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Abstract

Grid technologies and infrastructures facilitate
distributed resource sharing and coordination in dynamic,
heterogeneous, multi-institutional environments. A
replica catalog is a Grid component that keeps replica
locations of data objects and provides location
transparency to data access. Replica selection is of great
importance to data-intensive scientific computing
targeted by many data Grid projects and the enabling
virtual data technologies. We present here GRESS, a
Grid replica selection service that provides a consistent
interface to multiple replica selection implementations
and supports flexible result delivery and easy
configuration and deployment of new replica selection
algorithms. GRESS is based on the Open Grid Services
Architecture, which facilitates discovery and
incorporation of the service by other Grid components
such as Grid planners and virtual data workflow
execution environments. We discuss the motivation for
and implementation of GRESS and describe its role in a
Grid environment.
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1. Introduction

Grid computing, the integration of a collection of
distributed computing resources to offer performance
unattainable by any single machine, has experienced a
surprisingly fast evolution in many fields during the past
several years. The Globus Toolkit® [1] enables the
construction of computational Grids by providing a set
of service components such as authentication,
communication, information service, and data access.

Besides these components, however, higher-level
services are required for wide-area practical computing
problems. In particular, a replica management service is
critical. Such a service [2] comprises two components: a
replica location service (RLS) and a replica selection
service (RSS).
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One promising step toward developing an effective RLS
is the system Giggle [3]. Giggle is a framework with
which one can tune the behavior of the RLS system
based on the scale, performance, reliability, and cost
requirements of particular classes of application.

The development of a practical RSS, on the other hand,
remains a problem. Replica selection involves choosing
areplica from among those spread across the Grid, based
on some application-specified characteristics [4]. Many
approaches have been proposed to address the replica
selection problem [5] [6]. Although these approaches
differ in implementation and performance, they share a
common framework: data collecting, preprocessing, and
predicting. Their disadvantage rests with the fact that
they all need to set up a Grid environment and deploy
their replica selection modules, a process that is tedious.

In this paper, we present a new Grid replica selection
service, called GRESS, that minimizes this effort and
unifies different replica selection approaches into a
generic platform. GRESS supports easy incorporation of
various replica selection implementations and provides a
consistent interface to them. The system is built as a Grid
service based on the Open Grid Services Architecture
(OGSA) [7], which facilitates discovery and
incorporation of the service by other Grid components.

The rest of the paper is organized as follows. In Section 2,
we discuss the importance of replica selection and
different replica selection algorithms. In Section 3, we
introduce OGSA and Grid services and explain the
motivation in building GRESS as a Grid service. In
Section 4, we describe the architecture and
implementation of GRESS. In Section 5, we summarize
our work on GRESS and briefly describe future research
and development.

2. Replica Selection

Replica selection is essential to data-intensive scientific
applications that are of primary concern by a number of
data Grid projects, such as the Grid Physic Network [8],
the Particle Physics Data Grid (www.ppdg.net/), and the



EU DataGrid project (www.eu-datagrid.org/).

Virtual data technologies [2] provide data location
transparency and materialization transparency in which
replica service plays a central role. Upon request for a
data product, the system decides whether to transfer the
data to the user or to reproduce the data, depending on
which is faster. In the case of reproduction, the system
can choose to move data close to a computation site or to
move the computation close to the data, depending on
the cost. In either case, the cost estimation is based on
which replica is to be selected. Replica selection is also
important in Grid planning and scheduling [9].

The key to replica selection is the prediction of file
transfer time, which depends on different factors
including characteristics of transfer, network status,
server load, and disk I/O information. Shen and
Choudhary [10] construct performance models of system
components for making performance predictions;
however, it is difficult in practice to get accurate
predictions from these models [11]. Other tools such as
the Network Weather Service (NWS) [12] base their
predictions on historic information at end-to-end level.
Although NWS achieves good results in predicting
network bandwidth, however, it appears to be
unsatisfactory when applied to GridFTP data transfers
[6]. Combining data from GridFTP log file, NWS, and
disk I/O information, Vazhkudai and Schopf have
formulated a regression predictor [6] that is more
accurate but needs much history data and processing.
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Figure 1: IBL Replica Selection Module

We use a light-weighted algorithm proposed by Hu and
Schopf [5] as the default replica selection module in
GRESS. It adopts instance-based learning (IBL)

technology to make selections based only on transfer log
files. The algorithm achieves a reasonable performance
and has the added advantages of simpler cases-base and
a lighter-weight selection process.

The IBL replica selection module comprises four
components as shown in Figure 1: parameter setting,
initialization of cases-base, IBL replica selection, and
update of cases-base. During the parameter setting
process, values such as weights and number of near
neighbors are assigned. The initialization component
constructs the cases-base by storing a number of historic
transfer log files (training instances). Now the module
can predict which server is best, whenever an attempted
file transfer request (requesting instance) comes. The
selection is based on the similarity between the
requesting instance and training instances. The
cases-base is updated periodically in order to keep its
freshness.

3. OGSA and Grid Service

OGSA represents a natural evolution of Grid
technologies, in particular the Globus Toolkit, merged
with concepts and technologies from the Web services
communities. OGSA adopts a common representation
for computational and storage resources, networks,
programs, databases, and the like. All are treated as
services: network-enabled entities that provide some
capability through the exchange of messages [13].

OGSA defines uniform service semantics (the Grid
service) and standard mechanisms for creating, naming,
and discovering transient Grid service instances. It also
provides location transparency and multiple protocol
bindings for service instances, and supports integration
with underlying native platform facilities [13].

Grid services provide (in terms of the Web Service
Description Language) a set of well-defined interfaces
and follow specific conventions. The interfaces address
discovery, dynamic service creation, lifetime
management, notification, and manageability. The
conventions address naming and upgradability. Grid
services also address authentication, authorization,
delegation and concurrency control [14]. Figure 2 shows
the structure of a Grid service.

We base GRESS on OGSA and build it as a Grid service
for the following reasons:
= It allows easy discovery through community
registries. Service providers can publish
detailed descriptions about the service.
= [t expresses service functions in a consistent
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form, and supports diverse selection modules
with different performance characteristics.

= [t supports different transport protocol bindings
such as HTTP and SOAP...

= [t provides flexible result delivery.

= It supports easy configuration and deployment
of new selection modules so that they can be
plugged in dynamically.

= It can be easily incorporated into or composed
with other Grid components, such as Grid
planners or virtual data workflow execution
environments.

4. Architecture and Implementation

We show in Figure 3 the architecture of GRESS and how
it interacts with the user application. The primary
function GRESS provides is to select a replica location
given a logical file name (LFN). To achieve this, it
incorporates at least one replica selection module to
choose the “best” replica. We can define best from
different perspectives, for example, the shortest transfer
time or the most stable server. Accordingly, we want to
have different replica selection modules that focus on
different performance characteristics. Therefore another
function of GRESS is to configure and deploy alternative
modules in the service.

4.1 Use of GRESS

A user application (a program, a service, etc.) firstly
contacts the community registry to find a replica
selection service provider, the registry returns the handle
of the master replica selection (MRS) factory service,
which is the entry point of GRESS, to the user.

The user then sends a request to the MRS factory to
create an MRS instance and gets back the Grid service
handle (GSH) and Grid service reference (GSR) for the
new service instance. A GSH is a globally unique name
that distinguishes a specific Grid service instance from
all other Grid service instances. The GSH carries no
protocol- or instance-specific information such as
network address and supported protocol bindings.
Instead, this information is encapsulated, along with all
other instance-specific information required to interact
with a specific service instance, into a GSR. Unlike a
GSH, which is invariant, the GSR(s) for a Grid service
instance can change over that service’s lifetime [7].

If the user wants to incorporate a module into GRESS,
the user calls the ConfigureModule operation provided
by the MRS instance. This operation makes necessary
changes to a template RS service implementation, and
then generates a new RS service, including the
corresponding RS factory for the module. The
DeployModule operation is then called to deploy the
newly generated service and the module in GRESS.

Now GRESS is ready to help the user make replica
selection decisions. The simplest case is to find the best
replica location for a file, given the logical file name.
Since in practice different virtual organizations maintain
their own RLS, a RLS server contact (typically an URL)
is also required.

The MRS instance queries the RLS for the replicas of the
logical file, which returns a list of physical file names
(PFNs). The MRS instance then makes a request to the
RS factory to create a new RS instance and forwards the
list of PFNs to the RS instance, which in turn calls the
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Figure 3: GRESSArchitecture

module to make the selection. The module estimates the
time to transfer the file from different replica locations
and selects the fastest one. The result, one of the PFNss, is
returned to the RS instance, then to the MRS instance,
and finally to the user.

GRESS is designed to handle more than the simplest
case. One of the key features of GRESS is to facilitate
easy configuration and deployment of new replica
selection modules and allow the user to experiment with
the replica selection algorithm without wasting time
setting up the experiment platform. When multiple
modules are deployed in the system, the user can
explicitly choose which module to use. Alternatively, the
user can specify a set of categories, such as nonintrusive,
short response time, or short transfer time, and the
system chooses the right module that satisfies these
categories.

GRESS also has flexible result delivery mechanisms.
The user application can get immediate results by calling
operations defined in the service interface. It can also
query the service data elements (SDE) of the MRS
instance using standard operation FindServiceData
defined in the obligatory GridService interface. SDE is a
set of named and typed XML elements encapsulated in a
standard container format; it provides
representation for information about Grid service
instances. This operation provides a pull model for
delivery of service data.

standard

Moreover, OGSA provides a notification framework that
allows clients to register interest in being notified of
messages and supports
one-way delivery of such notifications. This is the push
model for delivery of service data. It is useful when the
client wants to be notified of important changes.

particular asynchronous,

4.2 Organization of GRESS

This section focuses on the organization of the four
layers in GRESS. To make information exchange simple,
we define all the correspondence to be a string of the
format:

Attribute_Name = Attribute_Value, ..., Attribute_Name = Attribute_Value;
Attribute name-value pairs are separated by a comma,
and the string ends with a semicolon. There can be white
spaces and line separators before the semicolon. A
sample message looks like this:

ServerName = gargoyle.cs.uchicago.edu, FileSze = 32, TransferTime = 15;

MRS is the component that directly interacts with the
user application. It allows the user to configure, deploy,
select and use a module. The functions in a module are
mapped to standard service interfaces. The replica
selection result is delivered by MRS to the user.

The interface between MRS and RS is straightforward.
MRS maintains a list of active RS instances and
forwards user requests to the right RS instance. RS is
responsible for interacting with the module, that is,
calling the mapped functions according to the user’s
request and gathering the results from the module.

Usually the module requires initialization
parameters to get started (for example, IBL needs four
weights assigned to day, time, mode and file size). Thus,
we have the SetModuleParameters operation in RS. The

parameters are usually stored in a parameter file.

some

Results from the module are passed back to RS in special
strings mentioned earlier. Getting back result from
synchronous calls is easy. On the other hand, we can
envision modules that operate asynchronously: that is,
they start the test and return immediately, and it takes



time to get the result. In this case, we provide a callback
mechanism. The module must call the CollectResult
shell script (which is preset to invocate the callback
function provided by RS) and send back the result.

4.3 Implementation of GRESS

We implement GRESS using the Globus Toolkit version
3 (GT3), a full open source OGSA implementation. GT3
is composed of GT3 core, which implements the Grid
service interfaces and behaviors; GT3 base services,
which exploit the GT3 core to implement both existing
Globus Toolkit capabilities (e.g., resource management
and data transfer) and new capabilities (e.g., reservation
and monitoring); and higher-level services (such as job
manager or reliable file transfer).

GRESS is written in Java; the IBL module is written in
Perl. GT3 provides development toolkits to generate the
WSDL definition, as well as the server-side and
client-side stub implementations for the Grid service
from a Java interface. The service implementation and
configuration is packed into a Grid Archive Package and
deployed in a Grid service hosting environment. In our
case, we used both the GT3 standalone service container
and Apache Tomcat servlet container.

We also provide a Web interface that allows the user to
make requests to GRESS by filling out simple forms.
shows a screenshot of the Web page.
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Figure 4: Screenshot of the GRESS Web Page

We set up an experiment environment as shown in Figure
5, where GT3 and GRESS were installed at
hamachi.cs.uchicago.edu. The RLS server was set up at
gainly.mcs.anl.gov, and we registered a number of files
with various sizes and replica locations to the RLS
server.
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Figure 5: GRESS Experiment Environment

We gathered some preliminary results. For example, in
Figure 6 we show the estimated and actual transfer times
for a 32 MB file transfer from the servers, where serverl
to server5 correspond to the five servers in Figure 5 top
down.
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Figure 6: Transfer Time Estimation

Similar results can be obtained for other deployed
modules, from which we can analyze the differences in
performance and characteristics of these modules. We
also are integrating more replica selection modules into
the system. Our intention is to compare their behaviors
and performances at varying server loads and network
conditions.

5. Summary and Future Work

We have presented GRESS, an OGSA-based Grid
replica selection service. Our design allows for the easy
plug-in of new replica selection modules with minimum
modification and facilitates integration with other Grid
components. Modules can be configured to share useful
log data, and applications can choose the modules that
best suit their demands. We have implemented the
system using the GT3 OGSA implementation and tested
it in a Grid environment.

We expect to further enhance GRESS and incorporate it
into data Grid applications. In particular, we are



interested in the effect of caching the results returned by
modules. Caching could significantly improve the
response time, especially for modules that take longer
time to make selection choice. It may not be preferable,
however, when the network or server conditions change
dynamically. Also, the refresh rate of the cache needs to
be fine-tuned.

Another interesting issue concerns choosing the right
module for different applications. Our module
categorization mechanisms are still not sufficiently
flexible to match application demands and module
features. We envision a profile-based matching
mechanism, where our service keeps statistical
information about each module and build a profile for
each module.

We plan to enrich the result set and provide visualization
interface, so that the performance of modules can be
better represented and understood, which can help test
and improve the modules.
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