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ABSTRACT

Grid systems provide mechanisms for single signaoi, uniform
APIs for job submission and data transfer, in orgeallow the
coupling of distributed resources in a seamlessn@arHowever,
new users face a daunting barrier of entry dud¢ohigh cost of
deployment and maintenance. They are often requwekbarn
complex concepts relative to grid infrastructuresedential
management, scheduling systems, data staging, Etc)most
scientific users, running their applications witlfinimal changes
and yet getting results faster is highly desirabi¢hout having to
know much about how the resources are used. Henbigher
level of abstraction must be provided for the uhyieg
infrastructure to be used effectively. For thisgmge, as part of
our prior work, we have developed the Opal todl&it exposing
applications on grid resources as simple Web sesvjt]. Opal
provides a basic set of APIs that allows usersxecete their
deployed applications through graphical user iat$, or via
programmatic means.

In this paper, we present our ongoing work to extéme Opal
toolkit that enables the creation of an end-to-mrfichstructure to
dynamically leverage scientific applications ondgrésources. In
particular, we focus on the following two key exd@ms. We
have developed a command-line syntax descriptinguage that
can be published via the Opal interface. This eemlile creation
of dynamic Web forms for job submission, and magrebe used
for creating familiar application-specific userarfaces in other
types of Problem Solving Environments (PSE). Addiéilly, we
have extended the Community Scheduler FrameworkF{ECS
Meta-scheduler to support the concept of applicatas first class
resources. This enables Opal to submit jobs toemift grid
resources where an application is deployed witladfegicting how

user applications interact with Opal. We believmttthese
extensions enable the Opal toolkit to effectivelydrage multiple
grid resources, and provide access to the usesstmansparent
Web 2.0 fashion.

Categories and Subject Descriptors
D.4.7 [Organization and Desigi: Distributed systems Besign.
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1. INTRODUCTION

Grid systems have become very popular in recenestirfor

coupling geographical distributed resources. Howeve is

common knowledge that they are quite complicatediefloy and
maintain for system administrators and middlewageetbpers.
Furthermore, end-users are typically burdened wéharning

complicated concepts such as credential managersemeduler
access, data transfer protocols, etc., in orderexploit the
capabilities provided by grid systems. We beligvat significant
improvements can be made in making grid resourasieeto use
— firstly, for developers and system administratorsieploy and
develop grid applications, and secondly, for séiienénd-users to
use.

The Web 2.0 paradigm provides several lessons ¢hat be
leveraged by the scientific and grid communitigs.“What is
Web 2.0" [WEB2.0], O'Reilly lists some design patte and
general recommendations that are a large part @ef\Web 2.0
paradigm. In particular, he stresses that devetogleould (1) use
the Web as a platform for development, (2) hartiesollective
intelligence of the community, (3) focus on sergicend not pre-
packaged software, with cost-effective scalabilifd) enable
light-weight programming models, and (5) provideieh user



experience. In a recent paper [17], we list ouritfmos on
Services Oriented Architectures (SOA) for e-Sciende
summarize, scientific SOA developers should (1)u$ocon
application-level services, (2) provide access fiotualized
resources, (3) enable access via multiple userfaces, and (4)
leverage the right tools (in our case, open sowam@&modity
based software). With the advent of the Web SesvResource
Framework (WSRF) [8], the grid community has been
progressing towards some of these principles —ogshein using
service orientation and enabling access to to@sWeb service
protocols. However, to close the loop, we belihat there needs
to be an effort to provide access to these sciemtfplications via
user interfaces that are dynamic, and easy to gepld maintain
(similar to the dynamic interfaces to Web tools vided by
mechanisms like AJAX).

In this paper, we present our ongoing developméiurte to

provide useful extensions to both Opal [1] and @&F4 Meta-
scheduler [7]. In particular, we have developecw iVeb based
utility for the Opal toolkit which is able to dynaeally generate
submission forms based on command line argumentsaanew
extension to the CSF4 meta-scheduler which allosteduling
based on applications as first class resourcesll¥inwe discuss
how these two applications are integrated togethesichieve a
simpler deployment process, along with the prowisad high-

level graphical user interfaces.

The rest of the paper is organized as follows. éati®n 2, we
present an introduction to the Opal toolkit, on ethihe new work

is based on. In Section 3, we describe our apprtmetutomatic
interface generation. In Section 4, we discuss heevexpose
applications as resources via the CSF4 Meta-schedul
framework. In Section 5, we tie all the pieces thgeinto an end-
to-end system. We discuss some related work ini@eét and
present our conclusions in Section 7.

2. BACKGROUND

One of the goals of the National Biomedical Compata
Resource (NBCR) is to provide transparent accessgrid

resources by “grid-enabling” scientific codes, imer to enable
novel scientific workflows for multi-scale biomedicapplications
[14]. As part of our previous work, we have develdpghe Opal
toolkit [1] for wrapping scientific applications &8eb services. In
order to wrap an application as a Web service, iegin

developers are expected to write a simple XML-baggalication

configuration. The application configuration contginformation
about the scientific application, such as applarathame, binary
location, and application metadata (e.g. usagetimition). Using
a simple Apache Ant task, the Opal toolkit can dgpthe

application as a Web service into a container based\pache
Tomcat and Axis. Once the application is deploysdaaWeb
service, clients can access this service programatigtusing its

WSDL description. The WSDL API provides operatidos job

launch (which accepts command-line arguments aout ifiles as
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its parameters), querying status, and retrievingtpus.
Furthermore, it also provides an API for retrieviagplication
metadata. WSDL savvy users could write their owients to
access Opal based applications. However, not esgtentific user
is capable or interested in writing Web servicerds. Hence,
several interfaces have been provided for the eed-@part from
command-line clients written in languages like JaRgthon [4]
and Perl [15] available from NBCR, Web interfaces Opal
based services are available through the GridSplpeneal
environment [18], such as the MEME portlet in My k®phere
[24]. In addition, Opal based interfaces via Richtefnet
Applications (RIA) such as Gemstone [20], and ReobiSolving
Environments (PSE) such as the Python Moleculaw®igPMV)
[22], AutoDockTools [21] and Continuity [27] havdsa been
provided.

3. INTERFACE DEPLOYMENT

As the number of services deployed using Opal asms, it
becomes impractical to provide user interfacesefogry service
on every Web, PSE or RIA platform. While one couldte an
interface for a service on every platform, it igaly not very
scalable from a software engineering standpoint.Béleve that
it is a better idea to have the service descrilisigsage in such as
way that it can be translated into user interfafm@sdifferent
platforms. For this reason, we have extended Opaértable
application developers to describe the command-diyrgtax of
their applications. Using this syntax, we have wma@aa Web
interface that can dynamically create submissiam$obased on
the input and output of applications.

3.1 Opal extension

To improve the Opal deployment process we addedpgional
element to its XML deployment configuration filen lour
experience with working with a number of scient#igplications,
we noticed that the command line arguments for rsomntific
applications consist of the following members:

e Flags: These parameters are not ordered and aaéiyusu
represented with a character prefixed with a dagh a
they activate a functionality in the application (-
verbose)

e Tagged Parameters: These parameters are usually
formed by a prefix and input word (-input <filenamge
they can appear in any order

« Untagged parameter: These parameters are not gutefix
therefore their order is relevant

Hence, we added an optional element to the XML igondtion
for a scientific application, calleargs, which contains the above
elements. Each of the above elements also comfisther meta-
data, e.g. the type for tagged or untagged parassigch as
Integer, Float, Boolean, the default values, atsteat description,
etc. Moreover we provide the possibility to growgrgmeters that
supply similar functionalities. Eventually a growan also be
defined as exclusive, which implies that only oraeameter can
be selected among the ones belonging to that grdine
following XML snippet shows an example of a configtion file
for the PDB2PQR application, which provides a noatito
translate between the PDB and PQR molecule forfdhats
<args xmins="http://nbcr.sdsc.edu/opal/types">

<!-- list of flags -->
<flags>



<flag>
<id>nodebump</id>
<tag>--nodebump</tag>
<textDesc>
Do not perform the debumping operation
</textDesc>
</flag>

</flags>
<l-- list of tagged parameters -->
<taggedParams>
<separator>=</separator>
<param>
<id>ffout</id>
<tag>--ffout</tag>
<paramType>STRING</paramType>
<textDesc>Instead of using the standard
canonical naming scheme for residue and
atom names, use the names from the given

forcefield</textDesc>
</param>

<)£éggedParams>

<l-- list of untagged parameters, in order -->
<untaggedParams>
<param>
<id>output-path</id>
<paramType>FILE</paramType>
<ioType>OUTPUT</ioType>
<textDesc>The desired output name of the PQR
file to be generated</textDesc>
</param>

</u ntaggedParams>

<groups>

<group>
<name>inputParam</name>
<elements>inFile inld</elements>
<required>true</required>
<exclusive>true</exclusive>
<textDesc>Input file to be used (choose
one of the two options)</textDesc>

</group>

<)§roups>
</args>

While this model is fairly simplistic, it is capabof describing the
syntax of most command-line arguments. In its eurferm, it is
not possible to describe semantic information ef\thrious types,
or relations between the values of various parammetdis will be
addressed as part of our future work.

3.2 Automatic Interface Generator

We follow a two-fold approach to interface genematiFor users
who don't wish to specify an argument specificatiangeneric
form is provided that provides users with fields $electing input
files and typing command-line arguments. While tkisables
basic job submission and status queries, it doégjuite fit the

rich user environment model promoted by the Webp2:@digm.
Hence, we also provide a more advanced submissierface that
can fetch the deployment configuration from the IGygavice via
its WSDL API at run time, and create a personalimguit form

based on thargs element. The form is created following these

simple rules:
¢ Flag parameters are rendered as a check boxes
* Tagged and Untagged parameters are rendered as:

0 Check boxes if their type is Boolean

o File input fields if their type is file and they
are input parameters

o0 Radio buttons if their type is a list of
exclusive values

0 Input text fields for all the other cases

All the groups are displayed using a descriptivadireg and then

listing the associated parameters. If the groupxidusive every
listed parameter is associated with a radio butidrich can
activate the selected input field and deactivaterl dthers. Opal
GUI can also query Opal server and dynamicallyldis@ list of
available services.

Figure 1 shows a typical scenario where a useresquthe

submission form for the PDB2PQR service. The Opall G
dynamically queries the Opal server to fetch thelaenent

configuration file, and a customized submissiomfas rendered
to the user. Once the submission button is pughedDpal GUI

launches the PDB2PQR via the Opal Web services API.

{:i:} getSubmissionForm PDBZPQIb%
o ,ﬁ‘, < L

/\

{E} submissionForm Use!

On user submit:

¢ Invoke launchJob with right inpu
parameters

Opal GU

getAppMetadat

\{E} afpMetadat

O getAppMetadata
(O launchJob
(O getOutput
]
m O getAppMetadata
@ (O launchJob
Opal Server (O getOutput

Figure 1 - Service invocation with Opal GUI



While we demonstrate the use of this approach foebW
interfaces, it is general enough to be used byemwronment. In
short, a PSE that wishes to dynamically generatal @yerfaces
must provide an Opal shell that can request thelicapion
configuration at run-time, and translate it to lresentation logic
of the corresponding system. This is possible bezawnlike
other approaches like WSRP [29], the Opal servileesot push
any presentation logic. They only enable accesspiplication
metadata in XML form, which is easy to translat®ia number
of markup languages (even as
transformations).

Currently our user interface does not provide sgcuamechanism
but we plan to support HTTPS between the clientvses and the
Opal GUI server, with
authentication. The Opal GUI can rely on third pasecurity
systems in order to obtain centralized users crédsn(e.g.
GAMA [23]). Then Opal GUI can adopt GSI [16] bagdd@TPS
for the job submission to the remote back-end Gepalices.

4. Virtualized Resources

The Opal toolkit models applications as resourchewexposing
them as Web services; however, the base versioomgrsubmit
jobs to a local scheduler. For greater scalabilitis necessary to
leverage multiple clusters located at differenftimns. However,
our goal is to do this without compromising the eea$ use of
application deployment via Opal. With that in minde extend
the concept of an application as a requestableuresdo CSF4
[7], which is an open source meta-scheduler retbase an
execution management component of the Globus ToélkiO].
CSF4 can coordinate heterogeneous local schedauterprovide
a uniform and transparent compute resource acegs$aice.

In the past, using CSF4 was fairly complicated ersimeeded to
know details of each of the clusters, such as gepdmt of
applications, location of replicated data, dynastate of clusters,
etc. The resource management of CSF4 paid momtiatigo the
integration of heterogeneous local schedulersA8]part of our
work, we propose a novel way to virtualize applmatresources
to make CSF4 easy to use via command-line as well
programmatic means. First, we divide grid resouricgs two
parts - application resources and cluster resoufdesdescription
of an application resource includes necessary peteam “name”,
“path”, “clusters deployed on” and optional paragmst‘version”,
“compiler” and “dependent libraries”. The applioat resources
themselves are fairly static and do not changeufatly once
they are deployed — their status can be updatedhéylocal
administrator, and queried via MDS [12] or SCMSWa26], or
even an RSS (Really Simple Syndication) feed.

To submit a job to CSF4, a client just needs teifpéhe name of
the application resource. After the scheduling sleni has been
made, as described below, the scheduler can uspEopriate
version of the application, taking into account tbeation of
binaries and dependencies from the resource infavmathus
obviating the need for an end-user to specify ¢he@me. This is
analogous to our model for the Web services wheosex just
deals with a service, and is not bothered withirtkernal details.

The description of cluster resource includes necggsarameters:
“name”, ‘“infrastructure type”, “scheduler type”, @aster
hostname”, “available CPUs” and optional paramet&cheduler
version”, “scheduler port”, “CPU architecture”, “mery”, “disk

space”. Some parameters of cluster resources, asitavailable

trivially as via XSLT

CPUs", are finite and change very frequently -haltgh some
monitoring tools such as Ganglia [11] provide soseeni-real-

time cluster status information via MDS, this infmtion has
been found to be not very dependable since theynatrgained

from local schedulers and are frequently out oedétence, we
also maintain an inner resource status list in C8Rd change the
resource status on every scheduling cycle usingrtemn the

status of completed jobs. When a user submits agdBSF4, it

queries the application and cluster resources figmovider.

In the scheduling cycle, CSF4 regards the userapla set of
resource requirements and matches the requiremertts

resources available via FCFS (first come first sBnpolicies.
CSF4 locks the allocated resource by changingrtheriresource

username and password basedstatus list after a successful match. The lockeduee will be

released after the job finished. CSF4 also adjtssvalue of
“available CPUs" after the completion of submitjetls. On one
cluster, if most of the dispatched jobs are finsshe@SF4 will give

a higher weighted value for the “available CPUs'tlu§ cluster.

On the other hand, if few jobs are finished, whitlygests that
the cluster may be busy or that the local schedlitenot allocate
all the CPUs for grid jobs — in this case, the eafavailable

CPUs" for the cluster will be weighted down. Fartsfer of data
between nodes, CSF4 uses the GridFTP protocol [13].
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Figure 2 — CSF4 integration with Opal to support sheduling
based on resource virtualization

The above figure shows how we have abstracted @&saurce
virtualization based scheduling within the Opal Wsérvice
interface. As part of the application configuratidor Opal,
developers would specify the name of the applicatiesource,
rather than the binary location on a particulartays Instead of
submitting jobs to a local scheduler, Opal can quenfthe job
submissions to CSF4 via its WSRF API. Furthermo&F€ is
now able to handle user data stage-in and stagarmlito create



temporary working directory on the execution hashg GridFTP
transfer protocol [13]. On the other side cliertth sse the same
WSDL API to launch jobs and query status; howetrezy would
be completely oblivious of the complex grid setuptte back-

end. O Q %

5. The Big Picture /\

In a complete end-to-end system, we have the gr&burces User User
where the applications have been deployed andteegis with
CSF4. The applications are exposed as Web serugiag Opal,
and accessed via a dynamic Opal GUI as shown ur&ig.

>—0

The raw heterogeneous resources, displayed in dkterb, are
accessed via the CSF4 scheduler. As describederea@iSF4
provides a unified view over the underling infrasture,

exposing only the available applications as ressir@he Opal
service wraps such an application as a Web serait hides all
the lower level protocols involved with the CSF4 jsubmission
(WSRF, GridFTP, etc). Finally the Opal GUI allowe tautomatic
generation of submission forms for every appligatiavithout

requiring any extra programming effort. All the aatansfers
required are handled through Opal and CSF4 codrdmaand is
completely transparent to the end-users. The iategr of Opal

and CSF4 furthers the goals outlined in the My Vé&mtere paper
[24], and is going into production use in the Avi&tu Grid

project [25].

HTTP Server
Opal GUI

Workflows are beyond the scope of this paper howewer Protocols:
infrastructure can be orchestrated by any thirdypaworkflow - WSRF
systems which support standard Web Service pratoEok WSRF - GRAM
example BPEL [28] can directly leverage applicatitevel %

interfaces exposed by Opal. Nevertheless, if supgdoby the \‘@ ﬂ

workflow engine or plug-in, orchestration can aldoe

implemented at the CSF4 level, which adopts plaiBRN [8]
protocol. App A App B @

6. Related Work

There are several efforts that address dynamicogiem@nt of
Graphical User Interfaces (GUI). For example, thezNa

framework uses the XML Markup Language (XUL) [2]rfo ]
defining a rich user interface portable over défarplatforms. Its Raw Resources:

syntax includes all the most common graphical wigidige text - CPU

box, check box, file chooser, etc. The key diffeerof our -  Storage

approach from this is that we do not define ang@néation logic

in our application configuration. Our goal is thhts is flexible

enough to be converted into different presentatiommsdeed, it is

conceivable that our XML configuration can be ttatedd into

XUL via XSLT transforms.

PISE, an application to create web based userfacts [3], Globus GRAM Globus GRANMN \/
allows specification of command line parameteraigigin XML - )
based configuration file. Thus with a set of PERtps, PISE is == SlésF',tSr resources SlésF',tSr resources:
able to create web forms and CGI scripts for thecetion of = App A App A
applications. Its complex configuration file, whieliso includes | AppB — AppC

PERL statements, enables definition of advancecsrulor

command line arguments validation. However its cexify can

restrict application developers from adopting teaution. The

main drawback of PISE is its static interface gatien engine, Figure 3 - NBCR infrastructure, CSF4, Opal, and OpaGUI
which can create submission forms only at compiteet while deployment

the Opal GUI is able to dynamically discover apgiicn
parameters and build submission forms [31].



Soaplab [5] is a tool that allows users to expqaaieations via
the Web service protocol. It uses a format call€eDAto define
the parameters required to run the program, whilchwa a fine
grained specification of input data type (intedleat, string, etc.),
of default values, and of syntactical dependencivéen the
different input parameters. It uses CORBA [6] ie thack-end to
access available applications — apart from beirgghen software
tool to install. This is also a concern because BARKs a non-
standard tool in the grid world. Moreover, Soaplkdes not
provide support for any grid authentication andeasccontrol
(GSI [16]). However, one interesting feature of AGIhguage is
its capability to allow specification of semantigalrelated
constrained parameters and default values. Thistimality can
be useful in cases where default values can vapgriding on
user selection made up to that point. At this pothe Opal
deployment configuration file does not allow spieeifion of such
complex validation rules; on the other hand, it esmkt much
easier to use.

6.1 Conclusions

In order to simplify usage of grid infrastructurasd to increase
their adoption, one has to provide easy to useradiiins to
complex lower level constructs. For this reasonhaee provided
a mechanism to model applications as resourcesritie CSF4
meta-scheduler  framework.  Furthermore, by
applications as Web services via the Opal toolkie have
provided an application-centric view of the gridWeb services
clients. We have provided an extension to the Qgalkit to
describe command-line arguments, which can be used
dynamically create Web based submission interfaoeshese
applications, in a Web 2.0-like manner. We belithat providing
such easy-to-use mechanisms would lower the ergracier for
end-users to effectively use grid middleware.
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