s
interactions is essential. However, on-line Grid tools are available mainly for in-
frastructure monitoring. An example is the Network Weather Service [11] that
measures and forecasts network and node performance. An exception is the mon-
itoring system GRM [2], adapted to the Grid within the Datagrid project’. It
offers on-line performance data of Grid applications. However, GRM is mainly
based on event traces, does not allow for user-defined metrics, and does not
provide infrastructure-related performance data. A number of performance tools
implement some ideas close to the ones presented in this paper, but none of them
covers all of them. Autopilot [9] exploits a concept called sensors corresponding
to our probes. User-defined instrumentation is used in the TAU performance
analysis environment [7]. In all of these systems, however, the metrics connected
with the user-defined instrumentation is already fixed by the instrumentation
itself and cannot be configured at run-time. Paradyn [8] belongs to the few tools
that strictly exploit the on-line approach, including the instrumentation proce-
dure, but it does not support user-defined metrics.

U v, eu- dat agrid.org
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3 Tool Functionality vs. Grid

In this section we relate the functionality of performance tools to the features of
Grid computing and show the designed functionality of G-PM.

Specifics of Interactive Grid Computing. The orientation of CrossGrid to-
wards interactive applications, as well as the nature of the Grid itself, poses new
requirements and constraints on performance analysis. First, within CrossGrid
the application user is allowed to control the application during its execution.
Thus, the information meaningful in the application steering process, such as
performance data, have to be available on-line. Next, the interpretation of the
performance data in a heterogeneous, open Grid system, can only be done in the
context of the application’s environment. Thus, the performance characteristics
of the Grid infrastructure itself are required. Finally, the user of the applica-
tion may be a specialist other than a computer scientist. Hence, the information
provided to the user must not be limited to low-level data (e.g. data volume ex-
changed between two processes), but rather be more high-level and application
specific. The tools have to be configurable, extendible and application-oriented.

Basic Performance Metrics. The G-PM tool aims at satisfying the outlined
requirements and constraints. It operates in the on-line mode, displaying current
performance data in form of various visualization graphs. Some basic standard
metrics, or measurable quantities, have been specified, both application and Grid
infrastructure related. The first allow for a low-level analysis of the application
behaviour (e.g. data volume of MPI or file operations). Drilling down is allowed
by restricting the analysis to a subset of the application processes, hosts, or to
specific regions in the source code. The Grid infrastructure metrics specify both
dynamic (e.g. CPU or network load) and static (e.g. host memory size) informa-
tion on the application environment.

User-Defined Metrics. The standard metrics may not carry information re-
lated to the environment the application is running in, vital in the application
context, or may not summarize the information in the most suitable form. Thus,
the application developer is enabled to specify his own metrics. The first way is
to add some specific events to the application code. These events, called probes,
then allow to limit any measurement to the specific, relevant program phases.
Probes may also carry some additional, application-specific information to the
G-PM, which can then be presented by the tool using the standard visualizations.
The second way, which aims at customizing the performance data presented to
the user, is to use a metrics specification language. The user can build some
higher-level metrics by combining and transforming the standard metrics, the
metrics based on probes as well as other previously specified higher-level met-
rics. It should be noted, that for both standard and user-defined metrics, the
object code of the application has to be linked against instrumented versions of
the programming libraries.



The G-PM Tool for Grid-Oriented Performance Analysis 243

4 The G-PM Tool Design

The architecture of G-PM is designed as part of the programming tools environ-
ment communicating to the monitoring and other Grid services via the OCM-G
monitoring system (see Fig. 1) only. Below we discuss particular aspects of the
tool’s design.

E-"—’;“:“;';"’;'“ T High—Level G-PM ;
. Interface 4% Analysis ' ;

- |Component
User Interface gt al Performance : Banchmarks
& Visualization | Measurement '
Companent Companent : EP

Grid
Informaticn
Services

Fig. 1. Structure of G-PM.

4.1 Monitoring System

To provide performance measurements in the on-line mode, G-PM is built on
top of the OCM-G [3] monitoring system, an implementation of the On-line
Monitoring Interface Specification OMIS 2.0 [6]. OCM-G, which is part of the
Grid services, is responsible for supplying low-level monitoring data. This in-
cludes the communication with instrumented libraries linked to the application,
and the gathering of information supplied by these libraries and other monitor-
ing data sources. Also, the results of micro-benchmarks are accessible through
OCM-G.

OCM-G comprises two types of components: Service Managers and Local
Monitors (see the lower part of Fig. 1). Service Managers (SM) are the permanent
part of OCM-G and there is one SM per site of the Grid. An SM distributes
requests to Local Monitors, if the target object is located on the same site,
and/or to the other SMs in order to reach objects located outside the site. Local
Monitors (LMs) are transient components in OCM-G responsible for execution
of OMIS requests; these are created on each host of the Grid where application
processes to be monitored exist.
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The G-PM tool is implemented as a process running on a user’s local worksta-
tion. It connects to the nearest Service Manager, to which it submits monitoring
requests and from which it receives the corresponding replies (see the upper part
of Fig. 1). Once the tool is connected to OCM-G, it may get information about
all running applications. Then an application can be chosen to which the tool
should attach. The application can be monitored only upon the tool have at-
tached to it. The tool can attach to a running application and begin monitoring
at any time, provided that the application is linked with an instrumented library.

4.2 Supply of Monitoring Data

Within G-PM performance measurements are defined and presented while the
application is running. The results of measurements are numerical values evolv-
ing over time. G-PM either displays the current values as e.g. bar graphs or pie
charts, or their temporal development in form of a curve at regular intervals.
There are principally two kinds of accessing the monitoring data to enable mea-
surements: automatically and user-defined.

Instrumentation. The G-PM offers a wide variety of standard metrics for
performance analysis. These include application-related metrics, like e.g. time
elapsed, or volume of interprocess communication and I/O. In addition, the tool
allows to measure infrastructure-related metrics, like e.g. node load or link band-
width. This information is provided and forwarded from proper Grid services.
To access the data on standard metrics, e.g. send data volume, at a prepara-
tory step the application has to be re-linked with instrumented versions of some
run-time libraries. The instrumentation consist of wrappers around the original
routines (e.g. communication or 1/0) that acquire the necessary performance
information. In order to enable the instrumentation, the user has to start the
application with a special command line argument handled by the instrumen-
tation code. Additional command line argument can be used to prevent the
program from running until there is an explicit request. This allows to define
measurements before the application starts executing.

As a rule, measurements are based on counters and integrating timers [3],
which are updated by the instrumentation code within the context of the local
application process. Consequently, for a typical measurement only a limited num-
ber of values has to be read, which results in a low overhead. In cases where very
detailed information is required and the higher overhead is acceptable, events
can be logged, too.

Probes vs. User Defined Metrics. As mentioned in Section 3, a perfor-
mance tool must also be able to provide high-level performance data which is
more meaningful in the application’s domain. The application-specific data can
be classified into three categories: (1) particular, relevant events, meaningful for
the application user/developer, e.g. the start/end of a user interaction, (2) cor-
related events, e.g. start/end events in different processes that indicate the entry
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into/exit from the same computational phase, (3) performance data computed
within the application itself, e.g. the residuum value in a numerical solver.

To provide the tool with this information, the user inserts a set of probes into
the application’s source code. A probe is a special function call, that signals the
event connected with the particular position in the source code. This call can
receive user-provided parameters that contain application-specific data. If the
G-PM does not need the data provided by the particular probe the underlying
instrumentation is disabled. Consequently the introduced overhead is low.

Using a probe does not yet imply a specific user-defined metrics. In fact, the
same probe can be used to define many different metrics. Based on the concept
of probes, G-PM allows the user to define his/her own metrics, which can be
built on already existing metrics (standard ones and user-defined ones) and/or
any available probes and probe data in the application.

4.3 Component Structure of G-PM

The tool is composed of three main modules, the Performance Measurement
Component (PMC), the High-Level Analysis Component (HLAC) and the User
Interface and Visualization Component (UIVC), see Fig. 1.

Performance Measurement Component. The PMC implements all stan-
dard metrics. This is done by properly programming the monitoring system when
a measurement is defined. See [4] for a more detailed description.

High Level Analysis Component. Since the HLAC handles the user-defined
metrics it is involved in parsing the metrics specifications and translating the
high-level metrics into requests to PMC for the underlying standard metrics.
Also, it is responsible for handling the events generated by probes and for pro-
cessing the information passed by these probes from the application to the G-PM
tool. While the HLAC reuses the PMC for performing standard measurements,
it also communicates directly with OCM-G through the OMIS interface in order
to efficiently implement probe-based metrics. For optimization reasons, the im-
plementation of the high-level measurements may require that the evaluation of
the measurement based on the metric specification is performed within OCM-G
in an distributed way, instead of within the G-PM tool. For more details on the
issue please refer to [10].

User Interface and Visualization Component. The User Interface com-
prises the program’s main window, which presents a list of defined measurements
and visualizations. Another important part is the measurement definition win-
dow that allows to choose a metrics and to specify its parameters e.g. restrictions
on the hosts/code regions where the measurement should be performed. Once
the measurement is defined, the user can specify the type and parameters of the
measurement’s visualization window using the visualization definition window.
The tool provides, a set of visualization windows, ranging from bar graphs and
pie charts to value versus time function plots.
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5 User-Defined Metrics

As mentioned in Section 4, the HLAC allows to measure application-specific
metrics based on user-defined instrumentation of the application’s source code.
Among others, the following kinds of user-defined metrics are possible: (1) a
metrics which is defined by an existing metrics (e.g. standard metrics provided
by the PMC), measured only during an execution phase delimited by any two
probe executions; (2) a metrics which can be defined by any parameter of any
probe; (3) a metrics which can be derived from any existing set of metrics by
aggregating or comparing their values.

I0_volume_for_interaction(Process[] processes, File[] files,
Region[] regions, TimeInterval currTime)

{

Process p; VirtualTime vt;

Value volume[][]; Value globalVol[];

PROBE begin(Process, VirtualTime); PROBE end(Process, VirtualTime);

volume [p] [vt] = IO_volume(p, files, regions) AT end(p, vt)
I0_volume(p, files, regions) AT begin(p, vt);
globalVol[vt] = SUM(volume[p] [vt] WHERE p IN processes);
RETURN SUM(globalVol[vt] WHERE globalVol[vt].time IN currTime);

Fig. 2. Example of a user-defined metrics.

An example of a metrics specification of the first kind is shown in Fig. 2. In
this example the programmer inserted two probes — begin and end — into the
application, to mark the beginning and end of an end-user interaction. Based on
these probes and the standard metrics| O vol une for the total volume of disk
I/O, the user has defined a new metrics for the disk I/O during a single end-
user interaction. For each process p, the value of this metrics is defined as the
difference of 1 O vol ume at the end event and | O vol une at the corresponding
begin event, wherel O vol uneis the accumulated volume since the start of the
measurement. The following two assignments in the metrics specification define
how the result is accumulated over space (i.e. the processes) and time.

Since the HLAC is aimed at the optimised implementation of measurements
based on user-defined metrics, the processing of probe events should happen as
locally as possible, i.e. in the best case within the context of the appropriate
process. This implies that the evaluation suggested by the metrics specification
should be performed in a distributed way, as discussed in [10].

6 Concluding Remarks

The first prototype of G-PM is available since February 2003. Due to the limita-
tions of the OCM-G, this prototype it is restricted to a single cluster of worksta-
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tions. Also, only a subset of standard metrics is available (send/receive volume,
delay time, application CPU time). Two visualization types are implemented:
the bar graph and a multi-curve value-versus-time plot. The HLAC component
of the tool currently supports two specialized types of high-level metrics, which
are configurable to a limited extent. The fully functional version of the G-PM
tool is currently being implemented and will be available by the end of 2004.
Like all other system software developed in the CrossGrid project, it will then
be freely available via a public software license.
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1 Introduction

The article presents the current state of grid infrastructure monitoring system and
prospect of'its further evolution. The system is developed as a part of ACK Cyfronet’s
contribution to the Crossgrid project. The system’s first prototype functionality is
mainly concerned with the instrumentation of resources and dynamic deployment
issues, which are crucial for usability of the software. The functionality of the
monitoring agents, the first prototype consists of, was provided by using Java
Management Extension (JMX) and Jiro technologies. This functionality has been
described in more detail in [1],

The process of deploying the monitoring software and collection and distribution
of monitored information is very much dependent on the underlying software
technology. The questions about the future of and maturity of Jiro technology induce
consideration about alternatives. In that context, the mechanisms offered by the IMX
framework should are discussed.

The structure of the paper is as follows. Section 2 presents the monitoring system
deployment and configuration scenario. Next section contains analysis and
comparison of Jiro and JMX based dynamic deployment mechanisms. The more
detailed description of JMX services supporting dynamic configuration is presented in
Section 4. The differences between freely available JMX reference implementation
and a commercial product have been elaborated in Section 5. Jiro and JIMX services
supporting construction of events distribution layer has been described in Section 6.
Interoperability aspects that are crucial for integration of the monitoring system with
other components are covered by Section 7. The paper is ended with conclusions.

2 Monitoring System Startup Scenario

Detailed functional description of the Jiro and Java Management Extension based grid
infrastructure monitoring system is described in [1]. This section will address only the
system deployment and configuration process requirements.

The system is constructed according to a five layers architecture, that defines
instrumentation, agent, management, database and user interface layers.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 249-256, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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The tasks of the layers are as follows:

instrumentation layer is expected to expose devices’ parameters’ values to the
outside world,

agent layer provides means for upper layers to communicate with the
instrumentation layer,

management logic layer is responsible for filtering notifications passed by the
lower ones as well as performing pre-programmed administrative actions in cases
of typical failures,

database layer stores data about current state of the system as well as about its
history,

user interface layer is responsible for presenting the state of the system to the
user.

Because grid systems are built of many computer nodes connected with each other

via computer network, the remote instantiation of monitoring software seems to be

a

necessary functionality of grid management infrastructure. Saying more precisely,

the components of instrumentation and agent layer should be launched on each
monitored computational, storage or communication resource. An important aspect is
that grid system’s configuration usually changes dynamically as new nodes are
attached to the system or switched off. That means that the grid monitoring software
should be able to adapt dynamically to the changing configurations.

The monitoring system first prototype setup procedure consists of the following

basic steps:

L.
2.

o AW

installation of the core Jiro services on a selected node,
installation of Jiro Deployment Station service and necessary native libraries on the
monitored nodes,

. startup of the Jiro Lookup Service,

. deployment of the monitoring agents on selected nodes,
. startup ofthe monitoring agents.

igure 1 depicts a sample installation of JIMS.

Legend:
CE - computing element
SE - storage element
WN - worker node

— MBean
WN . :
et B wf Domain Server runs core Jiro
WN services; other hosts run only the Jiro

Deployment Station.

WN .&_ S

WN )
WN Y )

Fig. 1. An example JIMS startup configuration.
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The installation procedure assumes that it is possible to use multicast
communication between the host running the Jiro Lookup Service and the hosts
running monitoring agents. The availability of multicast is needed for the monitoring
agents to discover the lookup service with which they are to register. Although there
is a possibility to pre-configure the lookup service location, making the user do so
would make the system practically unusable for two reasons:

¢ it would not be able to use replicas of the lookup service,
e it is not feasible to keep track of configuration of all monitoring agents in grid
systems.

Therefore, automatic configuration seems to be the only option for such a system.
Detailed installation procedure can be found in [2].

3 System Startup

The requirement of system flexibility results in the need for implementing at least two
features: dynamic deployment and discovery of running system entities. Dynamic
deployment is a very important feature because it makes easier both version
management and system configuration. Since the system entities are expected to run
on many host machines, it is desirable for an administrator to reduce the number of
software packages to be installed on each individual node prior to running services.
Therefore, an ideal solution would be to make the administrators install only the core
packages that are not expected to change for a relatively long period of time and leave
installation of the other parts of a distributed system to its users. On the other hand,
the services providing for dynamic deployment should not introduce significant
overhead from the users’ point of view.

The deployment of a new service is typically composed of three stages: sending the
code implementing the service, matching the code’s privileges against the security
policy in place on the target machine and running the service (possibly in an
environment with limited access to the hosting machine resources). There are
anumber of possible solutions for enabling dynamic deployment in distributed
systems. In the technological context of JIMS, there are atleast two worth
consideration, i.e. Jiro Deployment Station and Java Management Extension’s M-let
service.

Both the solutions do not require much programmer’s effort to implement an
interface for running the deployed service. In Jiro’s case no additional coding is
needed; the JMX based solution only requires providing a descriptor containing an
URL for the Management Bean (MBean) implementing the service to be loaded.
Since the MBean interface is basic for most of objects implemented in distributed
systems based on the JMX environment, fulfilling such requirement is not an issue for
the programmer.

The first prototype of JIMS uses the Jiro-based mechanism for deploying the host
monitoring services. The monitoring code is organized in two parts: one to be
installed on machines to be monitored prior to setting up the system and second — to
be deployed, run and revoked at runtime. The pre-installed part consists of an
implementation of the deployment station service and a native monitoring library,
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which is loaded by the deployed service at launch time. The functionality of the
deployment station with no deployed services is restricted to keeping its registration
with the Jiro Lookup Service up to date, which results in sending a few packets to the
network. From the hosting station’s point of view, that introduces practically no
overhead.

JIMS provides a couple of tools to make the deployment easier: ExtFinder (which
is an extended version of OKI Lab’s Jini Service Finder) and Installer. Both of them
can be used to deploy monitoring agents to the target machines. However, since the
ExtFinder is equipped only with a BeanShell-based command line tool, the drag-and-
drop oriented Installer seems to be more convenient.

Since the low-level system entities can be deployed and started any time, it is
necessary to provide means of finding other system services for them. There are two
commonly used approaches to this topic: registration and discovery. Jiro platform
provides a replicable registry of system objects, called Lookup Service. Each system
entity is required to register in it at startup and keep its registration valid (re-register
after lease timer expiration). Since there can be more than one Lookup Service in a
Jiro domain (which in JIMS approach typically covers one computing cluster), a fair
level of failure safety is provided. The Lookup Service acts also as a repository of
proxies used to communicate with registered objects. By downloading such a proxy
from the repository, a client does not even have to know the communication protocol
it is using (the proxy hides the protocol details). Such functionality, although
convenient, is not always needed, especially in homogenous and low-level
environments, i.e. environments with many objects that are speaking the same
protocol and are of little use to an end user. Therefore, although Jiro Lookup Service
is used by the first prototype of JIMS, it is possible, that future releases will switch to
active discovery mechanisms.

The active discovery mechanisms rely heavily on network multicast/broadcast
capabilities. Typically, an object that wants to discover other entities sends a query on
a network’s multicast/broadcast address and then waits for responses sent by the
services that match the query. In order to keep track of entities in place, the query is
re-sent periodically. One drawback of such an approach is the requirement for the
network to support multicast or broadcast communication'. That requirement is easily
fulfilled by clusters (they form a single local network). That is enough for JIMS’s
agent layer, because its database will connect directly only to the agents on the local
network.

Mechanisms of active discovery are available in the Java Dynamic Management
Kit (JDMK™) — a commercial implementation of JMX, but the freely available
reference implementation of Java Management Extensions does not provide them [3].
That means that switching to active discovery would require implementing discovery
from scratch or adopting it from some other technology.

" That requirement is also present when using Jiro-based approach, since the instances of
Lookup Service are found by sending a query to a well-known multicast address. The
workaround is to preconfigure the system entities with address of a Lookup Service instance
compromises the system’s failure safety.
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4 JMX Based Configuration Mechanisms

JMX based environments offer JIMX M-let Service, which allows the agent, other
MBeans, as well as management applications to create MBeans by downloading class
files from remote locations. This service could be exploited to achieve easy
configuration of the grid infrastructure monitoring system. In addition, the M-let
Service lets agents expand their code base at runtime. Therefore, it could be
considered as an attractive alternative to Jiro Deployment Station functionality.

Since the M-let Service is a core JMX component, it must reside in every JMX-
compliant server. In order to load new MBeans, users point the service to a remote
descriptor (M-let). The descriptor is an XML-like text file that contains information
about loading classes and creating MBeans. The M-let service loads this file,
processes the information it contains and downloads the named classes in order to
create one or more MBeans. Figure 2 illustrates how the M-let service works. The M-
let service downloads an M-Let File, which contains mandatory attribute specifying
class name that contains MBean implementation. The only other mandatory attribute
contains a single JAR file or a list of JAR files that contain the classes, objects and
resources needed to support a specified MBean class or serialized object file.

M-let service is also an MBean registered in the agent, and it can be used by the
agent itself, other MBeans, or remote management applications. It supports loading of
MBean classes and their resources from remote locations by using M-let files and acts
as a class loader, providing the ability to expand an agent’s codebase.

Management
console

- O
M-let Service : ““---.._

&1 Web server

containing
the M-let
=¥ to be deployed

Fig. 2. The M-let service operation.

5  Support for Dynamic Configuration

JMX specification [4] does not define any service supporting dynamic resource
discovery. Such a service is offered by commercial implementation of JMX available
from SUN Microsystems, called Java Dynamic Management Kit (JDMK). Because
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this functionality has been considered crucial for the grid monitoring system, the first

prototype of JIMS has been implemented using JDMK classes implementing it.

The discovery service provides for discovering management agents in a network.
That service relies on a discovery client object which sends out multicast requests to
find agents. In order to be discovered an agent must have a registered discovery
responder in its MBean server. Applications may also use a discovery monitor, which
detects activation or deactivation of discovery responders.

The combination of these functionalities allows interested applications to establish
a list of active agents and keep it current. In addition to knowing about the existence
of an agent, the discovery service provides the version information from an MBean
server’s delegate and the list of communication MBeans that are currently registered.

The application containing the discovery client can initiate a search at any time.
For example, it might do a search when it is first launched, and search again
periodically for information about the communicators which may have changed. For
each search, the discovery client broadcasts a request and waits for return information
from any responders. There are two types of response mode:

* unicast response mode - the responder creates a datagram socket for sending the
response only to the discovery client,

o multicast response mode - the discovery responder uses the existing multicast
socket to send response, broadcasting it to the same multicast group as the request.
Every member of the multicast group receives the message, but only the discovery
client can make use of its contents.

In passive discovery, the entity seeking knowledge about agents listens for their
discovery responders being activated or deactivated. When discovery responders are
started or stopped, they send out a proprietary message that contains all discovery
response information. A discovery monitor object waits to receive any of these
messages from the multicast group”.

6 System Operation

The communication between the agent layer and the upper layers of the system
depends heavily on the user requirements and can be quite intensive. Therefore, either
a low-overhead communication mechanism must be used or the MBeans should be
able to reduce the communication volume by e.g. filtering redundant messages.

Although the second solution seems to be attractive, it still does not guarantee that
the rest of the system will not be flooded with messages while introducing
an additional processing overhead on each monitored node and making the
functionality of the MBeans more complex. That would be in contrast with the
assumption of simplicity of MBeans. Because of that, although message filters cannot
be omitted, JIMS does not implement their functionality inside agent layer. If the
message filtering and aggregation functionality would be integrated into other system
layer, it is more likely that the database layer would serve for this purpose.

2 A discovery monitor is often associated with a discovery client. By relying on the information
from both, it can keep an up-to-date list of all agents in a given multicast group.
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In either case, a communication scheme best suiting the needs of communication
should be chosen. The two possible alternatives for the first prototype of JIMS were
Jiro Event Service or JMX RMI-based communication. The Event Service is
a standard service for Jiro environment. Being topic-based, the service provides basic
means for event filtering by structuring the event types in a hierarchy. Moreover, one
instance of the service provide means for communication to the whole Jiro domain, so
there is no need to install it on every single machine in the monitored cluster. On the
other hand, JMX messaging with its filtering capabilities provides enough
functionality for the agent layer entities. It is worth to say that the JMX filters can
actually block sending a message to the network, which saves bandwidth and CPU
power on the listener’s host [5].

7 Interoperability Aspects

The investigated monitoring system is based on Java technology and exploits RMI for
remote communication between system components and reporting monitored events.
The interoperability with systems implemented in other technologies is provided via
SOAP Gateway. The concept of this component follows OGSA guidelines which
proposes Web Services as “glue” technology for future generation grids.

The SOAP Gateway is designed and implemented under Crossgrid Project. It
exposes a functionality of monitoring system as Web Services and allows access to
interfaces of MBean Server Agent services and monitoring MBeans via standard
SOAP protocol. An important feature of SOAP Gateway is its auto-configuration
mechanism. The Gateway actively or passively discovers all MBean Servers available
in monitoring domain. This procedure exploits the discovery services described in
Section 5. Such a solution makes the monitored resources list accessible from the
Gateway consistent, even when grid nodes are temporarily switched off.

The Gateway translates SOAP RCP invocations on monitoring system MBeans to
RMI invocations. Inside the Gateway each MBean server is represented by a proxy
RMI connector. This solution guarantees that full functionality of each MBean Server
could be accessed via SOAP Protocol.

Under Crossgrid Project the SOAP Gateway will be used for integration of JIMS
with R-GMA at the first stage. However, the proposed solution is far more general
and could be used by any WS-enabled application.

8 Conclusions

The presented comparison study of Jiro Services and Java Management Extension
lead to the conclusion that both environments pose very similar or at least replaceable
functionality. Jiro environment seems to be more sophisticated and rather centralized
as relaying on Jini Lookup Service. JMX is less centralized and lightweight what
better satisfies scalability requirement of grid monitoring system.

Jiro Deployment Station and Lookup Service based system startup is more difficult
in configuration and management in comparison to the JMX M-Let Service. The
important point is that JMX implementation works reliably.
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Jiro has more powerful and well designed Event Service implementing most of
CORBA Event and Notification Service functionality. It provides rather general
filtering capabilities in contrast to rather simple filtering and notification mechanisms
available in JMX. This is not going to be a problem as event distribution layer
represents separate well defined functionality which could be implemented with
support of many existing open source events distribution tools.

Jiro environment has still many drawbacks and seems not to be supported in the
future. Thus, structuring JIMS around JMX would guarantee easy migration of the
system from Jiro services to JMX services without compromising any functionality of
the monitoring system developed in the first phase of Crossgrid Project.
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Abstract. Knowing the performance of an application in a Grid en-
vironment is an important issue in application development and for
scheduling decisions. In this paper we describe the analysis and op-
timisation of a computation- and communication-intensive application
from the field of bioinformatics, which was demonstrated at the HPC-
Challenge of Supercomputing 2002 at Baltimore. This application has
been adapted to be run on an heterogeneous computational Grid by
means of PACX-MPI. The analysis and optimisation is based on trace
driven tools, mainly Dimemas and Vampir. All these methodologies and
tools are being extended in the frame of the DAMIEN IST project.

1 Introduction

The efficient execution of a complex scientific application in a distributed, het-
erogeneous environment where resources are shared with others is a challenge for
the developer and user. The DAMIEN [4,7] project (Distributed Applications
and Middleware for Industrial Use of European Networks) aims to produce a
tool-chain to support developers and scientific users of Grid-applications. To
achieve this goal, new tools are created as well as existing and widely accepted
tools are extended to work in a distributed and heterogeneous Grid-environment.

For the HPC-Challenge at Supercomputing 2002 in Baltimore, we demon-
strated a computationally and communication-intensive application of the area
of bioinformatics, RNAfold [6], running on a computational Grid, successfully
employing the DAMIEN tool-chain. This computational Grid consisted of 22
high-performance computers installed at the sites of our partners, constituting a
distributed, heterogeneous Metacomputer. Regarding the heterogeneous setup of
the machines used, we validated the prediction of the run-time of the application
on a computational Grid.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 257-264, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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In this paper we focus on two of the DAMIEN-tools, namely PACX-MPI,
which will be introduced in the next section, and Dimemas, described in sec-
tion 3. Section 4 then describes experiments done with these two tools in con-
junction with the application RNAfold.

2 PACX-MPI

The middleware PACX-MPI [5] is an optimized MPI implementation and enables
MPI-conforming applications to be run on a heterogeneous computational Grid
without requiring the programmer to change the source code.

The hosts making up the computational Grid are coupled through an inter-
connecting network, e. g. the Internet. Communication between MPI-processes
within the host is done with the optimized vendor MPI, while communication
between MPI-processes on different hosts is carried out over the interconnect-
ing network. For this communication to run efficiently, two MPI-processes on
each host, the so called daemons, are employed. Any communication between
two remote MPI-processes has to be passed to these daemons, who then trans-
fer the message to the other host. While the internal connections provide very
high bandwidth in the range of several hundred MB per second with latencies as
low as 4 us, the external connection between hosts sometimes offer a connection
of poor quality, depending on various factors, e. g. distance between hosts, net-
work provider and even time of day. The main interest is therefore to speed up
communication over the external connections, either within the scope of PACX-
MPI or the application. In order to speed up the interconnection between hosts,
methods are being examined within the scope of the DAMIEN project.

Within this paper, however we focus on the application-level optimizations
applied for Grid Computing.

3 Performance Prediction: Dimemas

Dimemas is a performance prediction simulator for message passing applications.
It reconstructs the time behavior of a parallel application on a target architec-
ture. The inputs to Dimemas are: a tracefile of an execution of the application on
a source machine that captures the CPU bursts versus the communication pat-
tern information; and a configuration file that contains a set of parameters that
model the target architecture. Complemented with a visualization tool [3,8,10],
it allows the user to gain insight into the application behavior.

The initial Dimemas architecture model considered networks of Shared Mem-
ory Processors (SMP). In this architecture, each node is composed of a set of
processors and local memory. The interconnection of these nodes is modeled
with input/output links and a set of buses. In the IST project DAMIEN [4],
Dimemas had been extended to predict for Grid architectures. Therefore, the
target architecture is now a set of machines, each of them can be a network of
SMPs. Different machines are connected through an external Wide Area Network
(WAN) or through dedicated connections.
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Dimemas has different models for point to point communications and collec-
tive operations, with user-configurable parameters to fit different communication
library implementations and networks characteristics.

For point to point communications a very simple model expressed in Fig. 1
is considered [1]. This figure illustrates how a point to point communication
between two processes (i and j) is simulated by Dimemas. The model takes into
account some user defined parameters, as the latency or the network bandwidth.
The latency is considered as a resource consuming delay (the CPU of process
i cannot continue its calculations), but the flight time, a latency considered
for remote calculations, is non resource consuming. The transfer time, which is
calculated as the division of the message size by the network traffic, is also a
non resource consuming time, therefore, the sending process ¢ eventually would
be able to continue with other calculations. Additionally, Dimemas simulates
the resource contention (the simulation waits till the necessary links and busses
required for the communication are available) and also takes into account the
influence of the traffic in the network for remote communication (f(traffic)).

Process i | |

Process j s e .' T T T T b

I Machine Flight

| Latency L Sfidistance)
| Machine resources Transfer ‘ WAN contention

contention
ftraffic)

Size
(simulated links & buses) BW

Fig. 1. Point to point Dimemas communication model.

This general model can be applied to any type of communication, no matter
if it is local or remote. What will vary depending on the case are the values
(for example, a local latency will often be shorter than a remote latency) or the
existence itself of some of the parameters (the function of traffic and the flight
time only are considered for remote communications).

For collective operations, the two phase schema of these kind of operations
is taken into account: a first phase where all processes send data to the root
processor and a second phase where the root processor sends data to all other
processors. Eventually, a collective operation will only have one of those phases.
Also, each of those phases can follow different behaviors: logarithmic, linear ...

When considering collective operations through a computational Grid, each
of the previous phases is decomposed into two more: the part which takes places
inside each server and the part the takes places in the network. Dimemas takes
into account all these possibilities by means of a user configurable table of pa-
rameters for each machine in the Grid and one for the network. Further details
can be found in [1].
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4 Experiments

Every organism’s code of live, the genes, are stored in deoxyribonucleic acid
(DNA), which is available in every cell of the organism. Still the ribonucleic
acid (RNA) plays an even more important role in gene expression and protein
synthesis.

The single-stranded RNA is subject to a process called folding, where the
RNA’s bases start pairing in a semi-chaotic fashion, increasing the order of the
RNA-structure into a tertiary (3-dimensional) structure, resulting in a state of
minimal energy. This tertiary structure determines the RNA-sequence’s func-
tion. The ab-initio computation of such a tertiary structures is infeasible to
achieve with contemporary computers, but may be predicted with the help of
the corresponding secondary structure [2].

The application RNAfold calculates the secondary structure of RNA. It was
developed as part of the ViennaRNA package at the University of Vienna [6] and
MPI-parallelized. For iGrid2002 and the HPC-Challenge at SC2002, this appli-
cation was enhanced by Sandia National Labs and HLRS, namely the energy
parameters were updated, the application was integrated into the framework
of a virtual reality environment and the communication pattern was improved
in several consecutive steps to make it more efficient. Particularly the last op-
timization made it viable to run on a Metacomputer using PACX-MPI. Still
it’s computationally expensive in the order of O(n®), and also communication
intensive: O(n?), n being the number of bases in the sequence.

At first, the communication was analyzed, using Vampir [10]. Here, it showed,
that the computation is split in two parts: the first main communication follows
a regular pattern: each process is communicating with each predecessor and
its successor. In addition, process zero, which collects the intermediate results,
distributes them onto a single, distinguished node storing it for the second step.
In the second step, the secondary structure of minimal energy is reconstructed by
collecting the data onto process zero again. The former communication step used
five MPl _| sends to/from it’s predecessor and successor, which were integrated
into one M _| send.

The second communication pattern was specifically inefficient for high-la-
tency Metacomputing connections: process zero requests the data necessary for
reconstruction from the process storing the particular data (sending three in-
tegers: matrix id, x,y-coordinates), which then delivers the data (returning one
integer). The data requested consists of the F'™-matrix, Fig’f storing the mini-
mum free energy of substructure (¢, j] of the sequence, if ¢ and j are part of a
so-called multi-loop and the FB-matrix, Ff; being the minimum free energy of
substructure [¢,j] of the sequence, with bases¢ and j forming a pair. Since it
was recognized, that process zero requests all values twice (some values over 700
times), a caching mechanism was implemented. Through the help of counters
recorded from within the application into a file, it was recognized that values
are requested following a regular pattern (see Fig. 2 for access pattern of the
FB_matrix and the FM-matrix; colors encode the ordering of accesses, blue to
red). One notes, that for the F™-matrix values are accessed in a linear fashion,
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i.e. process zero requests consecutive values of this matrix starting in this case
from the diagonal center upwards (and downwards) and from the upper center
to the rightmost corner (and backwards). For the FP-matrix values requested
from process zero are also clustered together.

To improve the efficiency of the communication, prefetching was introduced.
While for FB-matrix a square-sized area of the matrix was prefetched and trans-
mitted, for the FM-matrix a heuristic was integrated guessing the future values
of the matrix being asked for: either a horizontal or a vertical line, both either
incrementing or decrementing. This improved the computation time even for
single HPC calculations of large sequences.
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Fig. 2. Access pattern of the FM-matrix (left) and the FB-matrix (right).

4.1 Experiments at CEPBA-UPC

A first set of experiments was performed at the European Center for Parallelism
of Barcelona(CEPBA) at the Technical University of Catalonia (UPC). The
heterogeneous Metacomputer used in this case was composed of two machines:
an SGI Origin 02000 server with 64 processors (Karnak) and an IBM RS-6000
SP with 8 by 16 Nighthawk Power3 processors (Kadesh).

Dimemas tracefiles of local executions on the SP3 were extracted with mpid-
trace, the Dimemas tracefile generator. These tracefiles were then used to feed
Dimemas simulator with different input configurations. To estimate the char-
acteristics of the connection between the two machines the pi ng program was
used. Depending on the network situation at each moment, the nominal values
of the WAN parameters can vary at each moment. Afterwards, measurements of
distributed executions between these two machines were performed to validate
Dimemas predictions. The prediction for these cases was obtained by setting the
network bandwidth to 0.5 MB/s and the flight time (network latency) to 4.9 ms.
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We compared the results on the predicted values versus the measured values on,
and the differences ranged between the 8% and the 17%, which we consider to
be very good results.

4.2 Parametric Studies with Dimemas

Rather than predicting for a given configuration, Dimemas is also very useful
for performing parametric studies of applications. In this sense, one can study
which will be the best configuration in terms of machines, nodes and processors
to run the application or which will be the threshold on the network parameters
that will degrade the behavior of the application communications.

As an example the yeast DNA sequence has been used as data input, run
with eight processors. The input configuration was set to two machines, with
four processors each. A set of two hundred simulations were performed, ran-
domly varying the values of two parameters: the network bandwidth and the
flight time (latency of the network due to the distance). For each value of the
flight time and network bandwidth a prediction was calculated. Each point of
Fig. 3 shows the value predicted by Dimemas for the execution time against the
network bandwidth and the flight time. Since this is a three-dimensional plot
only projections are shown. We can observe that this application is sensitive
both to the network bandwidth and to the flight time. However, for values of
network bandwidth above 1MB/s, the performance of the application will be
mainly sensitive to the flight time parameter. This experiment was performed
using the Metacomputing tool ST-ORM [9].
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Fig. 3. Results of parametric study using Dimemas and ST-ORM.

4.3 Experiments between Both Sites

Testing the prediction of Dimemas on links with high-latency was performed on
a distributed heterogeneous Metacomputer consisting of a 512 processor Cray
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T3e900 (Hwwt3e) installed at HLRS and the IBM-SP3, as well as the Origin-
2000 installed at CEPBA. Figure 4 summarizes the results of the tests performed.
In the x-axis there are the different benchmarks and configurations that we have
used for these experiments. The benchmarks are Test _1000 to Test _6000, with
1000 and 6000 bases respectively, which are synthetic data sets to RNAfold. The
configurations that have been considered are 4+4, with 4 processors on the 02000
and 4 on the T3E; and 6+6 and 14+14, with 6 and 14 processors on the IBM-SP
and on the T3E respectively. For all these cases, some of the measurements were
done more than one time (Measure 1 and Measure 2) showing how influent the
network state can be on the achieved performance.

To estimate the latency and bandwidth of the network between Barcelona
and Stuttgart, a combination of ping and traceroute tools were used. From the
values obtained with those tools, a range of flight times and bandwidths were
identified. These range of values were then used to feed Dimemas and obtain
different prediction lines: for first line (in solid), the bandwidth was set to 70kB/s
and the flight time to 10ms; for second line (in dashed), to 100kB/s and 10ms
and for third line (in dotted) to 200kB/s and 1ms respectively. One may observe
how Dimemas is able to capture the behavior of the application under this range
of values, since all measured values (except one for the 4+4 configuration with
Test 4000, which is slightly above the prediction) fall between the Dimemas
predictions.
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Fig. 4. Results obtained with a distributed Metacomputer.

5 Conclusion

The use of performance analysis and prediction tools for parallel codes is a must
on computational Grids due to the complexity of the environment and of the
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codes themselves. The DAMIEN project aims at the development of tools for
message passing applications on heterogeneous computational Grids. This paper
presented some of the work performed in this project.

We demonstrated that the tools work for real applications, especially that
Dimemas is not only able to analyze the sensitivity to network parameters like
latency and bandwidth, but also to predict the behavior of the application in the
extreme environment of the Grid. In addition, we introduced some application
optimizations, like caching and prefetching, to reduce the sensitivity to latency
and thus improve the performance.
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Abstract. There has been a lot of discussion and study in the recent
past about how distance learning could be improved using emerging tech-
nologies. Collaborative tools based on the web/internet infrastructure
such as e-mail, discussion groups, video/audio conferencing and virtual
campuses have been proposed and implemented in many areas of dis-
tance learning. We had proposed [3] ULabGrid as a new architecture
that enables educators to design collaborative, distant laboratories for
undergraduate students using the Grid infrastructure. We describe here
some of the changes we have made to the proposed architecture and the
prototype that is being developed and present the results of our efforts
to date.

1 Introduction

Many collaborative laboratory systems proposed in the literature that target in-
dividual tools tend to be unreusable, in spite of the fact they involve a significant
amount of duplicated effort. For example, systems such as the Exploratarium [1]
and JSPICE [17] are based on scripts that need to be modified in order to add
new applications to the system. Other designs are more flexible, for example,
the MOL [15] prototype employs static web interfaces that can be adapted for
individual tools. However these static interfaces are not adequate for any tool.
Solutions that address individual issues are generally reusable, but the tasks of
adapting them for a production environment and integrating them into a com-
plete computing infrastructure are non-trivial (VNC [16]).

As far as we know, PUNCH (Purdue University Network Computing Hubs)
is the first and, to date, the only web-based computing system that is designed
to support arbitrary tools and is utilized on a regular basis in a university envi-
ronment [10],[11],[12]. However, the PUNCH system is not built over a GRID.

In this study, we design and implement a collaborative distance learning ap-
plication that uses the ULabGrid infrastructure [3]. The users we target are

* Authors listed in alphabetic order.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 265-272, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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undergraduate students. The system will allow users to run the tools needed
to develop the labs through the net and will provide operating system services
for networked resources (provides user-transparent file, process, and resource
management functions, handles security and access control across multiple ad-
ministrative domains, and manages state information - session management).
Users will be capable to run tools remotely from everywhere at any time using
their own computers.

2 Advantages of Using a Grid
for Collaborative Laboratories

According to a definition, “A grid is a large-scale geographically distributed
hardware and software infrastructure composed of heterogeneous networked re-
sources owned and shared by multiple administrative organizations which are
coordinated to provide transparent, dependable, pervasive and consistent com-
puting support to a wide range of applications” [4]. Some of the more common
problems that emerge when using educational software in a distant laboratory
at the present time could be solved using a Grid infrastructure.

— Software installation and maintenance. Under a Grid infrastructure, software
will be installed and maintained by an expert (system administrator) and
the students need not spend time downloading, installing and configuring
their own machines.

— Licensing. Often, the software used in educational labs is not a free distri-
bution and the educational center has only a limited number of licenses. A
Grid infrastructure could manage the number of licenses that are running
in the global system and allow the students to work with the software from
home.

~ Lack of hardware resources. Sometimes, the software can only run on very
powerful or specific machines so the students can’t work at home with this
software. In a Grid these specific machines belong to the Grid and the stu-
dents only need to access it remotely.

~ High cost in changing the lab contents (hardware and software). Changes
and updates to the software are once again handled by the administrator -
freeing the student from the burden of doing it at home.

— Non homogeneous results. Another problem solved if the software lab resides
on a Grid is the fact that the results of the exercises for all students are
guaranteed to be from a unique environment. It will make the detection of
errors easier for both students and teachers.

~ Large-scale geographically distributed hardware and software infrastructure
shared by multiple administrative organizations. Using a Grid infrastructure,
we could communicate with more than one learning laboratory - thereby,
the students could collaborate with others that are working with the same
tools in different universities. At the same time, a university with various
campuses geographically distributed could share all their software in a global
way.
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— Transparent computing. The students don’t have to spend time knowing
how to use a particular software and could concentrate all their efforts on
the learning process. For example, they could program in C - independent
of the programming tool. This will improve the student’s learning curve.

At present, there are toolkits for programming in a Grid infrastructure that
have been designed to provide additional support for industry standardization
based on the Grid protocols, for example, the Globus Project [8]. Using a Grid
for Collaborative Laboratories could not be possible without a parallel research
effort. In one hand, development and promotion of standard Grid protocols (e.g.
OGSA) to enable interoperability and shared infrastructure. On the other hand,
development and promotion of standard Grid software APIs and SDKs to enable
portability and code sharing. The above point “Large-scale geoghaphically dis-
tributed hardware and software infrastructure shared by multiple administrative
organizations” is hard to complete without standards and probably has no sense
without them.

Some of the challenging aspects of collaborative applications built on a grid
architecture are the real-time requirements imposed by human perceptual ca-
pabilities and the rich variety of interactions that can take place. Using a Grid
for Collaborative Laboratories could not be possible without the improvement
of network speed (computer speed doubles every 18 months and network speed
doubles every 9 months, difference = order of magnitude per 5 years) (Globus-
World 2003).

2.1 Educational Applications of Grid Tecnology

From previous charateristics of grid tecnology we can distinguish three main
educational applications of grid technology. First ,it might permit students to
access remote instruments and data for laboratory experiments using real in-
strumentation and real data sources. Second it should permit collaboration and
knowledge sharing among students in different institutions; and third it should
permit creation of virtual courses and classes among different organizations.

3 Framework for Collaborative Learning Applications
over Grids

The ULabGrid infrastructure is being developed using the de-facto standard pro-
vided by the Globus toolkit 3 (GT3) [7]. The resource management pillar known
as the Master Management Job Factory (MMIJFS) provides support for: resource
allocation, job submission and the management of job status and progress. The
information services pillar known as the Index service provides support for dis-
covery. The information provided by these services with regard to estimated
execution time and queue delays will be used to schedule lab exercises on the
available resources. The data management services of GridFTP will be used to
manage the transfer of data between nodes, while the Grid Security Infrastruc-
ture (GSI) will help to ensure secure access to resources.
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Fig. 1. Functional Working of the Session and Grid Managers.

The infrastructure being developed essentially consists of four main compo-

nents:

the Grid

|

User: end/user, basically the client for the system
Collection of resources: collection of computing/storage nodes that comprise

setup and client requests for session status changes).

data (network load, machine load etc.)

We expand upon the functionality of the two, last-mentioned components in

the following section.

Session manager: part that manages every on-going client session (including

Grid manager: to manage the resources (including resource discovery, file
transfer, job status etc.). This component must provide an efficient way to
organize all networked resources and will be responsible for choosing the best
available resources given static demands(user requirements) and dynamic

3.1 Functional Working of the Session and Grid Managers

As shown in Figure 1 the functional working of the session and grid managers

can be described in five steps:



ULabGrid, an Infrastructure to Develop Distant Laboratories 269

1. User connect to the server where the session manager is running, asking for
a new connection and providing information regarding him/her self, name
of the application they want to run, identification of the group they belong
to(if any) and the identification of the terminal at which they are working.

2. The session manager, after authenticating the user, queries the Grid manager
for the computational resource requested and passes this identifier to the user

3. Before starting the remote execution, the Grid manager transfers all the
user’s files via globus RDT services to the selected remote machine. With
the application name, the remote machine name the Grid manager starts
a VNC server process and the application on the remote machine via the
services offered by MMIJFS.

4. The user now starts the VNC client on his/her machine to begin the session
with the remote machine on the grid.

5. During the session, the user can request the Session manager to:

a) Let her know about other users of the same group who are working on
the application.

b) Allow him to be just a passive student (without ability to control).

c) Allow him to be an active student (be allowed to take control of the
application and collaborate).

4 Case Study. Collaborative Learning
in a Flight Simulator

We have researched different learning environments that might take advantage
of grid properties. Simple collaborative learning applications such as chats, or
shared blackboards can be executed on a grid, however they do not take ad-
vantage of fundamental characteristics of grids. We were looking for a learning
software application that required a large amount of computing resources, pro-
cessing power, memory and network bandwidth. In our nearby school of aero-
nautics we found that flight simulators was such an application. Though they
currently use a commercial simulator, they pointed us to a free simulator whose
source code was available, which will allow us to add new functionality in the
future. FightGear [6] is a flight simulator that allows one to pilot different kinds
of airplanes, in many topographic scenarios that are computer generated, and
require large amounts of processing power. We need to measure which resources
this application needs from a grid, so that a resource management technique is
designed to assign simulation sessions to grid resources.

4.1 Group Flight Lessons

Learning to fly is a complex and responsible task. An instructor will always be
required so that no error is committed since security is of paramount importance.
Collaborative learning will be an effective method for learning to fly. We are
investigating how students can benefit from collaborative learning by techniques
such as sharing navigation controls, or annotating flight directions, etc.
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5 Early Technical Results

Our initial experience with the Flight Simulator program over the ULabGrid
system gave us the opportunity to extract some important concluding results.

5.1 Resource Requirements and Resource Scheduling

Initial trials with the Flight Simulator program show that it has high com-
putational requirements. A single simulator session consumes 100Pentium III
processor running Linux (RedHat). Flight Simulator has very high computa-
tional demands because it generates 3 dimensional scenarios on-the-fly using the
OpenGL library [14]. It also has high demands on network bandwidth. We have
found that there are different implementations of VNC with different compres-
sion ratios, and protocol complexity, one of such implementation is specially
suited for OpenGL applications. In fact this implementation was the only one
with acceptable screen refresh rates. We are currently working on obtaining net-
work bandwidth requirements figures.

We are investigating resource-scheduling algorithm for such an application.
Work by Bote et. Al. [4] shows it is an interesting area of research. Also inter-
active applications resource scheduling is a novel research area [13]

5.2 Shared Cursor Control

Another interesting result from initial trials is to do with the shared control
of the navigation panel. The VNC protocol permits sharing screens and input
devices. An initial test we conducted allowed both students to share control of
the mouse cursor. Though of course this will not be a possibility in a real plane,
for educational purposes it might be a nice feature, we have to investigate this.

5.3 Opverlays for Scalability and Intra Group Communication

Overlays [9], are a software infrastructure for many-to-many communications. So
that if large groups of students collaborate, they might be required. Instead of
initiating one VNC session per student, a multicast overlay will permit one single
VNC session per group. Also, overlays might allow intra group communications.

6 Related Work

To our knowledge there are very few works trying to use the grid for educational
purposes. There are some proyects implementing a Grid to permit students to
access remote instruments and data for laboratory experiments using real instru-
mentation and real data sources. With that goal in mind it has been design the
World-Wide Telescope [18], it is an educational tool that allows students world-
wide to access data gathered by a telescope for studying astronomy, though it
has not been implemented with grid technology. Datagrid [5], a grid to provide
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high energy physicist with PetaBytes of data from the Large Hadron Collider,
has been said to permit students to access same data and tools that scientist.
There is even less work on using a grid to permit collaboration and knowledge
sharing among students in different institutions; or to permit creation of vir-
tual courses and classes among different organizations. Globus Toolkit is being
extended to provide a collaborative framework by Amir et al. [2].
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Abstract. Combining Mobile Internet and Grid technologies could
mean the ability to command the power of supercomputers with a mo-
bile device. The computing and data transfer capacities of mobile devices
are expanding and Grid-related technologies are already being employed
in them. In this paper, we survey the current technologies and stan-
dards, mainly concentrating on MIDP (Mobile Information Device Pro-
file) devices and Java (J2ME) interfaces. The technology has a potential
for many new interesting applications. This paper outlines a feasibility
study, a technological review and examples of applications.

1 Introduction

While wireless devices such as high-end Personal Digital Assistants (PDA) and
Mobile Communicators have become as powerful as some Personal Computers
(PC), the fact that they can be constantly connected to the Internet opens doors
for new types of networked applications. Although Microsoft Windows has dom-
inated the desktop computer, eventually the mobile phone will be dominated
by Java [19]: All major mobile phone manufacturers have introduced handsets
based on the Java 2 Micro Edition [20] language in order to provide a homoge-
neous application platform for 3rd party developers. The market tendency is that
soon every new phone is Java-enabled which will steadily propagate to cover the
current one billion subscriber base by year 2006, as the ARC Group researchers
estimate [12].

Besides the Mobile Internet traditional Internet computing is experiencing
a conceptual shift from a Client-Server model to Grid and Peer-to-Peer (P2P)
Computing models. In these models, computing and information resources as
well as the meta-data about them are scattered throughout the Internet. The
precursors of Grid technology are used e.g. to find extra-terrestrial intelligence
from outer space (Seti@Home) [24] or to find cure for AIDS (fightAIDS @Home)
[15] by donating unused computing cycles or to share digital music files with
peer groups (Napster) [13] by extending searches to every computer in the P2P
network.

As these two key trends: Mobile Internet and the Grid, are likely to find each
other, the resource constraints that wireless devices pose today affect the level
of interoperability between them. The goal of this research is to investigate how
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well the most limited wireless Java devices (MIDP) [20] can make use of Grid
technologies.

2 Motivation and Background

Grid is the umbrella that covers many of today’s distributed computing tech-
nologies. Grid technology attempts to support flexible, secure, coordinated in-
formation sharing among dynamic collections of individuals, institutions, and
resources. This includes data sharing but also access to computers, software and
devices required by computation and data-rich collaborative problem solving
[11]. As a scientific example the Grid will help European Organization for Nu-
clear Research (CERN) to effectively share and manage the collision data from
the new Large Hadron Collider (LHC) with rate of 100-1000 Mb/s. The differ-
ence between Computational Grids and P2P networks is roughly that they are
currently targeted for different audiences. The vision of Computational Grids is
to provide tools for power users and usually scientists to harness the power of
the grid in the same way as plugging into a socket on the wall for electricity. To-
day P2P networks are used to create virtual communities to access commodity
resources such as MP3 files.

A Computational Grid is a collection of computers, on-line instruments, data
archives and networks all tied together by a shared set of services that, when
taken together, provides users with transparent access through interface devices
to the entire set of resources [9].

A P2P network is a collection of users, interface devices, computers, on-line
instruments, data archives and networks all tied together by a shared set of
services that, when taken together, provides all the elements transparent access
to each other [9].

So far the use of Grid services has required a modern workstation, special-
ized software installed locally and expert intervention. In the future these re-
quirements should diminish considerably. One reason is the emergence of Grid
Portals as gateways to the Grid. Another reason is the Web Service boom in
the industry. The use of XML as a network protocol and an integration tool will
ensure that a future Grid peer could be a simple wireless device. The main argu-
ment for XML is that it separates applications from the network and developers
will be able to create applications to run on different platforms and networks.

The special resource constraints that today’s wireless devices pose are nu-
merous [20]:

Persistent storage is limited and shared by all applications. Modern low-

end PDAs are pre-equipped with maximum of 8 Mb memory. Simple mobile

phones have only 256 kb of memory.

— Runtime heap is small, 128-256 kbs.

— Network bandwidth is very limited and latency is high: GSM 9.6 kb/s, HSCD
43.2 kb/s, GPRS 144 kb/s, WLAN 11Mb/s.

— Processor performance is modest RISC/CISC 16-50 Mhz.
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— Electrical power is confined to that available from small batteries.
— Screen size for building a user interface is minimal. Mobile phones may only
have space for 3-6 lines of text on screen.

We will concentrate on the most limited category of wireless Java 2, Mi-
cro Edition (J2ME[tm]) devices that use the Mobile Information Device Profile
(MIDP). The MIDP specification contains Java packages (see Figure 1.) that
have to suffice for applications limited with 128 kilobytes of Java runtime and 8
kilobytes of persistent memory. The MIDP implementation itself has to fit into
256 kilobytes of non-volatile memory [20]. The Applications that these devices
understand are Midlets (analogues to Applets, Servlets etc). Typically the max-
imum size of a midlet varies from 30-50 kbs and a user can download four to six
applications to their mobile phone. J2ME is a set of technologies and specifica-
tions developed for small devices like smart cards, pagers, mobile phones, and
set-top boxes. J2ME uses subset of Java 2, Standard Edition (J2SE[tm]) com-
ponents, like smaller virtual machines and leaner APIs. J2ME has categorized
wireless devices and their capabilities into profiles: MIDP, PDA and Personal.
The MIDP and PDA profiles are targeted for handhelds and Personal profile for
networked consumer electronic and embedded devices.

As the technology progresses in quantum leaps any strict categorization is
under threat to become obsolete. It can already be seen that J2ME Personal pro-
file (a.k.a. PersonalJava) are being used in high-end PDAs such as PocketPCs
and Mobile Communicators. These device profiles are likely to grow after new
releases. Despite the physical limitations of wireless devices that may remain
constant, memory and processing power is increasing all the time. For example
Samsung has recently introduced an integrated chip that contains most function-
ality of a mobile phone, with support for multiple operating systems (Windows
CE, Palm OS, Symbian and Linux), 356 Mb of Flash ROM and 256 Mb of RAM
memory together with a 203 Mhz Arm processor [2].

3 Mobile Devices and Grid

3.1 Feasibility

A Wireless PDA/Mobile phone can be envisioned in the following roles in a Grid
Infrastructure:

— Data consumer: Provide an intelligent user interface for remote analysis and
control.

— Data producer: Ability to register physical phenomena by functioning as a
sensor or captor.

— Storage element: Provide a persistent storage for data produced or configu-
ration information used in the Grid.

— Computing element: The capability of running small computational tasks or
jobs on demand.
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Planned further research will provide a detailed analysis of how feasible each
role is for Java-enabled wireless MIDP device by means of literature study and
prototype construction.

Special attention will be given to application of industry standard protocols
and their derivatives for facilitating the devices’ possibilities to act in these
roles. Nevertheless the biggest factor remains the extent that the Grid Security
Infrastructure (GSI) model can be applied.

3.2 Emerging Technologies and Related Work

Comparison with Wireless Application Protocol

One of the advantages that MIDP has over browser-based technologies such as
WAP is that it is universal and it provides the same application programming
interface (API) to various devices whether they are mobile phones, two-way
pagers, or low end PDAs. Furthermore MIDP includes facilities for persistent
storage of data which are kept intact throughout the normal use of the plat-
form, including reboots and battery changes. As in the J2SE Java development
environment, MIDP provides an enhanced user experience by providing tools
for building richer and responsive graphical user interfaces (GUI) for applica-
tions that load the server and the network more optimally. MIDP applications
are able to process small tasks in the background while transferring data. This
fact will alleviate the higher response times resulting from wireless networks.
According to Nokia’s internal studies and informal tests [1] the average latency
for a HTTP based round trip accross GSM based network is 5-10 seconds for
first round and 2-4 seconds for following round trips. These figures are much
larger than from those of accessing Web pages with modern personal computers
connected to wireline network.

Wireless Clients with Enterprise Java

Java 2 Micro Edition (J2ME), as part of the overall Java framework, is designed
to interoperate with Java 2 Enterprise Edition (J2EE), which includes tools for
developing Internet-aware distributed multi-tier applications. This specification
not only enables Object Oriented Web application development but also stand-
alone Java applications. Sun has published blueprints for ‘Designing Wireless
Clients for Enterprise Applications with Java Technology’ [14], which takes ad-
vantage of various J2EE specification methologies. Technologies that are partic-
ularly of interest for wireless application development are XML-based protocols,
Java Messaging Service (JMS) and Java Servlets.

Open Mobile Alliance

MIDP-enabled mobile phones have the potential to become de facto the mobile
payment and personal access medium by incorporating X.509 certicates as digital
fingerprints inside the WIM/SWIM [7] card. Open Mobile Alliance (OMA) has
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java.io MIDP subset of system input and output through
data streams

java.lang MIDP subset of the core Java programming lan-
guage

java.util A small subset of utility classes

javax.microedition.io Networking support using the Generic Connection

Framework; MIDP 2.0 includes new socket, UDP,
serial, and secure connection types, and push func-
tionality

javax.microedition.ledui MIDP user interface classes
javax.microedition.ledui.game |Gaming classes such as sprites, game canvas, and
layer manager

javax.microedition.media The interfaces for controlling (Control) and ren-
dering (Player) audio - sound classes compatible
with the Mobile Media API (JSR 135) specifica-
tion

javax.microedition.media.control{Sound -control classes (ToneControl and Volume-
Control) - compatible with the Mobile Media API
(JSR 135) specification
javax.microedition.midlet The application (MIDlet) interface, its life-cycle
classes and its interactions with the runtime envi-
ronment, and the application manager

javax.microedition.pki Public key class for certificates used to authenti-
cate information for secure connections
javax.microedition.rms Persistence classes for storage and retrieval of data

Fig. 1. The J2ME MIDP 2.0 API package structure [20].

published specifications for such a WAP Public Key Infrastructure (WPKI). In
addition to hardware based smart card storage, X.509 certificates can be stored
from MIDP applications into the Record Medium Storage (RMS) on the phone.
A prominent software for building PKI-aware wireless applications is the Bouncy
Castle Crypto package [21], which is an Open Source implementation of popular
cryptographic algorithms including a lightweight cryptographic API for J2ME.

Project JXTA

Another technology that has potential for J2ME devices is JXTA, a P2P pro-
tocol framework, that contains an implementation for J2ME. JXTA for J2ME
is a lightweight edge peer that operates through JXTA relays. JXTA relays act
as proxies for completing more complex tasks for wireless devices and collecting
and trimming incoming data for forwarding through a low-bandwith connec-
tion. Meanwhile wireless peers have to poll the relay periodically to acquire the
collected responses. JXTA for J2ME implements basic JXTA features such as
User, Group and Peer discovery, creating pipes and groups and communicating
with other peers. JXTA is based on simple a XML message-passing technique
and JXTA for J2ME is primarily targeted for online gaming, financial services
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and instant messaging. JXTA has also been studied as a large framework for a
distributed computing platform [17] and as a development platform for a large
economics-based Grid computing marketplace [23].

Open Grid Services Architecture and XML Protocols

The XML protocol-based Web Services interfaces were initially promising as a
communication method between wireless devices and back-end servers. A prime
candidate for wireless Grid applications is the new Open Grid Services Archi-
tecture (OGSA) model used in the Globus Toolkit 3 [10]. Wrapping the existing
Grid middleware with XML interfaces holds the promise of providing a universal
solution also to wireless devices. As it happens the XML multipurpose protocol
stack can be reused over and over again, while the protocol implementation and
payload can be described with Web Service Description Language (WSDL) in
plain text. However given account to the limited memory constraints, Web Ser-
vices technology is likely too heavy for first generation MIDP devices. The fact
remains, that Web Service protocol implementations such as kKSOAP [3] weigh 41
kilobytes i.e. over 30 percent of standard application memory of low-end MIDP
device whereas more lightweight protocols such as kXML-RPC [3] requires only
24 kilobytes. The overhead of Simple Object Access Protocol message parsing
in light J2ME-based wireless devices has also been studied and the results show
2-3 times slower response times compared to a proprietary protocol that com-
municates with a proxy client that utilizes Web Services on behalf of the wireless
client [26]. The upper scale of MIDP devices is quickly changing and highend
mobile phones will provide as large memory footprints as 16Mb (eg. Nokia 6600,
the first MIDP2 implementation available Q4/2003). Mobile Web Services is a
future technology trend addressed by Microsoft, Open Mobile Alliance and the
Parlay Group.

Software Agents for Wireless Devices

The Foundation for Intelligent Physical Agents (FIPA) [4] was formed in 1996 to
produce software standards for heterogeneous and interacting agents and agent-
based systems. The FIPA lists publicly available Agent platforms [5], some of
which are built with wireless devices in mind such as Agent Development Kit,
Fipa OS and LEAP. According to the Wireless World Research Forum (WWRF),
Agents are one of the key enabling technologies for future wireless devices es-
pecially combined with web services and instant messaging capabilities [8]. The
Helsinki Institute of Physics has also studied GSI enabled Agent platforms in
development of the Mobile Analyzer concept [16]. The Java Community Process
(JCP-87) is also currently specifying a new Application Programming Interface
(API) for Java Agent Services (JAS) [22].

3.3 Example Applications

The most natural way for small wireless devices to function on the grid is to
provide ubiquitous access to timely information as data consumers. As such
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they provide a handy alternative and extension to traditional access media such
as stand-alone networked applications or Web browsers. While the capabilities
of acting as a Computing Element or a Storage Element is very limited, wireless
devices such as mobile phones can be used as sensors or captors in novel ways:

— By default, base stations report locations of mobile phones into the cen-
tral database of Mobile Switching Center. Individual phones can be tracked
anonymously and timed as they move from point A to point B. This mo-
bile phone location and related data can be used in e.g. traffic planning and
monitoring [25], When mapping velocities of mobile phone users on public
highways, it is possible to measure traffic flow and indicate possible traffic
jams and thus provide valuable, accurate and cost efficient information via

radio, Internet and Short Message Service.

— The movement of lungs and heartbeats cause interference with mobile phone
connections and can be detected by an active phone close to the human
body. This data can be used to produce valuable information of pulse and
breathing rate for realtime healthcare applications [18]. It can be used as
an inexpensive way of monitoring vital signs of victims of earth quakes or
avalanches or as a remote diagnostic tool for doctors and their patients.

These two examples were presented because they require few or no modi-
fications to standard mobile phones. This is an important factor for maximum
deployment potential. Currently sensors like cameras, global positioning systems
(GPS) and thermometers are being introduced into wireless devices. Especially
cameras and the digital images they produce will catalyze novel applications e.g.
in computer vision and pattern recognition area that would require increasing
amounts of computing power in the future:

— Although the resolution of today’s camera phones are limited (Nokia 7650,
300k pixels), Optical Character Recognition (OCR) techniques developed
by IBM are able to interprete 4000 Chinese characters in 6 fonts. Combining
this with a translation service (An IBM Zurich research laboratory showcase)
would be useful for western tourists with camera phones in China.

While today’s mobile phones are able to download new ringtones, logos, and
new games from the wireless network, the Software Defined Radio (SDR) Forum
[6] defines an open architecture for reconfigurable wireless technology. This tech-
nology plays key role in seamless network convergence for multi-mode wireless
devices that are capable of roaming into heterogenous access environments and
to utilize applications specific to these environments.

— The Software inside mobile phones is becoming complex and such software
can already be referred as an operating system in the same way as in personal
computers and workstations. Many of the problems or bugs that users face
in daily operation are not hardware based and can be fixed with software up-
dates called patches. A scenario where constantly connected wireless devices
could update themselves automatically would need a security infrastructure
similar to one used in the Grid, where users and service entitities trust each
other.
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4 Summary and Discussion

In this paper, the role of mobile devices in a Computing Grid environment was
outlined. We presented the current state of mobile devices, their feasibility for
different roles in a Grid, and presented some example applications.

The P2P and Grid concepts represent two ends of the same problem. P2P
has already viable tools to connect most limited wireless devices in a Grid-like
fashion. Academic Grid tools like Globus, Condor or Legion on the other hand
are suitable for creating global grids connecting computing centers. The missing
link between these high and low end Grid computing concepts could be filled with
emerging technologies to create end-to-end distributed computing applications
with mobile control.

The research work will rely on the capabilities of the GridBlocks framework
(http://gridblocks.sourceforge.net) being developed by the Helsinki Institute of
Physics. The framework will be extended to provide the required functionality
to connect a Wireless Java device to the Grid. The outcome is also dependent
of the maturity of J2ME specification implementations. MIDP profile has been
chosen for this reason. The current release of MIDP specification is version 2.0,
but at the time of writing there is no supported hardware available. MIDP
specification version 2.0 includes many important new features such as Secure
Socket Layer and Wireless Transport Layer Security support, signed midlets,
over-the-air provisioning and push architecture.

The future activities will be as follows:

— Creating a wireless test environment. Studying the development environment
and the limits of chosen wireless devices (a recent low-end PDA and a mobile
phone). Designing and implementing a P2P network for these devices.

~ Designing and implementing wireless Grid applications (in Data Consumer
and Data Producer roles). Study the possibilities to make the applications
secure (Grid Security model). Designing and implementing security features
where possible.
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Abstract. Recent research in the area of high speed TCP has revealed
that the protocol can misbehave in cases of high bandwidth long delay
networks. Here we present work that clearly demonstrates this behavior
of TCP flows in detail. This examination has led us to study the influence
of the underlying network as well as the end user system using bursty a
protocol such as TCP under such conditions. We describe briefly what the
requirements are for such an extreme network environment to support
high speed TCP flows.

1 Introduction

In general, Grid applications can be very demanding on bandwidth requirements.
Provisioning (very) high speed optical paths (called lambdas) could provide a
solution to this problem. However, the question remains, do these kinds of paths
behave normally in respect to user applications if they are extended over long (>
5000 km) distances? To test this SURFnet [7] provisioned a 2.5 Gbps Lambda [5]
between Amsterdam and Chicago. Initial tests on this link were conducted to
understand how transport protocols, such as TCP, behave and what additional
requirements high speed flows impose on the environment, including end user
systems. Initial throughput measurements of a single TCP stream over such an
extreme network infrastructure showed surprisingly poor results. Later in 2002
the same set of experiments was repeated on the DataTAG [3] infrastructure with
similarly poor results. The reasons are examined in the following paragraphs.

2 Properties of the Network Infrastructure

The initial network configuration using the SURFnet Lambda (2.5 Gbps) is
shown in Figure 1. Two high-end Personal Computers (PCs) were connected to
each other, using Gigabit Ethernet via two Time Division Multiplexer (TDM)
switches and one router. One TDM was located in Amsterdam, the other one in
Chicago. The switches encapsulate Ethernet packets in SONET frames up to the
rate of the specific SONET channel (622 Mbps initially, later 1.25 Gbps). The

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 282-290, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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Fig. 1. Initial network setup. Two hosts connected back via two TDM switches inter-
connected at OC48 Link (96 msec RTT), sub channeled into an OC12.

Round Trip Time (RTT) was about 100 ms and thus had a high bandwidth-delay
product. The link was exclusively used for research so there was no background
traffic to influence the results. Initial tests were done in a back to back config-
uration which showed a throughput close to the speed of the SONET channel
speed between the switches. Tests done with the same switches placed in Amster-
dam and in Chicago, using a single stream TCP session, yielded a throughput
(80 Mbps) an order of magnitude less than the bottleneck (SONET channel)
capacity. This difference led us to the conclusion that the problem lay in the
large RTT. Traces of TCP flows showed the burstiness of TCP during the slow
start phase. This lead to the idea that the TDM switch could not cope with the
amount of data being bursted and thus was dropping packets. Flow control was
not operational. The DataTAG configuration was essentially the same with the
TDM’s replaced by routers (Cisco 760x’s). In order to estimate the maximum
possible burst-size which would not cause packet loss in the switch, we used
a tunable UDP stream. This enabled us to mimic the bursty nature of TCP’s
slow start phase. Using UDPmon [9], 5000 numbered UDP packets, each with
a length of 1000 Bytes, were sent with no inter packet delay from the sender
to the receiver. The first loss occurs after about 1500 packets. Thereafter ev-
ery one in three packets is dropped. The bottleneck mentioned is probably the
cause of this since the ratio of dropped packets agree with the bandwidth ratio.
Furtheron, after about 2400 packets, a continuous block of about 150 packets
is lost. We assume that these are dropped at the receiver. Reading out of the
(SNMP) counters at the switches in the path supported this assumption. The
receiving PC is overwhelmed and it drops a series of packets. Assumedly they
are dropped while being copied from the memory of the Network Interface Card
(NIC) to the memory of the receiving process. In section 3.2 this receiver lim-
itation is discussed more extensively. Here we focus on the intrinsic bottleneck
on the sender side of the TDM switch.

The number of packets dropped by the switch, Ny, during a burst is related to
the number of packets in the burst, Ny. The speed of the incoming interface, f
(fast), the speed of the outgoing interface, s (slow), and the buffer memory
available at the output port of the bottleneck link, M. For simplicity we assume
an average packet length of'size [. The loss can then be expressed as:

- (1)
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Using equation 1, setting Ny = 0, Np = 1500 as that is the maximum burst
which got through, and [ = 1000 Bytes it is possible to compute the available
memory on the TDM switch to be approximately 0.5 MBytes. This was later
confirmed by the manufacturer. Once we know the memory at the bottleneck and
thus the size of the burst in packets that can pass through the TDM switch, we
can calculate the maximum possible bandwidth a TCP flow can achieve during
slow start without packet loss.We assume there are no other bottlenecks in the
end-to-end path and that no congestion events have occurred.
To first order, the throughput TCP can obtain is approximated by:

S M

Bzf—sﬁ

(2)
where B is the throughput that a TCP flow can achieve and R is the round trip
time. Assuming that TCP will try to reach a stable state with a throughput
equal to the speed of the slowest interface, we can then substitute B = s into
equation 2. This leads to a memory requirement to support a high-bandwidth-
delay product TCP flow as:

M=L"%g (3)
f

For the network shown in Figure 1 to support a 622 Mbps end-to-end TCP
flow the minimum memory required should be about 3 MBytes (f = 1 Gbps,
s = 622 Mbps, R — 100 msec). This is far more than is actually implemented.
From preliminary discussions with a few vendors, we understand that Ethernet
to TDM encapsulation devices are primarily designed for high-speed Local Area
Networks (LAN) and Metropolitan Area Networks (MAN), where the RTT is
small (< 20 ms), thus accommodating the bursty nature of TCP flows during the
bandwidth discovery phase. The problem arises when these LAN’s and MAN’s
are interconnected via other high-speed long-latency networks. The buffer re-
quirements for any device which has traffic flows over it that are high-bandwidth
high-latency, and has disproportional interface speeds, should have enough buffer
space to handle the difference in input and output speed of the interfaces for the
RTT of those flows. Equation 3 applies for those situations.

If we solve the quadratic equation 3 for s we can compute the TCP through-
put for various values of RTT and given values of M and f under the assumption
there are no other bottlenecks present and the TCP flow does not encounter a
congestion event during the slow start phase.

i 4AM
3_5(& 1”7}?) (4)

The result is plotted in Figure 2. The black area is a forbidden area for TCP flows
as packet loss may occur. This leads, for example, to an end-to-end throughput
of about 44 Mbps, using the TDM switch and a 100 ms RTT link (Amsterdam to
Chicago). Values we get using this formula matched the throughput (80 Mbps)
obtained in TCP tests using i perf. As real hosts always have some shaping
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Fig. 2. Forbidden (shaded) area shows where packet loss may occur in single stream
TCP flows for a given memory size of 0.5 MByte and an incoming speed of 1 Gbps. Hor-
izontally is the round trip time of the desired destination and vertically the provisioned
“slow” speed at a TDM switch.

capacities it is not unrealistic that the calculated number is smaller than the
experimental obtained values.

3 TCP

TCP is a sender-controlled sliding window protocol [2]. New data up to “window
size” is sent when old data has been acknowledged by the receiver. The sending
host limits the window size through application parameters such as socket buffer
size and ‘“congestion window” Cwnd [1]. TCP adjusts the Cwnd dynamically
using different algorithms depending on which phase the flow is currently in. We
will concentrate here on the slow start phase because of indications that this
phase does not properly develop into the next phase, steady state.

3.1 Bandwidth Discovery Phase (Slow Start)

This is the start up phase of a TCP flow. After the protocol handshake [6] the
sender will try to discover what the available bandwidth is so that it can com-
pute the correct value for Cwnd. This discovery is done by injecting data into
the network until a congestion event occurs. Fast convergence and accuracy of
bandwidth discovery have a large influence on the overall performance of TCP.
The Cwnd size determines how fast a flow can reach a steady state and the
stability of the flow once it has reached that state. The Cwnd effectively doubles
every RTT, as long as no congestion event is generated. Thus a flow should only
be limited by an intrinsic bottleneck (i.e. packet loss). If the limiting bandwidth
between two hosts is the speed of the sending host (i.e. slow NIC, slow CPU)
then the bandwidth discovery phase will always work correctly. However, if the
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Fig. 3. Time sequence graph showing initial phase and congestion event after 10 RTTs.

capacity of the network connection between the two hosts is the limiting factor
(i.e. router/switch buffer) then the bandwidth discovery phase will fail. At a
certain point the doubling of the congestion window will overrun the bottleneck
by a large number of packets causing loss [4]. In Figure 3 using a Time Sequence
Graph (TSG), we show our observation of large packet loss caused by a bot-
tleneck. After 9 RTT’s a burst of 512 packets leaves the PC; at 10 RTT’s this
is doubled to 1024 and this amount overruns the buffer in the switch, causing
retransmissions.

In a later stage of the project the bottleneck was removed: the SONET link
between the TDM switches was upgraded to 1.25 Gbps. This upgrade made it
possible to map a 1 Gbps Ethernet connection completely into the SONET link.
The end to end performance showed some improvement. In fact traces show a
similar behavior as in the bottleneck case but at higher speed during the slow
start phase TCP decides to go into collision avoidance mode even without any
packet loss. The reason for this strange behavior is assumed to be a receiving
workstation dependent behaviour and is the subject of the next paragraph.

3.2 Receiver Limitations

Identically configured machines exhibit the property that the receiver capacity
is less than the sender capacity. This is due to the difference in overhead of
sending a packet versus receiving a packet. If the sender is able to send data
with a speed close to 1 Gbps, the receiver may not be able to keep up. The
receiver becomes overloaded and will start to drop packets, which in turn will
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Fig. 4. Time sequence graph showing instantaneous speed of flow.

cause a TCP congestion event. Figure 4 shows the instantancous speed of a flow
during slow start. Notice that after 9 RTT’s 512 packets leave the host. The
sending host sends this data as IP packets as fast as it can. In this case the
512 packets are sent in about 4 ms, yielding an instantaneous speed close to
1 Gbps, which is line-speed. This burst then overruns the receiver buffer and
causes the flow to fall out of the slow start phase into the congestion avoidance
phase. Therefore, this case is similar to that of a buffer overflow at the TDM
switch as discussed in the previous subsection.

4 Host Parameters

Implementations of the TCP algorithm vary between operating systems. The
implementation governs the behavior of TCP as does the architecture of the PC.
There are several system parameters that can greatly influence host performance.
They are: host bus width, bus speed, number of devices that share the bus, the
efficiency of the Network Interface Card (NIC), interrupt coalescence, [9], etc.
Thus using the same parameters [8] on two different configurations can still
produce varying results, especially during the slow start phase. We refer to values
specific to a configuration of a PC as the host parameters. This also includes the
TCP implementation. If we average performance over longer periods of time
these differences may become less noticeable. From our experience it has been
observed that some seemingly slower hosts, in terms of CPU and bus speed,
are not necessarily the slowest for TCP transfers. This is due to the fact that
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slower hosts pace out the packets better than a faster PC (i.e. shorter bursts),
hence there is less chance for overflowing bottleneck queues in the path or the
receiving host. The TSG in Figure 5 shows a comparison between Mac OS X and
Linux 2.4.19, both are the sender. The data was captured at the receiver side,
Linux 2.4.19, using t cpdunp. It clearly shows that the Mac paces out the packets
better then Linux. Therefore, one solution could be to pace out the packets such
that the average speed will not be higher than that of the bottleneck in the
path, should it be either the network or the receiver. The influence of shaping
the packet stream can be seen in Figure 6. Here we show what the effect is of
introducing a delay between packets sent by UDPmon in the identical experiment
to the one in section 2. The only difference being that the network bottleneck
was removed here: the path was 1 Gbps end to end. This means that only end
system effects remain. What clearly shows up in the graphs is that with an inter
packet delay of 15 usec no more packets are lost and a throughput of 500 Mbps
is obtained.

5 Conclusion

From the results we conclude that the sender should not burst packets, but try
to shape the flowi.e. using a leaky bucket type of algorithm. Though this may be
hard to implement in the OS since it requires that the OS maintain a timer per
TCP flow with upsec resolution, which could incur lots of overhead. Our initial
suggestion is that future OS kernels should delegate the task of pacing the packets
to NICs and allow the NIC to implement this feature at the hardware level. In
the network some measures can be taken to avoid packet loss which destroys
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Fig. 6. UDPmon arrival time results obtained with varying inter packet delay: 0, 12,
15 psec as a function of the packet sequence number. Dropped packets are marked with
zero arrival time.

TCP performance, such as hardware flow control, bursting up to the size of the
memory (super packets), traffic shaping and (Weighted) Random Early Discard
((W)RED) a layer 3 option. It is also clearly shown that the end systems dictate
the overall performance. Their combination of hard and software is crucial.
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Abstract. This paper discusses the concept of grid towards achieving
a complete definition using main grid characteristics and uses found in
literature. Ten definitions extracted from main literature sources have
been studied allowing the extraction of grid characteristics while grid
uses are defined in terms of the different types of application support
provided by grids. A grid definition is proposed using these characteristics
and uses. This definition may be very useful to determine the limits
of the grid concept as well as to explore new application fields in grid
computing. In this sense, the extracted characteristics are employed to
determine the potential benefits a grid infrastructure may provide to
Computer Supported Collaborative Learning applications.

1 Introduction

The origin of the grid concept may be established in the early 90’s when great
efforts were made to deploy several gigabit testbeds such as CASA [19] that
linked super-computing sites across the USA. However, the term grid still did
not exist a that time, and the terms metasystem and metacomputer where used
instead referring to “the computing resources transparently available to the user
via a networked environment” [21].

The successes of these testbeds inspired the 1995 I-WAY experiment [4] which
provided a large-scale testbed (multiple supercomputers, advanced visualization
de-vices and mass storage systems at 17 different places within North America
connected through ATM networks) in order to allow mainly high-performance
applications to be studied in a controlled environment. The -WAY experiment in
turn motivated some very important projects such as the National Technology
Grid, which coined in 1997 the term grid, “a name derived from the notion
of the electrical power grid”, to call the “truly U.S. national-scale advanced
computational infrastructure” they envisioned [22].

It was not until 1998 that grid computing entered the mainstream of research
with both the establishment of the Global Grid Forum (www.gridforum.org) by
early grid developers and practitioners, and the publication of the book [10]
that laid the groundwork of the field and defined the term computational grid as
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Government project VA 117/01.
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“a hardware and software infrastructure that provides dependable, consistent,
pervasive, and inexpensive access to high-end computational capabilities” [6].
But this entrance turned into not only the intensification of the research on the
field but also the conflation of the term grid that does not seem to have a clear
and complete definition, i.e. a definition highlighting all main characteristics and
uses of a grid. Instead, definitions found in literature usually highlight them only
partially (and sometimes poorly).

Having a complete grid definition built using all main characteristics and
uses may be considered important for several reasons. First, it is indispensable
to exactly determine whether a given technology can be considered to be a grid
or not [7]. In this sense, a grid definition can show how grid technologies can
be found in application fields other than supercomputing. In addition, it allows
studying the potential benefits that the use of a grid can report to application
fields still unexplored by grid researchers. For example, the main project sup-
porting this research is devoted to the use of grid infrastructure in Computer
Supported Collaborative Learning (CSCL) applications.

The lack of a complete grid definition has already been detected in litera-
ture [7,11]. Significantly, very recent works [14] challenge the already existing
definitions of grid. However, such a complete definition has not been given yet.

Thus, the aim of this paper is to advance towards a complete grid definition
made up of all main grid characteristics and uses found in grid literature. Hence,
grid characteristics have been extracted from grid definitions provided in main
literature sources while grid uses are defined in terms of the types of application
support supplied by grids according to literature. Also, we perform an initial
step towards the definition of the grid concept within the field of CSCL, in order
to evaluate its suitability, limitations and potential benefits.

This paper is organized as follows. Section 2 examines ten literature defini-
tions in order to find out the main characteristics that a grid is supposed to
have. Section 3 categorizes the different types of support that grids can provide
to applications. Both the list of grid characteristics and uses are employed in
section 4 to build grid definition. Section 5 explores the field of CSCL within
the context of grid, as it was de-fined in the previous sections and based on our
research work in this domain. Conclusions may be found in section 6.

2 Main Grid Characteristics

Ten definitions extracted from main grid literature sources have been examined
to find out the essential characteristics that a grid is supposed to have in order
to be considered as such. As a result, a total number of ten characteristics has
been identified. Both the definitions and the characteristics found in them, either
explicitly or implicitly are shown in Table 1 together with their references. These
characteristics may be described as follows:

— Large scale: a grid must be able to deal with a number of resources ranging
from just a few to millions. This raises the very serious problem of avoiding
potential performance degradation as the grid size increases.
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Geographical distribution: grid’s resources may be located at distant places.
Heterogeneity: a grid hosts both software and hardware resources that can
be very varied ranging from data, files, software components or programs to
sensors, scientific instruments, display devices, personal digital organizers,
computers, super-computers and networks.

Resource sharing: resources in a grid belong to many different organizations
that allow other organizations (i.e. users) to access them. Nonlocal resources
can thus be used by applications, promoting efficiency and reducing costs.
Multiple administrations: each organization may establish different security
and administrative policies under which their owned resources can be ac-
cessed and used. As a result, the already challenging network security prob-
lem is complicated even more with the need of taking into account all differ-
ent policies.

Resource coordination: resources in a grid must be coordinated in order to
provide aggregated computing capabilities.

Transparent access: a grid should be seen as a single virtual computer.
Dependable access: a grid must assure the delivery of services under es-
tablished Quality of Service (QoS) requirements. The need for dependable
service is fundamental since users require assurances that they will receive
predictable, sustained and often high levels of performance.

Consistent access: a grid must be built with standard services, protocols and
inter-faces thus hiding the heterogeneity of the resources while allowing its
scalability. Without such standards, application development and pervasive
use would not be possible.

Pervasive access: the grid must grant access to available resources by adapt-
ing to a dynamic environment in which resource failure is commonplace.
This does not imply that resources are everywhere or universally available
but that the grid must tailor its behavior as to extract the maximum per-
formance from the available re-sources.

Main Grid Uses

Opposite to what is often believed, the grid is not only a computing paradigm for

providing computational resources for grand-challenge applications. Instead, it
is an infrastructure that bonds and unifies globally remote and diverse resources
in order to provide computing support for a wide range of applications. It is

important to notice that grid uses are thus not defined in terms of applications
(as usually found in the literature) but rather of the support the grid provides.

The different types of computing support offered by grids can be categorized

according to the main challenges that they present from the grid architecture
point of view. This categorization is the following:

— Distributed supercomputing support allows applications to use grids to cou-

ple computational resources in order to reduce the completion time of a job
[18] or to tackle problems that cannot be solved on a single system [6]. The
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Table 1. Grid definitions from the literature listed in chronological order, and features
they mention among (1) large scale, (2) geographical distribution, (3) heterogene-
ity, (4) resource sharing, (5) multiple administration, (6) resource coordination, (7)
transparent access, (8), dependable access, (9) consistent access, and (10) pervasive
access. Features marked with * are implicit rather than explicit. The definition that
coined the term grid is highlighted in bold letters.

Definition Features

“The computing resources transparently available to the user via this

networked environment have been called a metacomputer” [21] 7

“A metasystem is a system composed of heterogeneous hosts (both
parallel processors and conventional architectures), possibly con-
trolled by separate organizational entities, and connected by an ir-
regular interconnection network” [16]

3,4°5

“Metasystem is a wide-area environment in which users operate trans-
parently, consisting in workstations, PCs, graphics-rendering engines,
supercomputers and nontraditional computing devices such as televi-
sions” [15]

2,3°,7

“Networked virtual supercomputers, or metacomputers, are execu-
tion environments in which high-speed networks are used to connect
supercomputers, databases, scientific instruments, and advanced dis- 2,3*
play devices, perhaps located at geographically distributed sites” [8]

“The National Computational Science Alliance calls its prototype infras-
tructure the National Technology Grid, a name derived from the notion of
the electrical power grid that transformed the U.S., and indeed the world,
during the past century” [22]

“Computational grids are large-scale high-performance distributed
computing environments that provide dependable, consistent, and 1,8,9,10
pervasive access to high-end computational resources” [9]

“A computational grid is a hardware and software infrastructure that
provides dependable, consistent, pervasive, and inexpensive access to 8,9,10
high-end computational capabilities” [6]

“The real and specific problem that underlies the Grid concept is
coordinated resource sharing and problem solving in dynamic, multi- 4,6,10
institutional virtual organizations” [11]

“A distributed network computing (NC) system is a virtual computer
formed by a networked set of heterogeneous machines that agree to
share their local resources with each other. A Grid is a very large scale,
generalized distributed NC system that can scale to Internet-size en-
vironments with machines distributed across multiple organizations
and administrative domains” [18]

1,2*,34,5,7"

“Grid technologies and infrastructure support the sharing and coor-

dinated use of diverse resources in dynamic, distributed virtual orga-

nizations - that is, the creation, from geographically distributed com- .
ponents operated by distinct organizations with differing policies, of 2,3,4,5,6,7",8,10
virtual computing systems that are sufficiently integrated to deliver

the desired QoS” [12]

“A Grid is a system that coordinates resources that are not subject to
a centralized control using standard, open, general-purpose protocols 5,6,8,9
and interfaces to deliver nontrivial qualities of service” [14]
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main problems raised by applications requiring this support are the need to
co-schedule the use of scarce and highly expensive resources, the scalabil-
ity of protocols and algorithms to a large number of nodes, latency-tolerant
algorithms as well as achieving high levels of performance [6]. Typical ap-
plications that require distributed supercomputing are weather forecasting
and military scenario simulations.

— High-throughput computing support allows applications to use grids to put
unused processor cycles to work in generally loosely coupled or independent
tasks [6]. ‘Parameter sweep’ applications such as Monte Carlo simulations
are well suited for high-throughput computing.

— On-demand computing support allows applications to use grids to retrieve
re-sources that cannot be cost-effectively or conveniently located locally [6].
Challenging issues in order to provide on-demand computing support are
resource lo-cation, scheduling, code management, configuration, fault toler-
ance, security, and payment mechanisms [6]. A financial application allowing
users to perform accurate stock market analysis and price prediction employ-
ing their home desktop computer is a representative example of application
requiring on-demand computing.

— Data-intensive computing support allows applications to use grids to synthe-
size new information from distributed data repositories, digital libraries and
databases [6]. Challenges for the data-intensive computing support include
the scheduling and configuration of complex, high-volume data flows [6].
The creation of a new database using data mined from a number of online
databases would be an example of data-intensive computing application.

— Collaborative computing support allows applications to use the grid to en-
able and enhance human-to-human interactions [6] in a synchronous or asyn-
chronous way [11] via a virtual space. The real-time requirements imposed
by human perceptual capabilities as well as the wide range of many different
interactions that can take place are one of the most challenging issues of col-
laborative computing support [6]. Typical examples of applications that may
use a collaborative computing infrastructure provided by grids are groupware
applications and multiconferencing applications.

— Multimedia computing support allows applications to use grids to deliver
contents assuring end-to-end QoS [18]. Main challenges for the multimedia
computing sup-port derive from the need to provide QoS across multiple
different machines. Videoconference applications is a typical example of ap-
plication requiring multimedia computing support.

4 A Grid Definition

According to the list of grid characteristics extracted from literature and to
the different categories of support provided by grids that have been identified
in this paper, a grid can be defined as a large-scale geographically distributed
hardware and software infra-structure composed of heterogeneous networked re-
sources owned and shared by multiple administrative organizations which are
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coordinated to provide transparent, dependable, pervasive and consistent com-
puting support to a wide range of applications. These applications can perform
either distributed computing, high throughput computing, on-demand computing,
data-intensive computing, collaborative computing or multimedia computing.

5 CSCL as an Application Field within the Grid Context

The definition just presented can help to determine the suitability, limitations
and potential benefits of the grid within a certain domain. One relevant field
is Computer Supported Collaborative Learning (CSCL). CSCL is a discipline
devoted to research in educational technologies that focus on the use of infor-
mation and communications technology (ICT) as a mediational tool within col-
laborative methods (e.g. peer learning and tutoring, reciprocal teaching, project
or problem-based learning, simulations, games) of learning [5,23]. Therefore, it
seems appropriate to explore and apply grid technology, as defined above, to this
multidisciplinary and complex field. Though CSCL is closely related to group-
ware or CSCW (Computer Supported Collaborative Work), there are substantial
differences in the context and objectives of each field. Thus, works published in
CSCW literature, such as [1], focus much more on the technological support
instead of a deep analysis of the domain.

CSCL applications are inherently distributed, since students have to collab-
orate through networked computers, though we may distinguish cases in which
students are collocated (and collaboration also happens face to face) and those in
which collaboration is strictly carried through the computer [3]. Besides, CSCL
applications may involve synchronous or asynchronous interactions, or a mix-
ture of them [5]. In addition, Component Based Software Engineering (CBSE)
offers a flexible paradigm for distributed applications development that is being
exploited for CSCL [2]. For applications with these characteristics, the compu-
tational grid can offer a suitable infra-structure that facilitates their deployment
and enhances their performance. Particularly, the analysis of grid pints out sev-
eral benefits for the use of grid technologies to deploy CSCL applications.

The large scale of the grid may allow the of a high number of single/group
participants collaborating within the CSCL application. Though in purely syn-
chronous collaboration the number of participants is usually low, in applications
involving only asynchronous interactions, or a mixture, a large number of par-
ticipants may be involved. For example, applications allowing children from dif-
ferent schools to collaborate asynchronously in order to publish and consult an
electronic magazine using CSCL tools may involve a large number of users at
different locations in a wide area. Moreover, the wide geographical distribution
of grid resources should enhance the participation of users from very distant
places. Again, many CSCL applications have their users co-located, but others
such as distance universities tools may have users spread along one country or
even a larger area. Besides, the heterogeneous nature of grid shared resources
may allow users to participate employing heterogeneous devices such as com-
puters, PDAs or electronic black-boards, as well as data or software resources



Grid Characteristics and Uses: A Grid Definition 297

such as simulators or other domain packages. This allows the use of locally un-
available computational resources for processing data (such as in Punch [17]),
for visualization (like in CoViS [20]) or for content delivery (a secondary but
necessary service in CSCL). Therefore, an efficient use of grid resources may
benefit such needs of the CSCL domain. Concerning performance, dependable
access provided by the grid infrastructure that offers either guaranteed or best
effort service can improve application performance over ad hoc deployment de-
cisions, which becomes specially important when the application is run over a
wide area network, such as an synchronous brainstorming. Finally, one grid fea-
ture that will appeal CSCL application developers is transparent access, since it
eases some serious problems such as automatic application deployment and con-
figuration, that can be passed onto the grid scheduler and per-formed with some
optimality criteria. This is especially valid either for component or web services
based implementations of CSCL applications, towards which the grid seems to
be shifting, as promoted by the Open Grid Services Architecture (OGSA) [13].

In summary, the complex, dynamic and contextualized nature of the CSCL
field is especially motivating with respect to the use of grid. CSCL applications
call for some infrastructure that allows the use of heterogeneous distributed
resources in a scalable manner, and that facilitates the deployment in order
to improve performance. The computational grid, as defined above, offers this
support and can then be used satisfactorily for the CSCL domain. However,
further study is necessary in order to precisely determine how CSCL applications
can benefit from the grid, especially by providing a clear correspondence between
components (or web services) present in a formal architectural framework and
the corresponding grid services, eventually within the OGSA.

6 Conclusions and Future Work

Grids are mainstream technology that do not have a clear and complete defi-
nition in the literature. Establishing a complete grid definition is considered an
important goal in order to allow determining the limits of the grid research field
as well as exploring new fields of application in grid computing.

To tackle this problem, ten definitions extracted from main literature sources
have been studied allowing the extraction of the ten main characteristics of
grids. In addition, grid uses have been defined in terms of the different types
of application support provided by grids according to the literature. Both grid
characteristics and uses have been used to build a grid definition.

The establishment of a grid definition in this paper is not an isolated effort.
On the contrary, this definition is currently being used within the framework
of the main project supporting this work in order to explore the possibility
of using CSCL applications within grid computational environments. In this
sense, the analysis of the characteristics extracted in section 3 shows that the
support provided by grid technologies may offer a number of benefits to CSCL
applications, although a formal study is still necessary together with an analysis
of experimental data within real systems.
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Abstract. This document summarizes the various Grid research projects
currently funded by the European Union. The authors present brief
description of each project, along with their chronological breakdown,
geographical distribution, the middleware being used and project foci:
from middleware- and infrastructure-oriented undertakings to applica-
tions, which build on existing Grid infrastructures.
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1 Introduction

Grid research is currently on an upswing in Europe and elsewhere. In response to
this new trend in information sciences, the European Union has taken an active
role in encouraging and sponsoring European Grid-related activities, mostly un-
der the auspices of the Information Society Technologies Programme (IST). This
document is an attempt at summarizing numerous European Grid undertakings,
their plans for the future and their present state.

This review was initially developed for internal usage within the CrossGrid
project, but with time it became clear that its usage could spread beyond the
CrossGrid team and to the Grid community as a whole, as well as the general
public. Therefore, this document contains general information alongside techni-
cal issues. References are provided where applicable.

2 Research Focus

This document summarizes a total of 19 EU Grid projects, organized in three
waves:

— First wave, for projects starting in late 2000 / early 2001: three projects,
funded on the order of 15M.

— Second wave, for projects starting in late 2001 / early 2002: six projects,
funded on the order of 20M.

— Third wave, for projects starting in late 2002: nine projects, funded on the
order of 14M.

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 299-308, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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All these projects are part of the European Union’s 5th Framework Pro-
gramme, and most of them fall under the Information Society Technologies pro-
gramme, which constitutes a part of the 5th FP and encompasses research initia-
tives related to the development of the “Information Society” concept currently
advanced by the EU. As the 6th Framework Programme nears its commencement
date, more Grid projects can be expected to appear.

Figure 1 provides a graphical overview of the three waves.

The three waves of EU Grid research

First wave: 2000 Second wave: 2001 || Third wave: 2002
Projects: 3 Projects: 6 Projects: 9
Budget: €15M Budget: €20M Budget: €14M
EuroGrid GridLab FlowGricl
DAMIEN CrossGrid OpenMolGrid
DataGrid EGSQO GRACE
GRIA COG
DataTAG MOSES
GRIP BioGriz
GEMSS
Selahla
MarmmoGrid

Fig. 1. The three waves of EU Grid research.

2.1 First Research Wave

This wave includes three projects, namely: EuroGrid, DataGrid and Damien.
These early undertakings are mostly middleware- and infrastructure-oriented.
While each of them supports several applications, their most important achieve-
ments are in defining common standards, testing and developing middleware,
exploring the issues of Grid deployment in a geographically-distributed environ-
ment, setting up international testbeds, encouraging international cooperation
and generating publicity for computing Grids in general. The most notable differ-
ence between all three projects is that DataGrid bases on the Globus middleware
developed at the Argonne National Laboratory in the U.S., EuroGrid makes use
of the European Unicore package and Damien develops its own proprietary mid-
dleware.
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2.2 Second Research Wave

This wave includes six major projects, namely: GridLab, CrossGrid, EGSO,
GRIA, DataTAG, GRIP. Most of these build on the earlier achievements of first
wave projects (most notably DataGrid) and try to extend their functionality to
cover new areas of interest (such as interactive applications or heterogenous Grid
environments). The GRIP project delves in introducing compatibility between
Globus and Unicore packages, while DataTAG extends the outreach of DataGrid
by creating a transatlantic testbed linking DataGrid test sites with those of their
American partners (iDVGL and GriPhyN).

2.3 Third Research Wave

The third research wave, starting in late 2002 encompasses nine projects: Flow-
Grid, OpenMolGrid, GRACE, COG, MOSES, BioGrid, GEMSS, SeLeNe and
MammoGrid. Most of these are dedicated to specific application areas and do
not concern themselves much with middleware issues, as they generally inherit
ready-to-use solutions from earlier projects. As these projects have just recently
taken off and are still in a conceptual phase, little in the way of concrete results
is available so far.

2.4 The GridStart Initiative

The Gridstart initiative is a special-case scenario in that it is not a research
project, but instead a joint undertaking aimed at fostering international cooper-
ation and exchange of ideas. Gridstart brings together representatives of various
EU-funded Grid undertaking, aids in dissemination of project results, encour-
ages interaction amongst similar activities both in Europe and the rest of the
world and stimulates the early take-up by industry and research of Grid-enabled
applications.

The GridStart initiative unites 10 separate research projects including all
those belonging to the first two waves listed above.

3 Individual Project Descriptions

This section contains brief descriptions of each individual Grid-related under-
taking funded by the EU as of December 2002. The projects are listed in an
alphabetical order.

3.1 AVO

The Astrophysical Virtual Observatory (AVO) Project is a Phase-A, three year
study for the design and implementation of a virtual observatory for European
astronomy. A virtual observatory is a collection of interoperating data archives
and software tools which utilize the internet to form a scientific research environ-
ment in which astronomical research programs can be conducted. In much the
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same way as a real observatory consists of telescopes, each with a collection of
unique astronomical instruments, the VO consists of a collection of data centres
each with unique collections of astronomical data, software systems and process-
ing capabilities. The need for the development of a Virtual Observatory is driven
by two key factors. Firstly, there is an explosion in the size of astronomical data
sets delivered by new large facilities like the ESO VLT, the VLT Survey Tele-
scope (VST), and VISTA. The processing and storage capabilities necessary for
astronomers to analyse and explore these data sets will greatly exceed the ca-
pabilities of the types of desktop systems astronomers currently have available
to them. Secondly, there is a great scientific gold mine going unexplored and
underexploited because large data sets in astronomy are unconnected. If large
surveys and catalogues could be joined into a uniform and interoperating “digital
universe”, entire new areas of astronomical research would become feasible.

3.2 BioGrid

The purpose of the BioGrid project is to conduct a trial for the introduction of
a Grid approach in the biotechnology industry. This trial consists of two ma-
jor steps: the integration of three existing technologies and the production of a
working prototype. The existing technologies to be integrated are: (i) PSIMAP
agent technology (ii) classification server: Automatic model classification (iii)
space explorer: knowledge visualization technology. BioGrid will change the per-
spective of biologists from a partial view of biological data towards a holistic
view of documented data seamlessly integrated with expression and interaction
data. This constitutes the basis of a next generation research infrastructure for
large proteomics and genomics databases.

33 COG

The Corporate Ontology Grid project will utilize the power of Grid technology
to solve real data integration problems in a large enterprise. The consortium will
use ontological software to unify the information that currently lies in multiple
data formats on the corporate Grid. This unification will be achieved by creating
a central modeling environment that is mapped to the data source Grid and
provides common meaning to the disparate formats.

3.4 CrossGrid

The CrossGrid initiative aims to address issues, which relate to applications
requiring the presence of a person in a computing loop. These types of applica-
tions have not heretofore been considered for deployment in a Grid environment,
and hence require the creation and integration of new software components into
existing Grid software suites (such as Globus).
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3.5 DAMIEN

DAMIEN is a project that started out in early 2001 to continue the successful
work of the European pilot project for GRID-Computing METODIS. METODIS
had successfully shown the feasibility of the GRID-approach in industry. The
objective of DAMIEN is to develop further building blocks for a middleware
environment for distributed industrial simulation and visualization in the GRID.

3.6 DataGrid

DataGrid is a project funded by the European Union that aims at enabling access
to geographically distributed computing power and storage facilities belonging to
different institutions. This will provide the necessary resources to process huge
amounts of data coming from experiments in three different disciplines: High
Energy Physics, Biology and Earth Observation.

Next generation scientific exploration requires computing power and stor-
age that no single institution alone is able to afford. Besides, easy access to
distributed data is required to improve results sharing. The proposed solution
is that different institutions working in the same scientific field put their com-
puting, storage and data resources together in order to achieve the required
performance levels.

3.7 DataTAG

The DataTAG project will create a large-scale intercontinental Grid testbed that
will focus upon advanced networking issues and interoperability between these
intercontinental Grid domains, hence extending the capabilities of each and en-
hancing the worldwide program of Grid development. The project will address
the issues which arise in the sector of high performance inter-Grid networking,
including sustained and reliable high performance data replication, end-to-end
advanced network services, and novel monitoring techniques. The project will
also directly address the issues which arise in the sector of interoperability be-
tween the Grid middleware layers such as information and security services. The
advance made will be disseminated into each of the associated Grid projects.

The fundamental objective of the DataTAG project is to create a large-scale
intercontinental Grid testbed involving the European DataTAG project, several
national projects in Europe, and related Grid projects in the USA. The project
will explore some forefront research topics like the design and implementation
of advanced network services for guaranteed traffic delivery, transport proto-
col optimization, efficiency and reliability of network resource utilization, user-
perceived application performance, middleware interoperability in multi domain
scenarios, etc.

3.8 EGSO

EGSO, the European Grid of Solar Observations, is a Grid testbed that will lay
the foundations of a virtual solar observatory. The EGSO project addresses the
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problem of combining heterogeneous data from scattered archives of space- and
ground-based observations into a single “virtual” dataset. The heterogeneous
nature of the solar data will be mitigated using a set of Unified Observing Cata-
logues, and new Solar Feature Catalogues and Solar Event Catalogues will allow
the user to search for observations on the basis of events and phenomena, rather
than just time and location. EGSO will provide a friendly User Interface that
can be used to select, process and retrieve data from the archives that are part of
the project. Follow this link for a summary of some of the objectives of EGSO.

EGSO will be of great benefit to the solar community, but it will also act as
the interface to solar data for the Space Weather, Climate Physics and Astro-
physics communities. In addition, since many of the problems that the EGSO
applications address exist in other fields, the technology developed for the project
could be used on other Grid projects. As with other EC funded projects, EGSO
supports the Open Source policy.

3.9 EuroGrid

The EuroGrid project is a Research and Technology Development project funded
as part of the IST Program by the European Commission with a project term
from November 1, 2000 through October 31, 2003. EuroGrid demonstrates the
use of Grids in important scientific and industrial communities, addresses the
specific requirements of these communities in a European Grid middleware, and
highlights the benefits of using trans-European Grids.

The objectives of the EUROGRID project are:

— to establish a trans-European Grid of leading High Performance Computing
centers.

— to operate and support the EuroGrid software infrastructure.

— to develop important GRID software components and integrate them into
EuroGrid (dynamic resource broker, accounting and billing, interface for
coupled applications and interactive access).

- to demonstrate distributed simulation code from significant application areas
(biomolecular simulations, meteorology, coupled CAE simulations).

— to make the EuroGrid middleware available to other Grid projects.

3.10 FlowGrid

The objective of the FlowGrid project is to establish a Virtual Organization for
conducting on-demand flow simulations (CFD) by setting up a Grid infrastruc-
ture and by developing, deploying and sharing software, computing resources
and knowledge. The specific measurable objectives of the FlowGrid project are:

— to establish a network of Grid-enabled CFD centers from different European

countries
— to develop and implement novel client software for accessing CFD solutions

on the grid
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~ to develop scalable and generic middleware to support the deployment of
CFD solvers on the Grid

— to assess the performance of the parallel version of the CFD solvers, by
running real industrial applications on parallel distributed computers

3.11 GEMSS

The central objective of the GEMSS project is to demonstrate that the Grid can
be used to provide medical practitioners and researchers with access to advanced
simulation and image processing services for improved pre-operative planning
and near real-time surgical support for specific time-critical applications. The
GEMSS will build on existing Grid technologies, maintaining compliance with
standards thereby ensuring future extensibility and interoperability, to provide
support for sophisticated authorization, workflow, security, error detection and
recovery.

3.12 GRACE

Today’s search engines are extremely centralized. In order to index a document
it must be downloaded, processed and its index stored - all in one central loca-
tion. However the centralized approach may not always be applicable. GRACE
specifically addresses the situations where centralized indexes are unfeasible and
proposes the development of a decentralized search and categorization engine
built on-top of Grid-technology.

The idea is to develop a distributed search and categorization engine that
will enable just-in-time, flexible allocation of data and computational resources.
GRACE aims at making petabytes of information, distributed on vast amounts of
geographically distant locations, highly accessible. GRACE handles unstructured
textual information, (text files, documents, Web pages, text stored in databases),
typically handled by meta search engines.

3.13 GRIA

The GRIA project will take Grid technology into the real world, enabling in-
dustrial users to trade computational resources on a commercial basis to meet
their needs more cost effectively. The GRIA consortium is developing business
models, processes and semantics to allow resource owners and users to discover
each other and negotiate terms for access to high-value resources. GRIA will im-
plement an overall business process to find, procure and utilize resources capable
of carrying out these high-value, expert-assisted computations. The project will
focus on two application sectors: structural and hydrological engineering, and
digital TV and Movie post-production. These have very different technological
requirements, but share a need for large amounts of computational power to
meet peak loads. By focusing on business processes and the associated seman-
tics, GRIA will enable users to provision for their computational needs more
cost effectively, and develop new business models for some of their services.
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3.14 GridLab

The GridLab project will develop a easy-to-use, flexible, generic and modular
Grid Application Toolkit (GAT), enabling todays applications to make innova-
tive use of global computing resources. The project is grounded by two principles:
simultaneous development of infrastructure, applications and user communities,
leading to working scenarios, and dynamic use of grids, with self-aware simula-
tions adapting to their changing environment.

3.15 GRIP

The GRIP project aims to make two major Grid systems, UNICORE and Globus
interoperate and as part of this to establish standards in the Global Grid Forum
that take account of middleware technology developed in Europe, e.g. UNI-
CORE. GRIP is working on unifying the two packages through developing a
special layer of middleware, separating both Globus and Unicore from higher
layers of Grid services and applications.

3.16 MammoGrid

The MammoGrid project aims to develop and utilize a European distributed
database of mammograms to investigate effective methods of co-working between
European healthcare professionals in the field of breast cancer screening. It will
develop Grid-based methods for sharing and managing mammographic images
and related data between countries.

3.17 OpenMolGrid

The main objective of the OpenMolGRID project is to provide a unified and ex-
tensible information-rich environment for solving molecular design/engineering
tasks relevant to chemistry, pharmacy and life sciences. This will be achieved by
extending the currently used local approach to the global dimension by building
the OpenMolGRID environment on top of the Grid infrastructure provided by
the EuroGrid project. The system will provide seamless integration of existing,
widely accepted, relevant computing tools and data sources. The OpenMolGRID
system will comprise a set of application-oriented tools that are built on core
Grid services and functions provided by the EuroGrid infrastructure. The sys-
tem will target both academic and commercial end-users (especially chemical
and pharmaceutical industry).

3.18 SeLeNe

SeLeNe is a one-year research project funded by the EU outside of the IST pri-
ority. The project is conducting a study into the technical feasibility of using
Semantic Web technology for dynamically integrating metadata from hetero-
geneous and autonomous educational resources, and for creating personalized
views over this Knowledge Grid.
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Fig. 2. Grid project focus.

4 Application Areas and Trends

The projects mentioned in the previous section cover a wide range of interests
and research areas - from purely scientific problems to societally important chal-
lenges, such as weather forecasting and flood prediction. Over time several key
trends can be discerned:

~ Grid research in general is moving from middleware- and testbed-oriented
issues to purely applicational areas. The initial “trailblazing” projects, such
as EuroGrid or DataGrid focus heavily on developing common standards and
testing various middle-ware packages/components, while the latter undertak-
ings try to build on what is already available and extend Grid functionality
to deal with new problems and challenges (see Fig. 2).

— We are also witnessing a shift from computationally-intensive applications,
such as high energy physics analyses and weather forecasting to knowledge
discovery and categorization.

— As far as middleware is concerned, the Globus Toolkit is emerging as a
common standard for Grid development and deployment. Most current Grid
research projects use version 2.x of the toolkit, but since the Grid Services
(OGSA) compatible version 3.0 was released, projects have started shifting
to that version. The European alternative to Globus - the Unicore suite - is
used as well, but does not appear to be gaining popularity.

— When observing some of the newer projects, one can discern a shift from all-
encompassing long-term research initiatives (such as Eurogrid, DataGrid,
CrossGrid or GRIP) to smaller, focused projects. These projects typically
take less time to complete and require fewer resources.
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— Industry representatives are starting to actively participate in Grid research.
This is especially true of newer projects, which have attracted substantial
industrial and commercial involvement (i.e. COG, GEMSS or FlowGrid).
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Abstract. This paper describes the current status of the CrossGrid
Project architecture. The architecture is divided into six layers. The re-
lations between main components are presented in UML notation. A
flexible concept of plugins that enable creation of uniform user-friendly
interface is shown. A brief discussion of OGSA technology and its pos-
sible application to CrossGrid services is given as an interesting area of
future work.
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1 Introduction

The CrossGrid Project development is driven by applications which are char-
acterized by interaction with a person in a processing loop [5,2]: simulation
and visualization for surgical procedures, a flooding crisis team decision support
system, distributed data analysis in high-energy physics, air pollution modeling
combined with weather forecasting. Each application requires a response from
the Grid to an action by that person in different time scales: from real time
through intermediate delays to long waiting periods. These applications are si-
multaneously compute- and data-intensive.

The medical application requires an environment enabling simulation, visu-
alization and interaction which will allow a medical doctor to change simulation
parameters through a graphical interface in near-real time. For the flood predic-
tion and protection application an interactive Grid system should allow experts
to steer a cascade of meteorological, hydrological and hydraulic simulations. Data
analysis in high-energy physics needs on-line access to large distributed databases
and data mining services. Air pollution and weather modeling requires on-line
progress monitoring of simulation results in order to decide about further job
execution. A new programming environment is necessary to support application
development and on-line monitoring and performance analysis [5].

* This work was partly funded by the European Commission, project IST-2001-32243,
CrossGrid [6]

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 309-316, 2004.
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The first objective of this paper is to present the current status of the software
architecture, and the second one is the analysis of CrossGrid services in order
to find a way of integrating them into the OGSA model.

2 Definition of the CrossGrid Architecture

This paper presents the second version of the
architecture of the CrossGrid Project, i.e. the
general overview of software components and |

their relationships. The components are ap-

plications, tools that support application de- l

velopment and new Grid services that are be- ’ Applications Development

Applications

Supporting Tools

ing elaborated within the Project. Dependen- Support
cies on external components, such as Data-
Grid [7] and Globus software [10] are pre-
sented as well.

In the first description of the CrossGrid
architecture [4] we followed the layer struc-
ture proposed in [8]. We distinguished six lay-
ers that are shown in Fig. 1. Below the appli- Fig. 1. Architecture layers.
cations and tools we placed applications de-
velopment support layer, consisting of programming libraries and environments.
The grid services were divided into generic and application specific, whereas the
lowest layer constitutes the fabric of Grid-enabled resources.

Current approach results from the first software requirements, design doc-
uments and use cases of applications, services and tools [6] and it is presented
using UML component diagrams (see Fig. 2). It is oriented toward dependencies
between the software components.

Application Specific Services

Generic Services

Fabric

2.1 Services

The CrossGrid software is built upon the existing Globus and EDG [7] software.
The Resource Broker from the DataGrid is extended by adding the functionality
of handling MPI parallel jobs. The Data Access package of CrossGrid allows
estimation of data access time to files located on various forms of storage - from
tapes to disks and databases. This functionality is used by the EDG Replica
Manager for finding best replicas of datasets located on the grid.

To enable user-friendly access to the CrossGrid services, the specialized en-
vironment is prepared. It consists of the Roaming Access Server that enables
uniform access from all different places. The graphical Migrating Desktop can
be invoked in a Java-enabled browser and it gives the user the same personalized
environment. The applications producing visual output can be incorporated into
the desktop by the flexible mechanism of plugins 3.

In CrossGrid, there is a lot of effort put in development of various monitoring
services. They are divided into application and infrastructure monitoring and are
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¥
Infrastructure Scheduling Agent =
Monitoring b —

Fig. 2. Overview of the architecture.

accompanied by the post-processing mechanisms. The application monitoring
system OCM-G [1] gives the output to the on-line performance measurement
tool [3]. The Jiro-based infrastructure monitoring system can be used to gather
information about clusters and network devices, like routers and switches and
can produce performance alerts. Also the possibility of tracking network traffic
on the level of IP packets is provided by the SANTA-G monitoring tool.

2.2 Tools

The important amount of work in CrossGrid is devoted to design and implemen-
tation of the tools that are intended to facilitate development of grid applica-
tions. These tools include MPI code verification, performance analysis and grid
benchmarks.

In Fig. 2 there is a dependency between applications and tools. Current appli-
cation kernels are used for development and testing of the tools, and eventually
the tools will be used to facilitate the application development process. Bench-
marks and performance analysis tool have also their place in CrossGrid portal
and can be used within the same user interface as the applications.

The performance analysis tool is not directly connected to the application
process, but uses the OCM-G monitoring system. OCM-G and the tool commu-
nicate using OMIS interface [1]. The possibility to measure the performance of
one of the High Energy Physics application that is using MPI, was shown. As
the tools become more stable, more applications can benefit from using the tools
for the development.
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Fig. 3. The concept of plugins.

This definition of the CrossGrid architecture is driving the implementation
of the prototypes.

3 CrossGrid Services and OGSA

The second objective of the paper is the analysis of the CrossGrid services and,
as a result, a proposal of the way they could be integrated into the OGSA service
model. It is inspired and based on the schedule of the development of Globus
3.0 and OGSA technology [9].

OGSA which was recently proposed and is actively being developed by the
Globus Project, is intended to be a basic technology for building Grid systems.
Through Web services, actual interoperability and implementation independence
may be achieved. The basic service semantics included in the Open Grid Services
Infrastructure (OGSI) are used as building blocks of Globus Toolkit 3.0 (GT3).
The Global Grid Forum OGSA Working Group is discussing the higher level set
of services that are used in Grids and that can be integrated into the OGSA
framework [10].

The objective of OGSA activity is to make it the standard for all Grid
services. Every service that wants to be a part of the Grid should be OGSI-
compliant. It will give the standard way for discovery, inspection and interop-
erability with service. It is not required that all external communication with
a service has to be done by means of XML/SOAP. The service may use any
other communication protocols when e.g. high performance is necessary. It may
however use OGSA mechanisms only for advertising itself to enable discovery by
other services or use Service Data model to expose and publish some information
for external consumers.

In our opinion, those Grid services that are being developed in CrossGrid
may also be designed and implemented as OGSA-compliant giving significant
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contribution to the Grid community. In the following subsections we give the
short overview of CrossGrid new services and the discussion of the possible
application of OGSA mechanisms in their development.

3.1 Portals and Roaming Access

These services in CrossGrid are giving user the simple and transparent access to
grid services, independently from user location. The central point is the Roaming
Access Server (RAS), which acts as an interface between users desktop and the
underlying Grid middleware from CrossGrid, DataGrid and Globus services. It
also stores information about user profile, settings and current session. In addi-
tion to standard grid services, like batch job submission, data transfer, etc. the
user has also access to control application-specific input with validation of pa-
rameters and output. Handling of these specific interaction is done by extensible
concept of plugins that are provided by application developers. We believe that
this approach may be general enough to make it useful not only to CrossGrid
applications. With the help of OGSA the standard interfaces to user profile and
session data can be defined.

3.2 Job Scheduling

The task of scheduling user jobs and submitting them to grid resources in Cross-
Grid is done by the services called the Scheduling Agents. In current design their
role is to accept requests in the form of Job Description Language (JDL) and
based on their optimization strategies that use the information from monitoring
systems they decide where to submit the job. For actual job submission and
management, the DataGrid software is used. Taking into account the possible
usage of this service by others, it would be valuable to have Grid Service inter-
faces to this scheduling service. This however requires collaboration with other
grid projects that are also working on scheduling problem.

3.3 Grid Monitoring

There are three kinds of monitoring systems in CrossGrid: one for application
monitoring [1] and the two for infrastructure that are based on Jiro and the
specific hardware. As there is the need for exporting this monitoring data to
some external consumers, like schedulers and archivers, it would be helpful to
have some standard way of accessing and storing this monitoring information. It
is agreed to have Web Service interfaces for infrastructure monitoring systems.
As OGSA introduces a new, XML based model of Service Data that is used
for information propagation and discovery, it seems natural that all monitoring
systems can expose a OGSI-compliant interface to publish the information they
provide.
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3.4 Data Access

Data Access package in CrossGrid provides middleware for accessing large data
residing on tape libraries. It uses techniques to optimize access time and is going
to be integrated within the DataGrid framework for Replica Management and
optimization. The middleware is designed to use Web Services technology for
communicating between its components. As it is designed to be interoperable
with other software, it would be possible to integrate it with the Replica Location
Framework [12], that is a part of higher level services delivered with GT3.

3.5 User Interaction Services

User Interaction Services comprise a set of Grid Services which allow the setup
and interactive steering of complex Grid applications consisting of modules for
simulation and visualization. The services focus on discovery of HLA [11] Run-
time Infrastructure (RTI) processes that coordinate distributed application com-
ponents and on efficient Grid-based data transfer protocols as an alternative for
current RTI communication. As a proof-of-concept example, they use the Cross-
Grid biomedical simulation application, which requires near real time steering
of simulation parameters during runtime of the simulation running on the Grid.
User Interaction Services take advantage of service discovery mechanisms that
are present in OGSA and in their future development will be integrated into
OGSA model.

3.6 Proposed Steps toward OGSA

The first step toward OGSA can be the usage of the Web services technol-
ogy to expose external interfaces of individual services. This can be applied to
Roaming Access, Scheduling and Data Access services in CrossGrid. This step
is independent of the changes in the evolving Grid Service framework and may
be considered even for the first prototype.

The second step may consist of using specific extensions to web services
that are present in the OGSA model. These are mechanisms for dynamic ser-
vice creation, lifetime management, introspection and information (service data)
management based on XML. Dynamic service creation and lifetime management
mechanisms can be used when it is required to control the state of some pro-
cess, e.g. user session in a portal, data transfer or a running simulation. The
service data model can be applied to monitoring systems that can be used as
information providers to other services.

Finally, after the implementation of CrossGrid services with compliance to
OGSA standards, there is a possibility of integration of them into the broader
framework of high level services, that are based on Globus Toolkit. It can be a
contribution to the the effort of Global Grid Forum to standardize the higher
level services based on OGSA architecture.

During the second year of the project it was decided to continue development
basing on GT2.X in order to preserve the compatibility with EDG software.
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However, the development of the services is proceeding in such a way that the
software will be OGSA-ready. It means that the effort required to adapt existing
components to OGSA will be minimized.

4 Summary

The definition of the CrossGrid architecture presented here, along with its com-
ponents, their functionality and relations between them as well as with compo-
nents from Globus and DataGrid projects is verified by the successive prototypes.
The software was integrated during two successful project meetings in Santiago
and Poznan. It is compatible with the releases of EDG [7] software and is run-
ning on the same testbed. The code is available publicly from the project CVS
repository and the developers portal [13].
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Abstract. This paper presents early results of the work on the report
containing an analysis of EU funded grid projects. The goals of this
research, undertaken with the support of the GRIDSTART project, in-
clude study of various solutions, discovery of overlapping efforts, stimu-
lating the reuse of grid components developed within the scope of Euro-
pean projects and identification of open issues in particular areas of grid
development. The paper focuses mainly on ten initiatives clustered by
GRIDSTART. We present here a brief survey of grid projects, a taxon-
omy used to categorise projects’ efforts, an analysis of applications, and
a summary of research and development performed within the scope of
particular projects.

1 Introduction

Grid technology is being developed within the framework of many research and
development projects. These efforts, undertaken in Europe as well as in the US
and Asia-Pacific region, are to provide various communities of users with grid-
aware and efficient applications, to prepare the needed grid infrastructure and to
develop middleware enabling application developers, scientists and researchers
to fully exploit the functionality of grids. Particular projects focus on various
aspects of grids, however, they often have many common aspects and interests
as well. As the directions proposed by the European Commission in the 6th
Framework Programme include stronger coordination of European research ac-
tivities and their targeting, the need for consolidation of technical approaches of
grid projects in Europe has arisen. In order to achieve this goal, ten EU funded
projects have been clustered in the framework of the GRIDSTART project [1].

2 Grid Projects

Basically, the aforementioned report focuses on European grid projects clustered
in the framework of GRIDSTART activity. However, recent projects funded by
the European Commision through the Framework Programme (FP5) are taken
into consideration as well in order to show how they evolve when compared to
previous projects. Generally there are more than 20 projects in Europe. The fol-
lowing of them have been taken under the umbrella of the GRIDSTART project:

F. Fernandez Rivera et al. (Eds.): Across Grids 2003, LNCS 2970, pp. 317-325, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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AVO (Astrophysical Virtual Observatory) [2].The main goal of the
AVO is to provide a collection of diverse data archives and software tools to
establish a Virtual Observatory.

CrossGrid (Large-Scale Grid-Enabled Simulations) [3]. CrossGrid
develops grid services and programming tools for interactive simulation and
visualization applications in areas such as medicine, physics and earth sci-
ences.

DAMIEN (Distributed Applications and Middleware for Indus-
trial Use of European Networks) [4]. The goal of the DAMIEN project
is to develop essential software supporting the grid infrastructure especially
providing a solid MPI-based metacomputing layer and tools for performance
analysis and optimization. These results are applied in the CAE industrial
application.

DataGrid (Next Generation Scientific Exploration) [5]. DataGrid
aims to enable access to geographically distributed computing power and
storage facilities belonging to different institutions. This will provide the
necessary resources to process huge amounts of data coming from scientific
experiments in three different disciplines: High Energy Physics, Biology and
Earth Observation.

DataTAG (Research & Technological Development for a TransAt-
lantic Grid) [6]. DataTAG aims to construct a transatlantic grid testbed
providing interoperability between European and US projects.

EGSO (European Grid of Solar Observations) [7]. The main objective
of EGSO is to lay the foundations of a virtual solar observatory combining
heterogeneous data from scattered archives of space- and ground-based ob-
servations into a single “virtual” dataset.

EUROGRID (European Testbed for Grid Applications) [8]. EURO-
GRID develops core grid software components, which will be tested using
biology, meteorology, and industrial applications.

GRIA (Grid Resources for Industrial Applications) [9]. GRIA de-
vises business models and processes that make it feasible and cost-effective
to offer and use computational services securely in an open grid marketplace.
GridLab (Grid Application Toolkit and Testbed) [10]. The aim of
GridLab is to enable software to fully exploit dynamic resources through
the development of a Grid Application Toolkit and a set of necessary grid
services, and testing them on the real testbed using application frameworks.
GRIP (GRid Interoperability Project) [11]. GRIP realizes the inter-
operability of Globus and UNICORE, two leading software packages central
to the operation of the grid.

The remaining EU funded grid initiatives (being informal partners of GRID-

START) are the following:

BioGrid (Bio-technology Information & Knowledge Grid),
COG (Corporate Ontology Grid),
FLOWGRID (Flow-Simulations on-demand using Grid-computing),
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— GEMSS (Grid-enabled Medical Simulation Services),

— GRACE (Grid Search & Categorization Engine),

— GRASP (GRid based Application Service Provision),

MammoGrid (European federated mammogram database implemented on
Grids),

MOSES (Modular & Scalable Environment for Semantic Web),
OpenMolGrid (Open Computing Grid for Molecular Science & Engineering),
SeLeNe (Self e-Learning Networks).

|

Focus of European grid projects is summarized in Figure 1, taking their
start-up times and funds into consideration.

FP5 IST Grid Projects

MammoGrid

Applications

EuroGrid

Middl

'DataTAG
® GRIDSTART cluster

Infrastructure ‘ .
Other FP5 Projects |

1-10-2000 1-10-2001 1-10-2002

Fig. 1. Focus, start-up date and funds of FP5 grid projects (the size of the “bubbles”
denotes the funding level of the corresponding project).

The size of points presented in the figure corresponds to the funding of
projects. For example, the largest project’s (DataGrid) funds correspond to 9.8
million Euros, and the smallest one’s (SeLeNe) are less than 300 thousands Eu-
ros. The horizontal axis indicates start-up dates, and the vertical one the focus
of projects. The focus is ordered from the lowest level grid components, at the
bottom of the figure, to the highest level, at the top. For example, projects with
their focus situated in lower parts of the figure may work mainly on fabric or con-
nectivity layers. If focus is placed between Middleware and Applications on the
vertical axis it means that the project’s activities concern high level (collective
or application specific) services or application environments and tools.
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Figure 1 allows us to draw certain general conclusions. First of all, one can
see how the number of grid projects has increased in the years since 2000. The
first group of projects contained only three initiatives. Furthermore, instead
of a few large projects, many smaller activities focused on more specific goals
have appeared. Most of the new initiatives are application oriented. Generally,
the objectives of European grid projects are quite differentiated and cover all
three aspects of grid development we have considered. Initially, larger funds were
targeted at middleware and smaller for infrastructure and applications. These
first grid initiatives should provide a solid basis for the next, more application-
oriented projects. Finally, we would like to emphasize that the projects oriented
towards applications or middleware do not necessarily ignore grid components
located in other layers. Some details concerning project activities in various grid
areas are presented in Section 5 and will be a topic for further research.

A large effort on a national level has also been made to develop grid environ-
ments. The UK e-Science program is a good example of such an effort supporting
many grid projects including GridPP, AstroGrid, GEODISE, OGSA-DAI and
many others.

Of course, there are many grid initiatives outside Europe: US projects in-
volved into grid development such as GrADS, GriPhyN, IPG, iVDGL, PPDG,
and TeraGrid as well as activities in, for example, Southern Korea, Japan and
Australia.

3 Taxonomy

Grid development may be categorised according to various separate areas such
as security, resource management, application development environments and
many others listed below in this section. Grid projects activities focus usually
on a subset of these areas. Moreover, grid environments often have a common
general architecture divided into layers. Thus, the comparison has been divided
into three main parts according to the taxonomy we’ve prepared. The first -
general - contains a comparison of the focus and goals of projects. The focus
denotes whether the project is application, middleware or infrastructure oriented.
The second part includes architecture and analysis of components in particular
layers. The following layers are considered (based on [13]):

— Applications and Portals,

Application Development Environment and Tools,
Middleware (Generic and Application Specific Services),
— Fabric.

The main part of the comparison contains areas of grid computing. We hope
they cover all (or at least all of the most important) aspects of grid environments.
They are as follows:

— Portals and Mobile Access,
— Applications,
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— Application Development Environment and Tools,
— Resource Management and Scheduling,

— Information,

— Monitoring and Performance Analysis,

— Logging,

— Data Management,

— Security,

— Accounting,

— Testbeds and Networks,

— Dissemination Plans.

In order to compare all activities in a credible and exhaustive way, a set of
templates corresponding to particular areas listed above was prepared. These
templates were then circulated to all projects from the GRIDSTART cluster
to gather information concerning considered projects. Each template contains
important issues related to a given area. Basically, they have been divided into
three groups. The first group includes general issues such as the main require-
ments and functionality of the project’s component. The second group, called
external, defines connections (e.g. interfaces) of mechanisms developed in the
scope of a given area with other components and users. The “details” group, in
turn, deals with all specific issues related to a particular area.

4 Applications

A comparison of domains and classes of applications used and developed in
European grid projects may serve as an example of the analysis. These issues
are rather general, but very important since particular applications and their
users stimulate the development of grid technology.

There are several interesting aspects of applications that can influence the
structure and the scope of the projects. These aspects include application do-
mains, classes (types), requirements and user communities. Here we confine our
analysis to application domains and classes.

The numbers of projects belonging to the GRIDSTART cluster developing
applications from particular domains are presented in Table 1. We have dis-
tinguished the following general domains: Earth and Environmental Sciences,
Biology and Medicine, Physics and Astronomy, Engineering, and Multimedia.

As shown in the table, scientific domains such as life sciences, earth obser-
vations, weather prediction and physics are the main forces stimulating devel-
opment of grid environments. For instance, such stimulating factors, in the case
of the DataGrid project, were based on requirements coming from the high en-
ergy physics field including demands of experiments which require processing
huge amounts of data. On the other hand, several projects deal with indus-
trial applications including CAE or multimedia. This trend is quite common for
the development of new technologies. They are often used at first in scientific
communities and afterwards become widely accepted and used for commercial

purpose.
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Table 1. Application Domains in FP5 IST Grid Projects.

Application Domain Number of Projects

Earth and Environmental Sciences 4
Biology and Medicine 4
Physics and Astronomy 5
Engineering 3
Multimedia 1

We have also tried to classify these applications according to the categori-
sation presented in [13]. The following major classes of applications (for details
see [12]) have been presented in Table 2 along with a number of projects dealing
with applications belonging to these classes:

Table 2. Application Classes in FP5 IST Grid Projects.

Application Class Number of Projects
Distributed supercomputing 5
High throughput 1
On demand 5
Data intensive 4
Collaborative 1

As one can see, various classes of applications are being developed by projects
in the cluster. However, the majority of applications deal with large amounts of
data (data intensive) or require huge computing power (distributed supercom-
puting) often in a bounded amount of time (on demand).

5 Research and Development in FPS IST Grid Projects

EU-funded projects are exploring and developing various aspects of grid envi-
ronments. These aspects have been presented in Figure 2. One can distinguish
areas of grid development explored by the majority of projects as well as spe-
cific for a few of them. However, this figure does not correspond exactly with
the extent of developments in given areas, since some projects place different
emphasis on them. Furthermore, some technologies belonging to a specific area
may be developed to a greater extent than in others. More detailed analysis of
these issues is a topic for further research.

Projects belonging to the GRIDSTART cluster explore many interesting
problems, which are very relevant for further development of grid technology.
For instance, the interoperability issue is addressed by the DataTAG and GRIP
projects. The former attempts to provide a transatlantic testbed including US
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Fig. 2. Development of particular grid areas in the scope of the GRIDSTART cluster.
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projects and DataGrid testbed taking advantage of the GLUE schema (a com-
mon schema for information systems). The latter realizes the interoperability
of Globus and UNICORE, two leading software packages central to the opera-
tion of the grid. Network infrastructure is being developed mainly by DataTAG
including the design of new network protocols for fast data transfer and the
aforementioned transatlantic testbed. Other projects (e.g DataGrid, GridLab,
CrossGrid) create their own testbeds as well. Grid projects work also on various
applications and assemble many user communities as stated in Section 4. For
example, AVO and EGSO develop application specific solutions in the astro-
physics domain. Industrial applications are addressed by GRIA and DAMIEN.
Applications in DataGrid, EUROGRID and CrossGrid projects concern several
domains. The GridLab project adapts two application frameworks (used mainly
by astrophysicists) to grid environments. Programming tools such as APIs, SDKs
and toolkits are also being developed. The main goal of GridLab is to develop the
Grid Application Toolkit which will enable applications to adapt dynamically
to grid environments. Tools for MPI applications and performance optimisa-
tion are the objective of the DAMIEN and CrossGrid projects. We can also
distinguish between projects dealing with compute-intensive and data-intensive
applications. GridLab and EUROGRID belong to the former group. DataGrid,
CrossGrid and EGSO are typical “data oriented” projects.

In view of the limited size of this paper a brief overview of develoment in
areas of grid technology has been presented. Further details will be available in
the report which is being compiled in the scope of the GRIDSTART project.
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6 Summary

This paper summarizes the first steps and early results of the work on the anal-
ysis and comparison of European IST grid projects. Results presented in the
paper contain a brief survey of projects, a proposed taxonomy, an overview of
applications and a summary of efforts in particular areas of grid technology.
This research forms the basis for further analyses such as comparison of more
detailed information and including another projects which do not belong to the
GRIDSTART cluster.

The work, whose initial results have been presented in the paper, also ad-
dresses the needs of the GRIDSTART project such as a consolidation of technical
developments in Europe, a focused and active contribution to the development
of international standards, the stimulation of interaction between grid activities
at all levels within Europe, driving forward of grid developments by identify-
ing and amplifying synergies between different application areas, and a central
repository of information for grid activities. The report, which is being compiled
on the basis of projects’ analysis, will constitute a background for the above
issues and the design of a roadmap for grid development.

Grid users and developers will be able, using this report, to take advantage
of the following information:

— Overlapping issues, i.e. identification of problems that are solved in an iden-
tical way by different projects,

— Status of software components and solutions developed by the IST grid

projects,

Recommendations for possible collaboration between particular projects,

— Open issues and challenges concerning areas, methods and problems which

need to be studied and solved,

An attempt to answer the question: what we can expect within the next few

years in the grid technology area.
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