INTEGRATING APPLICATION AND SYSTEM
COMPONENTS WITH THE GRID COMPONENT
MODEL

Michal Ejdys, Ula Herman-lzycka, Namita Lal, Thilo Kielm@ih
Vrije Universiteit

Dept. of Computer Science

De Boelelaan 1083

1081HV Amsterdam, The Netherlands

kielmann@cs.vu.nl

Enric Tejedor, Rosa M. Badia
Univ. Politecnica de Catalunya

C/ Jordi Girona, 1-3

E-08034 Barcelona, Spain

Abstract The Grid Component Model (GCM) is becoming a promising dewedent plat-
form for flexible and adaptable grid applications. Recerdlget of mediator
components has been proposed for providing a uniform aedrated platform
to access grid middleware, services, and resources frorpg@ication. In this
paper, we present our experiences with building such madéamponents us-
ing GCM, focusing on two functionality areas. First, we shwow application
adaption support can be realized via mediator componesedon a set of com-
ponent controllers through which the application compésiean be adapted and
steered. Second, we show how a service and resource atostriagter can be
controlled at runtime from the mediator components.
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1. I ntroduction

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

Many grid programming models have been proposed. Companedels
like CCA [4]or Fractal [6]provide the flexibility that is nded to address the
challenges of grid programming. The Grid Component ModeCG [8]is
becoming a promising development platform for flexible addgable grid
applications. Recently, an integrated toolkit for grid lggiions has been
proposed [9], using both a set of mediator components angliasand resource
abstraction layer to integrate GCM-based applications gitd middleware
environments.

In this paper, we present our experiences with building sneHiator com-
ponents using GCM, focusing on two functionality areassti-ive show how
application adaption support can be realized via mediaiorponents, based
on a set of component controllers through which the apjptinatomponents
can be adapted and steered. Second, we show how a servicesandce ab-
straction layer can be controlled at runtime from the mediedmponents. We
show how both GCM-aware and GCM-unaware applications carseé with
our mediator component toolkit.

The remainder of this paper is organized as follows. Se@&iand Section 3
briefly present the GCM component model, and survey the riated toolkit,
respectively. Section 4 describes a more detailed desigihdantegration of
the mediator components with application components. bii@e5, we de-
scribe how GCM components can be used to dynamically adesettvice and
resource abstraction layer, too, shown on the example afabv&GAT [16]im-
plementation. Section 6 discusses related work. Sectimm@lades.

2.  TheGrid Component Model (GCM)

GCM allows applications to be written in a way that they capecwith the
specific requirements of grid environments, most promigagaesource hetero-
geneity, performance variability, and fluctuating avaligh 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 GCdinponents as
compositions of existing GCM components. The new, compasimponents
programmed in this way are first class components, in that ¢the be used
in every context where non-composite, elementary comgsnean be used.
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Programmers need not necessarily perceive these compaaembmposite,
unless they explicitly want to consider this feature.

GCM allows component interactions to take place with seédstinct mech-
anisms. Inaddition to classical use/provide (or cliemt/sg ports, GCM allows
data streamandevent portdo be used in component interaction. Using data
ports, components can express data sharing between contpomnigile pre-
serving the ability to properly perform ad hoc optimizatiointhe interaction
among components sharing data. While stream ports can ibeeraslated by
classical use/provide ports, their explicit inclusioroals much more effective
optimizations to be performed in the component run-timesupframework).
Event ports may be used to provide asynchronous interactipabilities to the
component framework. Events can be subscribed and gedefaiehermore,
events can be used just to synchronize components as wellsyschronize
andto exchange data while the synchronization takes place.

Regarding collective interaction patterns, GCM suppoeterl kinds of
collective ports, including those supporting implementabf structured inter-
action between a single use port and multiple provide pontdt{cast collective)
and between multiple use ports and a single provide pottiégeast collective).
The two parametric (and therefore customizable) intesactiechanisms allow
the implementation of most (hopefully all) of the interagticollective interac-
tion patterns deriving from the usage of composite (pdjattemponents.

GCM is intended to be used in grid contexts, that is in highjyaimic,
heterogeneous and networked target architectures. GCidftine provides
several levels ofiutonomic managergh 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-fianeti one. The
functional interface includes all those ports contribgtio the implementa-
tion of the functional features of the component, i.e. thiesgures directly
contributing to the computation of the result expected efcbmponent. The
non-functional interface comprises all those ports ne@deslipport the com
ponent manager activity in the implementation of the namzfional features,
i.e. all those features contributing to the efficiency of toenponent in the
achievement of the expected (functional) results but negctly involved in
actual result computation. Each GCM component therefordgadms one or
more managers, interacting with other managers in othepoaents via the
component’s non-functional interfaces and with the marsegéthe internal
components of the same component using the mechanism pddwdhe GCM
component implementation. Each component has a managee\idioit is to
ensure efficient execution of the component on the targdtagdhitecture.
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3.  TheMediator Component Toolkit

The goal of the mediator component toolkit is to integrattey-component
capabilities into application code, achieving both stagrof the application
and performance adaptation by the application to achiegartbst efficient
execution on the available resources offered by the Grid.

By introducing such a set of components, resources andssrin the Grid
get integrated into one overall system with homogeneougpooent interfaces.
The advantage of such a component system is that it abstraoigshe many
software architectures and technologies used underneath.

integrated toolkit

steering
component

application-level
information cache

application
manager

tuning
component

: . steering
service and resource abstraction layer interface

security context

Y y Y Y

application resource i monitoring application
persistence broker —— S—— meta—-data
service services repository

Figure 1. The generic component platform with mediator componendsn 9].

The strength of such a component-based approach is thaivides a ho-
mogeneous set of well-defined (component-level) intedaseand between all
software systems in a Grid platform, ranging from portaid applications, via
mediator components to the underlying system software.s&hef envisioned
mediator components, with their embedding in the generggmment platform,
can be seen in Figure 1; a detailed description can be fouf8].iWe briefly
summarize the mediator components in the following.

Application-level information cache

This component is supposed to provide a unified interfaceetiveat
all kinds of meta-data (e.g., from a GIS, a monitoring systémm
application-level meta data) to the application. Its psg twofold.
First, it is supposed to provide a unifying component irstegfto all data
(independent of its actual storage), including mechanfemservice and
information discovery. Second, this application-levetteais supposed
to deliver the information really fast, cutting down acctasees of current
implementations like Globus GIS (up to multiple secondsh&oorder of
a method invocation. For the latter purpose, this compomeythave to
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prefetch (poll) information from the various sources toide them to
the application in time. An implementation of such a compupalbeit
without a “real,” e.g. GCM, component interface, has beescdbed
in[2].

Application steering and tuning components

Controlling and steering of applications by the user, eig.application

managers, user portals, and problem solving environm&8g&'6), re-

quires a component-level interface to give external coreptsaccess
to the application. Besides the steering interface, algicdted steering
components are necessary, both for mediating betweercafpph and

system components, but also for implementing pro-actigersig sys-
tems, carrying their own threads of activity. The steeringhponents
thus provide a framework for performance tuning, which camused to
improve the execution time of applications automaticaliyneell as for

improving services and tools which are involved in the emwnent.

Application manager component

The envisioned application manager component establespes-active
user interface, in charge of tracking an application froronsigsion to
successful completion. Such an application manager is amgehof
guaranteeing such successful completion in spite of teanperror con-
ditions or performance limitations. (In other settingsctsan active
component might be referred to as an agent.) For perfornsrgsk, the
application manager will need to interoperate with moshefdther me-
diator components, like the application itself (via theesitgg interface),
the application meta data repository and cache, as well apg@litation
persistence service, like the one published in [15].

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

4.  Application Adaptation Support

The generic component platform, along with the mediatorpaments, pro-
vides a platform for grid applications to adapt themseleehanging conditions
and resources at runtime. In this section, we propose howt¢oface appli-
cation components to this platform. We assume a paralldicapipn that can
adapt itself via its data distribution or by migration to @tltompute nodes. An
example for such an application could Saccessive Over Relaxati¢B8OR)
which is based on nearest-neighbour communication. Agiptins with other
communication patterns (like master/worker) would alscapplicable. We
also assume that the application shall be steered by its user



For both adaptation by tuning and management componenigglaas by
the user via the steering component, the application coemgerhave to be
called by the mediator components. For this purpose, weogethe interface
shown in Figure 2, with specialized controllers that arecaldt the application
components’ membrane.

Based on experience gathered when investigating the GChMaoent frame-
work, we propose the following extensions. First, in ordezffectively modify
the structure of a running application, we propose to imglenanexplorer
component Thus, the user could switch between different impleméentatof
his/her algorithms without the need to stop and re-run tglication.

Second, the mediator toolkit can greatly benefit from impating different
control aspects of the application separately, namely lmgusontrollers. We
propose to introduce into the architecture the followingtoallers, as depicted
in Figure 2:

m steering — for modifying application parameters, which teallow for
computational steering during runtime

m persistence — for handling checkpoints: initiating chetks, as well as
starting (from checkpoint or from scratch) and stoppingapplication

m distribution —for optimal utilization of allocated resaess, and for adapt-
ing to changes in environment (releasing and acquiringaress, changes
in quality of network connections)

= component—forinvestigating the application’s strucfuréerms of com-
ponents) and modifying it (e.g. switching to alternativeplementation,
replacing subcomponents)

Note that the component controller is already implemente@CM. How-
ever, the other controllers have to be added according toabessary function-
ality. Anotherimportant observation is that communicatiath the application
is via its controllers only.

41 Persistence Controller and Life Cycle Controller

The Persistence Controlleis the manager of an application instance. Not
only is it responsible for checkpointing, but also for stagt(from scratch or
from a checkpoint) and stopping an application. For thistadcomplished, we
propose bounding the Persistence Controller with GAM&CycleController
The latter is a simple state automaton (with two stastartedand stopped.

We propose extending the state-cycle to service checkpginGee Figure 3.

We propose to extend tletartedstate of the component by adding substates
representing different stages of the running applicatiedted 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 startingdestopping the
component. There are certain conditions under which a caemgocan be
stopped. For example, all method invocations on this corapbshould have
finished (a special interceptor keeps a counter of activdnoaeinvocations).
Similarly, only a component with all mandatory interfacesibd can be started.

Our system also benefits from this approach. Transitionsderistopped
andstartedstates are limited to only a festartedsubstates. The component
must not be allowed to stop while checkpointing is in progreg\ddition-
ally, stopping an application in theinning state could mean interrupting the
application (transition téinished first.

4.2  Application controllers

The proposed application controllers (steeringc—persistence ¢, distri-
bution —dc, and component ec) are implemented as GCM-controllers, part of
the membrane, shown in Figure 4 (left). Alternatively, toatcollers can also
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be implemented as components inside a compound compoaogathér with
the application component itself, shown in Figure 4 (rigfthis design can be
used for GCM-unaware applications as discussed below.

applicatiol
componerjt
applicatio
componerjt
55
1 1T L 1 1T 1T L

component controller object membran
with interfaces

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

4.3 Dealing with GCM -aware and unawar e applications

The GCM Mediator Toolkit is ready to run not only with applices that
have been developed with GCM in mind, but also with applicatbjects
(rather than components), from “legacy” applications,tasas in Figure 5.

GCM-unaware application GCM-aware application

Default application component
Default Distribution

Controller User application component

Application manager Application manager
pp QJ’\F defaut Pers pp g
Controller

dc|

)

Application

Default ComponeR€|
Controller ;
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ﬂ, Default Steering
a cci Controller am

/\/St

4l

component objec

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 Figureft. In that
case, a set of default controllers is created. A user apjgitas encapsulated by
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the default persistence controller as this component oresble for starting

and stopping the application, and it has direct access tagpkcation object.

This controller, together with the default distributiomneponent, and steering
controllers, are integrated to a default application congmb, which is bound

to the rest of the framework via the application manager.

The default implementations of controllers are very sim@laly the persis-
tence controller is able to perform some actions — startiijtarminating the
application. All other methods in this and the remainingtoalters throw anot
implementeaxception, as they cannot be provided without specific kadge
about the application.

GCM-awareapplications. These are very easy to connect to the framework.
The only requirement towards the application developeo iddliver a GCM
component ser application componensee Figure 5, right) with exported
interfaces for each of the controllerdc( pc, cc, andsc). Internally, they are
expected to be bound to the user’s implementation of theaibers.

5. Service and Resource Abstraction

The mediator component toolkit is usingervice and resource abstraction
layer for the boundary between system and application compore@ntsne
side, and (remote) services and resources, on the other $hie Java Grid
Application Toolkit (JavaGAT) [16]is an implementation sfich a layer. It
provides an object-oriented, high-level, and middlewiaceependent interface
to the grid.

High-level API

Steering || (?/r(i)d |

Information
system

Resource

GAT Object
Brokering

Factory

Monitoringl

JavaGAT Engine
Capability Provider Interface (CPI)

. Grid
Steerin
9 | | 1/0 | Brokering

Fey

JavaGAT Adaptors

Information
system

Resource

Monitoringl

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

JavaGAT uses nested exceptions and intelligent dispatatfimethod in-
vocations to automatically select the most suitable grididieware that imple-
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ments the requested operations [16]. For instance, filsfeeare typically
faster with GridFTP than with SSH, as GridFTP can use paddia streams.
Another reason for a particular preference could be sgcutie most secure
transfer protocol could be tried first (much like SSH doe$yuFe 6 illustrates
the structure of the JavaGAT implementation. The JavaGAjinenis using
adaptor selection policies to express preferences fardift adaptors and the
middleware they interface to. We propose to modify the emginch that the
configuration of these policies is more dynamic than itsenirimplementation.

In JavaGAT, the selection process of the appropriate midxdie (adaptors)
is done at runtime using a default ordering policy that defitlee order in
which the adaptors are tried. This default ordering can beraden by a
user-defined policy allowing the user to define the order irctvkhe adaptors
are tried to service a particular request call. This can bediy 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 specifiedh system
property when the application is started, it is a one-timefigoration that
cannot be changed while the application is running. In otdemake this
configuration more flexible, we investigate how we can wil@CMatL™s
component architecture in order to make the policy more ohyoa

In order to make this possible we define a GCM component thabses
an interface that can allow the user of the application twvidea new adap-
tor ordering policy for a particular GATobject. Internaliy the engine, each
GATobject provides a method that can be invoked internallyhle component
to change the ordering of the adaptors in the adaptor listegs to this list
has to be synchronized since the list can be concurrentlyifreddhrough the
GCM component while it is being used by the adaptor selegirogess. This
setup is illustrated in Figure 7.

6. Related Work

The work presented in this paper is presenting our expesgemdth in-
tegrating application and system components into a hormaamgensystem of
components. It is directly based on work within CoreGRIDynety the Grid
Component Model (GCM) [8], and the set of mediator companfdjt We are
using the ProActive/GCM implementation from the GridCOM®Bjpct [10].

What distinguishes grids from other environments is theitefogeneity,
dynamic variability of resource quality, and their non-igigle failure rates,
in their totality requiring approaches to application depenent that take these
non-functional properties into account [14]. In conseq@grapproaches to
dynamically adapt applications to changing grid environteare 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 torwork.
Important, in this respect, is the work on skeleton-baseathreomic manage-
ment of grid components within GCM [1]. Behavioural skefes@re closely
related to higher-order components (HOC's) that are likevproposed for per-
formance adaptation of grid applications [3]. Both skatst@and HOC'’s are
providing structural frameworks in which application caonpnts can be in-
serted and being leveraged from directly dealing with aatépt issues. In
contrast, mediator components do not require applicatiorfg into certain
structures but let them provide application-specific cadee interfaced with
the provided controllers.

Of course, there also exist many approaches to adaptingagptications
that are not based on components. Examples providing sammedfoapplica-
tion frameworks or infrastructures are [5, 11, 12, 18, 19he Thost puristic
approach is to modify the application code itself, or to depaew, grid-aware
applications [7, 17]. In contrast to these approaches, wpqse to build both
applications and their supportive environments from thmesgrid component
model (GCM), and to tightly integrate them for flexible comsjtimn of efficient
and adaptive grid applications.

Whereas application performance is the predominant goalmmiing ap-
plications in grids, it is not the only purpose for which dyma adaptation
is required. Via service and resource abstraction, agpite become inde-
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pendent of and portable across different grid middlewast iafrastructure.
This purpose is addressed by the Grid Application Toolki¢ davaGAT) [16],
or by the implementation of the recently standardized SAGA |3]. Both

SAGA and the JavaGAT need some form of configuration infoianetom the

user in order to identify and select proper middleware amtaptOur mediator
component-based framework provides an integrated mesrnatioi provide all
necessary information to a resource and service abstndetyer, like SAGA
or JavaGAT.

7. Conclusions

With the Grid Component Model (GCM), applications can beten in ways
to cope with specific requirements of grid environments, elgmesource het-
erogeneity, performance variability, and fluctuating kldlity. The integrated
toolkit for grid applications is providing both a set of matdir components
and a service and resource abstraction layer, allowingtégiate application
components with grid middleware systems.

In this paper, we have presented our design for integratiegmediator
components with the application itself. We have also shamthe example
of the JavaGAT, how the service and resource abstractiaer lzgn be made
adaptive, too. As of the time of writing, the mediator comgaintoolkit has
been implemented partially. With the advent of a completevig@atform
implementation, a fully integrated component platforml wdcome available.
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