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Abstract The Grid Component Model (GCM) is becoming a promising development plat-
form for flexible and adaptable grid applications. Recently, a set of mediator
components has been proposed for providing a uniform and integrated platform
to access grid middleware, services, and resources from an application. In this
paper, we present our experiences with building such mediator components us-
ing GCM, focusing on two functionality areas. First, we showhow application
adaption support can be realized via mediator components, based on a set of com-
ponent controllers through which the application components can be adapted and
steered. Second, we show how a service and resource abstraction layer can be
controlled at runtime from the mediator components.
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1. Introduction

Developing grid applications has proven to be a hard problem. What dis-
tinguishes grids from other environments is their heterogeneity, dynamic vari-
ability of resource quality, and their non-negligible failure rates, in their totality
requiring approaches to application development that takethese non-functional
properties into account [14].

Many grid programming models have been proposed. Componentmodels
like CCA [4]or Fractal [6]provide the flexibility that is needed to address the
challenges of grid programming. The Grid Component Model (GCM) [8]is
becoming a promising development platform for flexible and adaptable grid
applications. Recently, an integrated toolkit for grid applications has been
proposed [9], usingbotha set of mediator components anda service and resource
abstraction layer to integrate GCM-based applications with grid middleware
environments.

In this paper, we present our experiences with building suchmediator com-
ponents using GCM, focusing on two functionality areas. First, we show how
application adaption support can be realized via mediator components, based
on a set of component controllers through which the application components
can be adapted and steered. Second, we show how a service and resource ab-
straction layer can be controlled at runtime from the mediator components. We
show how both GCM-aware and GCM-unaware applications can beused with
our mediator component toolkit.

The remainder of this paper is organized as follows. Section2 and Section 3
briefly present the GCM component model, and survey the integrated toolkit,
respectively. Section 4 describes a more detailed design for the integration of
the mediator components with application components. In Section 5, we de-
scribe how GCM components can be used to dynamically adapt the service and
resource abstraction layer, too, shown on the example of theJavaGAT [16]im-
plementation. Section 6 discusses related work. Section 7 concludes.

2. The Grid Component Model (GCM)

GCM allows applications to be written in a way that they can cope with the
specific requirements of grid environments, most prominently resource hetero-
geneity, performance variability, and fluctuating availability. GCM is address-
ing these issues by the following properties.

First, GCM is ahierarchical component model. This means that users of
GCM (programmers) have the possibility of building new GCM components as
compositions of existing GCM components. The new, composite components
programmed in this way are first class components, in that they can be used
in every context where non-composite, elementary components can be used.
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Programmers need not necessarily perceive these components as composite,
unless they explicitly want to consider this feature.

GCM allows component interactions to take place with several distinct mech-
anisms. In addition to classical use/provide (or client/server) ports, GCM allows
data, streamandevent portsto be used in component interaction. Using data
ports, components can express data sharing between components while pre-
serving the ability to properly perform ad hoc optimizationof the interaction
among components sharing data. While stream ports can be easily emulated by
classical use/provide ports, their explicit inclusion allows much more effective
optimizations to be performed in the component run-time support (framework).
Event ports may be used to provide asynchronous interactioncapabilities to the
component framework. Events can be subscribed and generated. Furthermore,
events can be used just to synchronize components as well as to synchronize
and to exchange data while the synchronization takes place.

Regarding collective interaction patterns, GCM supports several kinds of
collective ports, including those supporting implementation of structured inter-
action between a single use port and multiple provide ports (multicast collective)
and between multiple use ports and a single provide port (gathercast collective).
The two parametric (and therefore customizable) interaction mechanisms allow
the implementation of most (hopefully all) of the interesting collective interac-
tion patterns deriving from the usage of composite (parallel) components.

GCM is intended to be used in grid contexts, that is in highly dynamic,
heterogeneous and networked target architectures. GCM therefore provides
several levels ofautonomic managersin components, that take care of the
non-functionalfeatures of the component programs. GCM components have
thus two kind of interfaces: a functional one and a non-functional one. The
functional interface includes all those ports contributing to the implementa-
tion of the functional features of the component, i.e. thosefeatures directly
contributing to the computation of the result expected of the component. The
non-functional interface comprises all those ports neededto support the com
ponent manager activity in the implementation of the non-functional features,
i.e. all those features contributing to the efficiency of thecomponent in the
achievement of the expected (functional) results but not directly involved in
actual result computation. Each GCM component therefore contains one or
more managers, interacting with other managers in other components via the
component’s non-functional interfaces and with the managers of the internal
components of the same component using the mechanism provided by the GCM
component implementation. Each component has a manager whose job it is to
ensure efficient execution of the component on the target grid architecture.
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3. The Mediator Component Toolkit

The goal of the mediator component toolkit is to integrate system-component
capabilities into application code, achieving both steering of the application
and performance adaptation by the application to achieve the most efficient
execution on the available resources offered by the Grid.

By introducing such a set of components, resources and services in the Grid
get integrated into one overall system with homogeneous component interfaces.
The advantage of such a component system is that it abstractsfrom the many
software architectures and technologies used underneath.
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Figure 1. The generic component platform with mediator components, from [9].

The strength of such a component-based approach is that it provides a ho-
mogeneous set of well-defined (component-level) interfaces to and between all
software systems in a Grid platform, ranging from portals and applications, via
mediator components to the underlying system software. Theset of envisioned
mediator components, with their embedding in the generic component platform,
can be seen in Figure 1; a detailed description can be found in[9]. We briefly
summarize the mediator components in the following.

Application-level information cache
This component is supposed to provide a unified interface to deliver
all kinds of meta-data (e.g., from a GIS, a monitoring system, from
application-level meta data) to the application. Its purpose is twofold.
First, it is supposed to provide a unifying component interface to all data
(independent of its actual storage), including mechanismsfor service and
information discovery. Second, this application-level cache is supposed
to deliver the information really fast, cutting down accesstimes of current
implementations like Globus GIS (up to multiple seconds) tothe order of
a method invocation. For the latter purpose, this componentmay have to
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prefetch (poll) information from the various sources to provide them to
the application in time. An implementation of such a component, albeit
without a “real,” e.g. GCM, component interface, has been described
in [2].

Application steering and tuning components
Controlling and steering of applications by the user, e.g. via application
managers, user portals, and problem solving environments (PSE’s), re-
quires a component-level interface to give external components access
to the application. Besides the steering interface, also dedicated steering
components are necessary, both for mediating between application and
system components, but also for implementing pro-active steering sys-
tems, carrying their own threads of activity. The steering components
thus provide a framework for performance tuning, which can be used to
improve the execution time of applications automatically as well as for
improving services and tools which are involved in the environment.

Application manager component
The envisioned application manager component establishesa pro-active
user interface, in charge of tracking an application from submission to
successful completion. Such an application manager is in charge of
guaranteeing such successful completion in spite of temporary error con-
ditions or performance limitations. (In other settings, such an active
component might be referred to as an agent.) For performing its task, the
application manager will need to interoperate with most of the other me-
diator components, like the application itself (via the steering interface),
the application meta data repository and cache, as well as anapplication
persistence service, like the one published in [15].

The components as described so far denote the core of the mediator set.
In the course of ongoing work, this set is being refined and enriched as new
experience will be gained.

4. Application Adaptation Support

The generic component platform, along with the mediator components, pro-
vides a platform for grid applications to adapt themselves to changing conditions
and resources at runtime. In this section, we propose how to interface appli-
cation components to this platform. We assume a parallel application that can
adapt itself via its data distribution or by migration to other compute nodes. An
example for such an application could beSuccessive Over Relaxation(SOR)
which is based on nearest-neighbour communication. Applications with other
communication patterns (like master/worker) would also beapplicable. We
also assume that the application shall be steered by its user.
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For both adaptation by tuning and management components, aswell as by
the user via the steering component, the application components have to be
called by the mediator components. For this purpose, we propose the interface
shown in Figure 2, with specialized controllers that are added to the application
components’ membrane.

Basedonexperience gathered when investigating the GCM component frame-
work, we propose the following extensions. First, in order to effectively modify
the structure of a running application, we propose to implement anexplorer
component. Thus, the user could switch between different implementations of
his/her algorithms without the need to stop and re-run theirapplication.

Second, the mediator toolkit can greatly benefit from implementing different
control aspects of the application separately, namely by using controllers. We
propose to introduce into the architecture the following controllers, as depicted
in Figure 2:

steering – for modifying application parameters, which would allow for
computational steering during runtime

persistence – for handling checkpoints: initiating checkpoints, as well as
starting (from checkpoint or from scratch) and stopping theapplication

distribution – for optimal utilization of allocated resources, and for adapt-
ing tochanges inenvironment (releasing and acquiring resources, changes
in quality of network connections)

component – for investigating the application’s structure(in terms of com-
ponents) and modifying it (e.g. switching to alternative implementation,
replacing subcomponents)

Note that the component controller is already implemented in GCM. How-
ever, the other controllers have to be added according to thenecessary function-
ality. Another important observation is that communication with the application
is via its controllers only.

4.1 Persistence Controller and Life Cycle Controller

ThePersistence Controlleris the manager of an application instance. Not
only is it responsible for checkpointing, but also for starting (from scratch or
from a checkpoint) and stopping an application. For this to be accomplished, we
propose bounding the Persistence Controller with GCM’sLifeCycleController.
The latter is a simple state automaton (with two states:startedandstopped).
We propose extending the state-cycle to service checkpointing. See Figure 3.

We propose to extend thestartedstate of the component by adding substates
representing different stages of the running application (created, initialized,
running, andfinished), andcheckpointing.
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Figure 2. Generic component platform with application controllers.
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Figure 3. Extended states of LifeCycleController.

The GCM LifeCycleController is responsible for starting and stopping the
component. There are certain conditions under which a component can be
stopped. For example, all method invocations on this component should have
finished (a special interceptor keeps a counter of active method invocations).
Similarly, only a component with all mandatory interfaces bound can be started.

Our system also benefits from this approach. Transitions betweenstopped
andstartedstates are limited to only a fewstartedsubstates. The component
must not be allowed to stop while checkpointing is in progress. Addition-
ally, stopping an application in therunning state could mean interrupting the
application (transition tofinished) first.

4.2 Application controllers

The proposed application controllers (steering –sc, persistence –pc, distri-
bution –dc, and component –cc) are implemented as GCM-controllers, part of
the membrane, shown in Figure 4 (left). Alternatively, the controllers can also
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be implemented as components inside a compound component, together with
the application component itself, shown in Figure 4 (right). This design can be
used for GCM-unaware applications as discussed below.

application
component

sc pc dc cc

application
component

sc

pc
dc cc

component
with interfaces

controller object membrane

Figure 4. Controllers inside the component membrane (left) or as subcomponents (right).

4.3 Dealing with GCM-aware and unaware applications

The GCM Mediator Toolkit is ready to run not only with applications that
have been developed with GCM in mind, but also with application objects
(rather than components), from “legacy” applications, as shown in Figure 5.
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Figure 5. Integrating applications with mediator controllers.

GCM-unaware applications. The framework is able to cooperate with ap-
plications that do not use the GCM framework, shown in Figure5, left. In that
case, a set of default controllers is created. A user application is encapsulated by
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the default persistence controller as this component is responsible for starting
and stopping the application, and it has direct access to theapplication object.
This controller, together with the default distribution, component, and steering
controllers, are integrated to a default application component, which is bound
to the rest of the framework via the application manager.

The default implementations of controllers are very simple. Only the persis-
tence controller is able to perform some actions – starting and terminating the
application. All other methods in this and the remaining controllers throw anot
implementedexception, as they cannot be provided without specific knowledge
about the application.

GCM-aware applications. These are very easy to connect to the framework.
The only requirement towards the application developer is to deliver a GCM
component (user application component, see Figure 5, right) with exported
interfaces for each of the controllers (dc, pc, cc, andsc). Internally, they are
expected to be bound to the user’s implementation of the controllers.

5. Service and Resource Abstraction

The mediator component toolkit is using aservice and resource abstraction
layer for the boundary between system and application componentson one
side, and (remote) services and resources, on the other side. The Java Grid
Application Toolkit (JavaGAT) [16]is an implementation ofsuch a layer. It
provides an object-oriented, high-level, and middleware-independent interface
to the grid.

Figure 6. Structure of the JavaGAT implementation, from [16].

JavaGAT uses nested exceptions and intelligent dispatching of method in-
vocations to automatically select the most suitable grid middleware that imple-
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ments the requested operations [16]. For instance, file transfers are typically
faster with GridFTP than with SSH, as GridFTP can use parallel data streams.
Another reason for a particular preference could be security: the most secure
transfer protocol could be tried first (much like SSH does). Figure 6 illustrates
the structure of the JavaGAT implementation. The JavaGAT engine is using
adaptor selection policies to express preferences for different adaptors and the
middleware they interface to. We propose to modify the engine such that the
configuration of these policies is more dynamic than its current implementation.

In JavaGAT, the selection process of the appropriate middleware (adaptors)
is done at runtime using a default ordering policy that defines the order in
which the adaptors are tried. This default ordering can be overridden by a
user-defined policy allowing the user to define the order in which the adaptors
are tried to service a particular request call. This can be done by defining an
AdaptorOrderingPolicyclass and specifying the name of the new ordering class
using a command line option that sets a Java system property.

However, since the user-defined ordering policy is specifiedas a system
property when the application is started, it is a one-time configuration that
cannot be changed while the application is running. In orderto make this
configuration more flexible, we investigate how we can utilize GCMâŁ™s
component architecture in order to make the policy more dynamic.

In order to make this possible we define a GCM component that exposes
an interface that can allow the user of the application to provide a new adap-
tor ordering policy for a particular GATobject. Internallyto the engine, each
GATobject provides a method that can be invoked internally by the component
to change the ordering of the adaptors in the adaptor list. Access to this list
has to be synchronized since the list can be concurrently modified through the
GCM component while it is being used by the adaptor selectionprocess. This
setup is illustrated in Figure 7.

6. Related Work

The work presented in this paper is presenting our experiences with in-
tegrating application and system components into a homogeneous system of
components. It is directly based on work within CoreGRID, namely the Grid
Component Model (GCM) [8], and the set of mediator components [9]. We are
using the ProActive/GCM implementation from the GridCOMP project [10].

What distinguishes grids from other environments is their heterogeneity,
dynamic variability of resource quality, and their non-negligible failure rates,
in their totality requiring approaches to application development that take these
non-functional properties into account [14]. In consequence, approaches to
dynamically adapt applications to changing grid environments are legion. Here,
we can only mention a few.
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Figure 7. Dynamic adaptor ordering using GCM components.

First of all, the GCM model provides the core mechanisms for our work.
Important, in this respect, is the work on skeleton-based, autonomic manage-
ment of grid components within GCM [1]. Behavioural skeletons are closely
related to higher-order components (HOC’s) that are likewise proposed for per-
formance adaptation of grid applications [3]. Both skeletons and HOC’s are
providing structural frameworks in which application components can be in-
serted and being leveraged from directly dealing with adaptation issues. In
contrast, mediator components do not require applicationsto fit into certain
structures but let them provide application-specific code to be interfaced with
the provided controllers.

Of course, there also exist many approaches to adapting gridapplications
that are not based on components. Examples providing some form of applica-
tion frameworks or infrastructures are [5, 11, 12, 18, 19]. The most puristic
approach is to modify the application code itself, or to develop new, grid-aware
applications [7, 17]. In contrast to these approaches, we propose to build both
applications and their supportive environments from the same grid component
model (GCM), and to tightly integrate them for flexible composition of efficient
and adaptive grid applications.

Whereas application performance is the predominant goal ofrunning ap-
plications in grids, it is not the only purpose for which dynamic adaptation
is required. Via service and resource abstraction, applications become inde-
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pendent of and portable across different grid middleware and infrastructure.
This purpose is addressed by the Grid Application Toolkit (the JavaGAT) [16],
or by the implementation of the recently standardized SAGA API [13]. Both
SAGA and the JavaGAT need some form of configuration information from the
user in order to identify and select proper middleware adaptors. Our mediator
component-based framework provides an integrated mechanism to provide all
necessary information to a resource and service abstraction layer, like SAGA
or JavaGAT.

7. Conclusions

With the Grid Component Model (GCM), applications can be written in ways
to cope with specific requirements of grid environments, namely resource het-
erogeneity, performance variability, and fluctuating availability. The integrated
toolkit for grid applications is providing both a set of mediator components
and a service and resource abstraction layer, allowing to integrate application
components with grid middleware systems.

In this paper, we have presented our design for integrating the mediator
components with the application itself. We have also shown,on the example
of the JavaGAT, how the service and resource abstraction layer can be made
adaptive, too. As of the time of writing, the mediator component toolkit has
been implemented partially. With the advent of a complete GCM platform
implementation, a fully integrated component platform will become available.
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