2010

Consorzio COMETA

Edited by

Y 4

International Workshop on Science Gateways

20-21 September 2012/

Catania, Italy

sAemalen) 9dua1dS uo doYsyIoA\ [BUOIIRUISIU| VLIWOD ofziosuio)












Proceedings of the

International Workshop on Science Gateways
(IWSG10)

IS8

International Workshop on Science Gateways

Catania, Italy, 20-21 September 2010

Editors:
Prof. Roberto Barbera
Dr. Giuseppe Andronico

Dr. Giuseppe La Rocca

Consorzio COMETA Istituto Nazionale di Fisica Nuclear: /)

Sez. di Catania

Via Santa So_fia, 64 ' N F N

95123 Catania — Italy R
www.ct.infn.it L_/ di Fisica Nuciars

Via Santa Sofia, 64
95100 Catania - Italy
WWW.consorzio-cometa.it | 1~




INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG040), 20-22 SEPTEMBER 2010

Property of :

Consorzio COMETA
Via Santa Sofia, 64
[-95123 Catania-Italy
Year 2010

http://www.consorzio-cometa.it

http://agenda.ct.infn.it/conferenceDisplay.py?cda847

Cover art production by Rita Ricceri

ISBN: 978-88-95892-03-0

Disclaimer: The article presented on this procegslinook are for International purposes only.

Consorzio COMETA does not accept any responsibilitys, injury or legal liability resulting from
the use or misuse of the information presentedhénatrticles published here. The articles authors’

view do not necessarily represent or endorse #s/of the Consorzio COMETA.



ii INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG040), 20-22 SEPTEMBER 2010

Programme Committee
(In Last Name Alphabetic Order)

Giuseppe Andronico
National Institute of Nuclear Physics, Italy

Roberto Barbera
Department of Physics and Astronomy of the Univgrsf Catania and National
Institute of Nuclear Physics, Italy

Sandra Gesing
University of Tubingen, Germany

Luciano Milanesi
Institute of Biomedical Technologies, Milan, Italy

Steffen Moeller
University of Lubeck, Germany

Lars Packschies
University of Cologne, Germany

Miklos Kozlovszky
MTA SZTAKI, Hungary

Ivan Merelli
Institute for Biomedical Technologies, National Baxch Council, Italy

Organizing Committee
(In Last Name Alphabetic Order)

Giuseppe Andronico

National Institute of Nuclear Physics, Italy

Roberto Barbera

Department of Physics and Astronomy of the Univgrsif Catania and National
Institute of Nuclear Physics, Italy - Chair

Giuseppe La Rocca

National Institute of Nuclear Physics, Italy



iii INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG020), 20-22 SEPTEMBER 2010

Programme
Monday 20 September 2010

Conveners: Dr. Mattiew Woitsazkec and Prof. AntonioLagana

10:00 Registration and Welcome at IWSG2010

10:30 Woitaszek M.The TeraGrid Science Gateways Program

11:30 Coffee break

12:00 Kozlovszky M.Converting P-GRADE Grid Portal into E-Science

12:30 Bonaccorso FT,he Virtual Control Room: an advanced tool to bi@identific Gateways and
Support Virtual Research Communities

13:00 Lunch break and free time

16:00 Lagana A-Towards a Molecular and Materials e-Science Envinent

17:00 Venuti N.A Service-Oriented Interface to the iRODS Data Grid

17:30 Yudin Y.,An Efficient Workflow System in Real HPC organati

18:00 Gesing SWorkflow Interoperability in a Grid Portal for Motaillar Simulations

Tuesday 21 September 2010

Conveners: Dr. Denis Caromel and Dr. David Manset

09:00 Caromel D.Scientific Grid and Cloud Portal with ProActive Rdlel Suite

10:00 Szejnfeld DINano-Science Gateway development with Vine TaotkitAdobe Flex
10:30 Wewior M., The MoSGrid Gaussian Portlet - Technologies forlthplementation of
Portlets for Molecular Simulations

11:00 Orro A.A web portal for management of biological data apglications

11:30 Coffee break

12:00 Rotondo RA Grid Portal as an e-Collaboration environment myed by Liferay and
EnginFrame

12:30 La Rocca GA “lightweight” Crypto Library for supporting a nevdvanced Grid
Authentication Process with Smart Card

13:00 Lunch break and free time (Sala Ciclopi)

16:00 Manset DneuGRID, A Grid-based Neuroscience Gateway

17:00 Dooley R.Recipes for Success in New Science Gateway Devahbpm

17:30 Kruger J.Workflows and Analysis Approaches for Molecular &yics Simulations
17:45 Pierattini SFARO - The Web portal to access ENEA-GRID Computatilnfrastructure
18:00 IWSG 2010: Summary and Conclusions



iv INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG020), 20-22 SEPTEMBER 2010

TABLE OF CONTENTS

Balsko A., et a.Converting P-GRADE Grid Portal into E-Science Gadgs...................ccuuueee 1

Bonaccorso F., et alThe Virtual Control Room: an advanced tool to bi8lcientific

Gateways and Support Virtual Research Communities...........ccccoeeeeviiiiiiii e 7
Manuali C., et al.GridF: Empowering Scientific Calculations on their....................... 13
Venuti N., et al. A Service-Oriented Interface to the iRODS Data Grid...........cccccvveeeninnnen. 19
Yudin, Y., et al. An Efficient Workflow System in Real HPC organ@ati.............................. 23

Dziubecki P., et alNano-Science Gateway development with Vine TaotkitAdobe
[ PP 28

Barbera R., et alA Grid Portal as an e-Collaborative environment goed by
Liferay and ENQINFIAME...........ouuiiiiiiiiiii e eee e eeee et eee e et s s s s s e e e e e e e aaeeeeeesssnnnnneees 34

Wevior M., et al..,The MoSGrid Gaussian Portlet — Technologies forlthglementation
of Portlets for Molecular SImulations...........c.ovi i e e 39

Gesing S., et al\Workflow Interoperability in a Grid Portal for Motilar Simulations....... 44

Dooley R.,Recipes for Success in New Science Gateway Dewvatopm........................ 49

Orro A, et al. A web portal for management of biological data apglications............... 54

Rocchi A., et al. FARO — The Web portal to access ENEA-GRID Complniingstructure.. 60

Krager J., et al Workflows and Analysis Approached for Molecular Byrics Simulations..61






INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG 20), 20-22 SEPTEMBER 2010 1

Converting P-GRADE Grid Portal into
E-Science Gateways

A. Balaskd, M. Kozlovszky, A. Schnautigé| K. Kardckat, 1. Martort, T. Strodf, P. Kacsuk
'MTA SZTAKI,Budapest,Hungary,{m.kozlovszky,balaakogkka,imarton, kacsuk}@sztaki.hu
“Vienna University of Technology, Vienna, Auste@625482@student.tuwien.ac.at

Abstract—Nowadays there is an increasing need to

facilitate the knowledge and research tool sharingnd realize
effective high-level collaboration among members othe
same Virtual Organization. E-Science Gateways arehe
primary solutions dedicated to support such needsith E-
Science Gateways researchers can use grid infrastiuire to
run shared, well-tested applications customized ttheir own
research field. In this paper the development lifegcle of an
e-Science Gateway is described, role definitions af generic
gridification process is provided and the generalteps of the
application porting process are also identified. Inthe second
part of the paper a developed external module of Brade
Grid Portal called Application Specific Module is ntroduced,
which extends the portal’s functionality set. ThisApplication
Specific Module allows developers to convert a gerie P-
GRADE grid portal into a domain specific e-Science
Gateway. At the end of the paper two case studiesrea
detailed, to show the development and usage postiiies of
the Application Specific Module.

Index Terms—Grid computing, Grid portal, P-GRADE grid
Portal, E-Science Gateway.

I. INTRODUCTION

domain but usually they would like to use gridst develop
or port applications to distributed system, andythave
very limited knowledge in grid technologies. E-3we
Gateways are the primary solutions dedicated abglersuch
knowledge gaps. With E-Science Gateways non-gridraw
users can use grid infrastructure to run shared;tested
applications customized for their own researchdfifl].
Generally these solutions host a set of researetifgp
applications developed by (and for) the communégd
offer services through a unified user interface allgu
through a web-portal. Such an E-Science Gatewatalpor
has to fulfill the following requirements: it has tomply
with the specific demands, it needs to support dataing
and multi-user data management, it needs to hide
(completely) the complexity of the grid infrastruct. As
the end-users probably don't have knowledge abddsg
and they focus on their own research area, theioreaf
new domain specific applications, or the usage xidtieg
ones must be supported within their research avezaih.

Il. ROLE DEFINITION OF ESCIENCE GATEWAYS

We have identified work phases and various deve@apm
roles related to converting a generic grid pontab ian E-

N service grids users and resources are grouped ircience Gateway. We have defined the following ehre
community sets. Community management (membershygell-separated entities playing key roles in theedepment
and resource management) and the cooperation amdHifl usage of an E-Science Gateway:

group members are key peculiarities of such rekearc *

communities. In service grids the group that shresame
computing resources is called a Virtual Organizai{{gO).
Virtual Organizations provide a wide range of haadsvand
software resources for their research group memhé&ds
generally enable access to their resources through
defined gateways, which can be web based (likeafg)ror
user interface machines (Uls), both solutions nexpuin-
depth grid knowledge from the end-users.

Nowadays there is an increasing need to facilitate

Portal Administrator, who installs, manages and
maintains the web based VO interface: the generid g
portal. A Grid Portal Administrator has knowledgeoat
the grid portal server and about grid technologysdiUu
Interface installation, grid resource setup, etc.).

. Grid Application Developer, who ports (gridifies)
the application(s) onto grid infrastructure. A Grid
application Developer tests the application(s) aptimizes
it to be processed on the grid with the highestgperance.
The Grid Application Developer can use command bine

knowledge and research tool sharing and high levéieb based code compilation solutions to create the
collaboration among research group members. Howevapplication binaries. He needs to know the fouratetiof

several generic grid-portals are available worldeyibut
they provide functionalities for advanced grid-ssewho
are interested in grid-systems, and have knowl@uge but
not for general researchers, who are experts inagearch

distributed computing paradigms, and howto use grid
technologies (submit jobs, queries the informatigstem,
manage data on storage elements) and he needsvéo ha
research domain specific knowledge too. He develops
workflow structure on the grid portal and can shdre
workflow with the other members of the grid devedopser
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communities. any kind of knowledge about the underlying grid
. E-Science Gateway Developer, who receives thefrastructure.

gridified application(s) from Grid Application Delopers * P-GRADE grid Portal based E-Science Gateways

and creates an E-Science Gateway from the gridified o E-Marketplace Model Integrated with Logistics

application, where the possible users can paraipetand (EMMIL) is a three-sided e-commerce model that
run the successfully gridified application on theidg integrates buyers, sellers and logistics service
infrastructure. He creates an easy-to-use commaspégific providers, who all participate in the same negimtiat
web based user interface, and hides all the gpeas of process [12].

the ported application. He is in possession okitewledge o Seismology E-Science Gateway

developing in Java and Java Server Pages (JSPysamgl o Simulation E-Science Gateway

the services and JSP tag libraries provided bydgphidre Seismology and Simulation E-Science Gateways are
framework. described in more detail in Section 7, where casdies

Both type of developers should have a valid gridshow how the Application Specific Module was used.
certificate and access to the Virtual Organiza’eion’B LEAD portal
infrastructure. The developers need to work in &los™ b ) ) )
collaboration during development to share the igpur ~ Linked Environments for Atmospheric ~Discovery

part of the research domain specific knowledge. (LEAD)[14] makes meteorological data, forecast misde
analysis and visualization tools available to endra. The
Ill. GRID PORTALS LEAD Portal's "workflow" tool links data management

assimilation, forecasting, and verification appiicas into a

1. P-GRADE Grid Portal [2-4]: The P-GRADE Grid Pairt tsingle experiment.

(Parallel Grid Run-time and Application Developmen
Environment) is an open source, service-rich, workf C. RENCI Science Portal

oriented graphical grid front-end. It supports s The RENCI Science Portal [15] is a Teragrid Gateway
composed of sequential jobs, parallel jobs andieg@n and is available for all non-commercial academiesuand
services. The P-GRADE grid Portal hides the comiple®f  teaching efforts. The system enables large scale
the grids through its high-level graphical web ifdee, and computational science by running compute jobs on
it can be used to develop, execute and monitor flewk TeraGrid and RENCI resources, accessible via stensab
applications on grid systems built with Globus [BIGEE service. The RENCI Science Desktop is a Java Swing
[7] (LCG or gLite [8]) and ARC [9] middleware gpplication deployed using Java Web Start (JWS) uses
technologies. P-GRADE grid Portal installationsi¢gly RENCI's hosted standard web services (Axis2).

provide the user access to several grids, usimggéedogin. o
Workflows and workflow based parameter studiesreefi D LUNARC Application Portal

in the P-GRADE grid Portal are portable betweerdgri The Lunarc Application Portal [16] provides easgess
platforms without learning new systems or re-engjiimgy  grid resources for commonly available applicaticsh as
program code. More than 14 large-scale P-GRADE griMATLAB, Python, etc. The portal provides easy tceus
Portals are operating and serving the user comieanitf forms for each supported application where singhel a
international multi-institutional grids and grid el virtual Multiple jobs can created and submitted to the gundi
organizations in Europe and in the U.S. functions for controlling and monitoring jobs ardsa
2. UCLA Grid Portal [10]: as an educational griciad —available.

provides a single web interface to those computatio

clusters that have joined the UCLA Grid (includicigsters V. E-SCIENCE GATEWAY DEVELOPMENT LIFECYCLE

on the TeraGrid). In case of P-GRADE Portal a theoretical E-Science

3. EnginFrame [11]: Grid and Cloud Portal delivaccess Gateway development lifecycle was defined with the

to Applications, Data, and the HPC compute farmid(gr following main steps.

cluster, or cloud) through a standard web browser, 1.  Portal Administrator installs the P-GRADE grid

developed by NICE. Portal 2.7+ core server equipped with the Applaati
Specific Module on a User Interface machine, whinats

IV. E-SCIENCE GATEWAY EXAMPLES AROUND THE WORLD  peen already pre-configured and connected to aifgpec

A. P-GRADE grid Portal based E-Science Gateways  Virtual Organization. - o
Many scientific and non-scientific gateways were 2'. Crid Appl|_cat|_on Develpper creates the gridified
developed in several domains. Each gateway explbits version of the application, compiles the sourceecand sets

possibilities of P-GRADE grid Portal via a simpéei and UP In€ running environment of the application. Henages

specialized web-interface to meet the end—usergnd transfers the input and intermediate data @ets the

: . Storage elements, if required. He develops the fiawkof
requirements. In all cases the end-users don't teédve the application and tests/evaluates the runningthef
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application, he also optimizes the fine tune of the consistent Hibernate database. E-Science Gateway
application to achieve the best performance pasgibithe Developer must inherit a new class from these,ipddor
distributed infrastructure. Then he provides theisfied the application, and use that ones during the deweént of
workflow and the received community requirementshe required functionalities. With this method Grid
(infoutput/visualization parameters) to the E-Sceéen Application Developer can also develop new funcildies
Gateway Developer. without any modification of the original code.

3. E-Science Gateway Developer identifies the
necessary visual elements (data tables, buttonsuy reets),

descriptor of services and portlets specifically fihe Y S N [P
application. Then he develops and integrates ttoermation 7 —
into web-portlets according to the requirements tioé / ' -
community. iE

4. Grid Application Developer publishes the #PP_SPECUSsPrstarences

application using a pre-developed portlet of thepligation nn d

Specific Module. aor _srecmsanes [ "L aon coecessapmon
5. From that point, the finished application specif —

web interface of the E-Science gateway is availétighe Figure 1. Application Specific Module internal structure

end-users of the research community, and the eed-ase

able to parameterize and run the research domaicifep B. Provided interface

application without any grid knowledge with theirelw The Application Specific Module (java part) provide
browsers. simplified API for all the P-GRADE grid portal séces,
therefore the E-Science Gateway Developer doeshanod
VI. APPLICATION SPECIFICMODULE to know the inner structure of the whole P-GRADEdgr
In the P-GRADE grid Portal a special portal extensi Portal (e.g. java classes or objects). The APlet®the
enables the development of new E-Science gatewdys. whole life-cycle from the publishing till the dovedding
special extension called Application Specific Magul phase of the results. Using this API, e-Scienceevgay
which provides an easy-to-use solution to convéwt t developers can reach the list of the publishediegipbns of
generic P-GRADE grid Portal instance into reseawimain all the Grid Application Developers. A new applioat can
specific E-Science gateway. In this part of thegpape give be easily created from the published ones indeplyde
a detailed description about the Application Specif from the user-space. With that solution the useas c
Module, and describe how the module can be used pprameterize the generated application and manhge t
developers. application starting, status checking and applicatiesult
L o handling (downloading) easily. In certain cases Ilasic
A. Structure of the Application Specific Module functionalities should be extended with specifie®r(for
Application Specific Module consists of two mainexample managing remote-files through a self-depeslo

components; script-layer is used for installindetiént parts portlet such cases are also supported by the API.
of the module (data tables, services, portlets), the Java-

layer is used as API during the development of web- C- Usage
interface (see Figure 1). Application Specific Module supports two scenarits.
Basically the scripts are used for installing thdhe first scenario (see Figure 2), the user createew
Application Specific Module to an already pre-ifistéh P-  application (called instance) from an applicatidratt is
GRADE grid Portal (2.7+). During the installatiorspecial published by the Grid Application Developer. Namely
portlet (called Publish portlet) is installed intioe portlet published applications for specified users (Gridokgation
repository of the P-GRADE grid portal instance. $Thi Developers) must be shown to end-users who musblee
portlet is a handy tool of the grid application dieper, who to create a new one from a selected applicatio@nisther
uses it to open up and publish the newly developgbint of view it means that an object for this new
application for the whole portal user community.rthar application will be created and stored in the Hilsde
more the data table management of the applicapeciic =~ database. Then he/she can create this applicatithreifile-
future portlets, and the registration of serviced ortlets system by copying and modifying the published agapion.
are also maintained by these scripts. The most iitapb Later on the users will parameterize and manageribivly
part of Application Specific Module is the Javaday generated application instead of the published one.
namely the Grid Portal Developer can use this a8Rinto
develop the specific web-interface for the appitat As
each object of two specified classes (APP_SPEGiosta
APP_SPECUserPreferences) will be stored in anriater
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[ Convection (NMMC3D) [17] application will be desoed

—[ Createnew ]—.[ 3@1:;5] more detailed, which is calculating mantle comati
models in 3D Cartesian domain. The main goal o$ thi
Parameterizng andor wioad_ application is to study the structure and the sarfa
: manifestation (topographic and geoid anomalies)ttef
mantle plumes. The application is focusing on miodehnd
running nume_rical analysis of mantle gonvec_tion and solthg.
umning equations of thermal convection with a partly fnit
ﬁ_l_ CI] difference, partly spectral scheme. With the hefptre
Instance automatic plume detection algorithm, it is possilite

error [R_

escue Instance

monitor the characteristics of individual plumeseevin
chaotic convection system, in large provinces, &hh
resolution, but this needs large computational ciypa
@;E e Farallellex.e_cution of the appligatiqn reduces taening _
ime significantly. The application was ported in

cooperation by the Geodetic and Geophysical Rekear
Institute of the Hungarian Academy of Sciences (HGRd
MTA SZTAKI, and the GUI modules were developed and
integrated into the P-GRADE Portal based Seismolgagy
Science Gateway.

During the development of the NMMC3D workflow the -
Parameter Study feature of the P-GRADE Grid Poxtad

finished

Figure 2. Usage scenario 1

In the second scenario (see Figure 3), users wikgdo
parameterize or manage a previously generatedcagipl.
Namely users must be able to load an existing egitin,
and generate a workflow for it, parameterize or agenit
depending on which step has been done previously.

exploited with usage of a special (so called Autmyator)
_[ Load Exsing }__,[ cenerae | job. The Autogenerator job generates a set of irjes
from some pre-adjusted parameters by a Descartes
| Parameterizing andlor uploas J————————— multiplication. The Seismology E-Science Gatewayswa
— created using the Application Specific Module of P-
—— (S GRADE grid Portal 2.7. Due to the strict grid segur
; constraints, end users should posses valid certfido
piv— ] utilize the E-Science Gateway. After login, therssshould
[ i create their own workflow based application insemc
i ! which are derived from pre-developed and well-éste
i I [ S”Spe"dl'"s'am } — workflows (the NNMC3D interface is shown in Figutp
@ 1) m-mmmom @ R
@'@ 1 Delete Instance J L V\\:J/ij = e

Figure 3. Usage scenario 2

VIl. CASE STUDIES

In this section 3 different e-Science Gateways are
introduced, that are developed using the Applicatio
Specific Module. to confirm the power of the fulctalities L
ofpthe API. In all Gateways’ casé)end-users intévas (e.g. Input parameters of the NMMCSD application such as
creating new instance, parameterization, executiam be e “Rayléigh numbers” (Rayleigh number), the *Diss
covered by the usage scenarios detailed in theiquey (ViScous dissipation), the Heat (internal heatirgni the
section. number of iteration can be set on the user interfac

Figure 4. Measurement creation interface

A. Seismology E-Science Gateway

The Seismology E-Science Gateway operates withén th
Seismology VO of the SEE-GRID-SCI infrastructure,
provides unified GUI of different seismology applions
(such as NMMC3D, SRA and FPS) and provides end-user
access indirectly to the South-East European seismi
databases.

In this paper only the Numerical Modeling of Mantle
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B. Simulation E-Science Gateway

Simulation E-Science Gateway is working with the
workflow based version of the OMNeT++ framework.
OMNeT++ is an extensible, modular, component-based
C++ simulation library and framework that was diel
using P-GRADE grid Portal’'s Parameter study medmani

To enable the execution of the model as a parameter
study application, the "Automatic Parameter Input
Generator" element of the P-GRADE grid Portal wasdu
On the web interface, end users, who are not grid
- professionals, are able to upload their configoratand
e T T topology files, setup and submit their model inte grid

Figure 5. Execution and Download interface infrastructure. (In this version, the end user caraccess
and change the compiled binary.) The results prediuzy
After the setup of all input parameters, users s@ant the the submitted simulations are downloadable by nbwed
execution of the NMMC3D application, without anyprowser manually. The developed e-Science Gateway
knowledge about the totally hidden grid-infrastiretand  contains four main views (portlets):
middleware (shown in Figure 5). On the registration portlet users should registesirt

After application processed successfully on thed griselves by typing their valid e-mail address andapt&ha
infrastructure users can download the result fiesa (Shown in Figure 7) Then the porta| sends aut(ﬂaw an
compressed format, and the web interface can cotiver e-mail that includes a one-week-valid personaligattway
generated files to picture and show them direatlythe access to the user. Following the link, users can
browser (shown in Figure 6). automatically login and use the Simulation E-Scéenc

Behind the scenes new services are developed fgateway.
managing the file-transfers between the portal rimechnd On the “Upload inputs” portlet the end user canoagl
the Storage Elements automatically. The basic cesvdf the queuing topology and configuration parametégsfi
Application Specific module were extended to previdoverwriting the default files, can select the ine®xor
facility for them to visualize the output files std on the jnterval of indexes to run, and can add time-litidta for
Storage Elements. Therefore new application (caleJi the execution. Because the end user can not acress
was installed on the portal server to convert terdoaded change the compiled application within the workfloke
output files to pictures. When users instruct thebw does not need to have a certificate to executavtirflow
interface to convert the results, the portal dowdb the gn grid infrastructure. An automatic third-party opy
selected file from the Storage Element (about 8 MBlertificate can be used for submission. The SironaE-

extracts it (it will grow up to 100 MB), convertsto picture  Science Gateway is using automatic proxy certificat
using OpenDX [18] and ImageMagick [19], and serfés t renewing mechanism.
file to the browser to visualize it.

100.0%

wledee vl
preciade thMTASZTAK! eseh it o oeodng s oher ey vl 1 4o e, o
in any jursdict

More informa
S ———
MTA SZTARI Grid Applcation Support Centre: by

+ Kodovszky, Mids, Balasks, Akos and Varga, Andris (2009), ‘Enabling OMNET++-based similtons on Grid
*, M. dngs ofthe 2nd International Workshop on OMNeT#+ (hosted by SIMUTocls
publication

« Gergely Sipos, rky, Akos Balasks, Andris Varga, "Enabling OMNET+ Simulations on the
Grid" EGEEU T mmZDO?OBOSC atania publication

The ac one OMNET++ similation. Af
formn you shor e details of your ac jou bave any problem with the se
‘peportal@lpds sziaki b

E-ruail address

et Hnsiy

Subrl |

Figure 6. NMMC3D result visualization Figure 7. Simulation E-Science Gateway registratiopage

On the ,Execution and download” portlet the endrusn
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execute the previously parameterized model by glesin information is available albttp://www.shiwa-workflow.eu
button with its parameter field. As the output dilare This work makes use of results also produced byStEE-
generated in parallel during the execution, useasm cGRID e-Infrastructure for regional e-Science, ajgrbco-
download them (shown in Figure 8). On the userrfate funded by the European Commission (under contract
some external tools were also used: to avoid neoai&i number 211338).
usage of the E-Science Gateway, a google-developed

kaptcha was included in the registration form arab@e
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In this paper, we have described the developmefi#]
lifecycle of the e-Science Gateways, and we haveiged [12]
role definitions of a generic gridification proce3fie most [16]
important role in our point of view is the Grid-Apgation
Developer, who is doing the application gridificetj and
the E-Science Gateway Developer, who creates cigdm
web-interface with specialized services aroundgtdified
applications for the research community. We have
enumerated some of the available generic grid port
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Abstract—The Virtual Control Room was born as a
Grid portal to access and control remote instrumergtion. In
its current form is an advanced tool to build scietific
Gateways and support Virtual Research Communities.
Based on powerful open-source web2.0 technologiethe
portal provides a complete collaborative environmen This
environment enables users access the e-Infrastructiin a
secure, remote, and interactive manner. A powerful
application development environment and the integraon of
workflow engines hides the complex details of the-e
Infrastructure making it transparent to the users; thus
allowing them to concentrate only on their core job doing
science. The portal can be useda$ is” or fully customized
to support the specialized needs of a specific saiiic
community. An embedded tunneling technology and the
application launcher allow a simplified integration of
additional resources. After an introduction of the main
features and components of the Virtual Control Roomwe
describe the application manager and explain how th tool
can be used to support scientific communities witlexamples
spanning from environmental monitoring, to earthquéke
research to experimental science in a Synchrotron &liation
Facility.

Index Terms—Scientific Gateway, Grids, Clouds,
Scientific Portal, Grid Portal, Remote Instrumentation, Virtual
Research Communities

I INTRODUCTION

HE Virtual Control Room (VCR) portal has been

originally introduced in the GRIDCC project

(www.gridcc.org. Following the completion of the

The VCR is the main user interface adopted by tRERD
project. DORII focuses on application from threfedent
fields of science (Experimental, Environmental,
Earthwuake). The VCR portal has already been safidgs
applied for applications like the on-line and batdata
analysis in experimental science, oceanographiccaadtal
observation and modeling (using imaging or through
Mediterranean Ocean Observing Network), Network
Centric Seismic Simulations and Earthquake Earlynivig
System.

At the time of GRIDCC the focus was on remote opena
and control and the name VCR was appropriate. Nuav t
system has evolved considerably and the explitéreace

to the term Control even if appropriate seams radilgy.

The VCR is an open source Grid portal that allowsrsi to
search, discover, browse, control and manage Grid
resources (e.g. job and workflow submission, crédken
management, file transfer) including remote
instrumentation. The VCR provides a collaborative
environment. It incorporates a set of groupwarelstan
support of scientific teamwork such as people bewyws
skype integration, e-logbook and wiki-like help t®ym.
VCR assures simple user credential management,c&upp
for MyProxy and VOMS.

As shown in the following picture the VCR integrat®ith
the Grid via a java common library developed witiire
DORII project.

GRIDCC project, the development of the VCR has been

continued by the Scientific Computing Group at &ititone
Trieste S.C.p.A. The VCR has been further developside

the DORII project vww.dorii.ey by the same team. The

DORIl — Deployment of Remote Instrumentation

Infrastructure — project aims to deploy an e-Irfiasture

where instruments, sensors and scientific equipment

integrate with computing and storage resources.
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’k o R . certificate  has the correct VOMS attributes set
/ jon ™ automatically. Integration of the scientific ingtmantation is
WiMs VCR || @D provided through a graphical Instrument Elemermntli The
it o P - VCR's tunnelling allows for remote access to thgatsy
| /\@glogli/\” control system and supports interactive applicationugh
i SO s visualization of the GVid client in a user's browse
et & pnikailn VCR is structured in modules (Core Module, Instratse
~ T Remote desktop, Logbook) so that only the desicedst
/ia N . . . . .
Common iy ( cien)  gecipse ) may_be installed. In this section we will descrihemore
S detail some of the features and components of BB.V
aea A.  People browser
P o e Selecting the People tab, a table containing #teofi the
- GWL'E,U ] w5 ] o ] i o ‘”"'SHLFC’// B VCR's registered users may be seen. The tableineraBso
S s personal information like the user's full name, &im
Figure 1. The VCR in the DORII Architecture address, Skype contact and Skype status for eahthest

~ has provided the necessary information during the
The Instrument Element (IE) component providesegistration procedure. If you have Skype cliestalied on

extensibility by allowing the inclusion of such dess as your machine, you may initiate a call by clicking the
scientific instruments and sensors in the datacedton yser's Skype-name in the table.

process. In other words, the Instrument Elemerressmts a

virtualization of data sources in a Grid environimen B.  Resources Browser

The main goal of the IE middleware is to providensswith The resources browser contains a list of all abddla
a simple way of attaching their scientific instrurtation to  resources, grouped by type. The Resource Browséves
glLite-based Grids. The IE offers a common interfé@e the information from the Information System basedtioe
accessing instrumentation. Instruments and sensoes Berkeley Database Information Index (BDIl). The
interfaced via Instrument Managers that allow cotioes Resources Browser supports more than one BDI! ksite
to physical devices or more precisely, their cdrgystems. oy for redundancy. In addition, it may contais@some

A Ing.e Vﬁ”egR:fb smelr_]tlﬁcd instruments  and serf{;or static resource entries. Through this componensea gan
including the eamiine deteclors, cameras, tso browse and select the resources available in the

various types and environment monitoring deviceseha .
yp g Infrastructure, namely Instruments Elements, Coingut

been successfully attached to the gLite Grid amdotely .

accessed via the Instrument Element middleware. Elements, Storage Elements, Resource Broke_rs_a}aad Fi
Catalogs. Moreover, in the resource browser usdfdind

Portal File System resources. By selecting a resolisted

) ) in the Resource browser, the content of the resoisc
The Virtual Control Room (VCR) is an open sourcebwedismayed on a specific component.

portal that allows simplified access to the gLitgidG

resources. The current VCR implementation is basethe ~ C.  Storage Portlet

latest version of Gridsphere 3.1, Google Web Taolki The Storage portlet allows you to perform traditibfile
(GWT) and the DORII Java Common Library for accegsi system operations (e.g. browsing, creating andtidgéiles
Grid resources. The GridSphere portal framework/idgs  and directories, uploading files and downloadirgsfiand

an  open-source  portlet ~ based Web  portg}jrectories) on remote directories that are locaiadVO's
(www.gridsphere.org). Its portlet APl implementatiois Storage Elements.

fully JSR 168 compliant. Google Web Toolkit (GWE) & The LFC (LCG File Catalog) is a data catalog covitaj

development toolkit for building and optimizing cplex logical to physical file mappings. LFC catalogs aranaged

browser-based applications. DORII Common Libra%
. : ; L . y the Storage Element portlet. User space andceSisgrace
(DORII CL) is a Java client library for accessingtg Grid on the VCR are also managed by the Storage portlet.

resources.
VCR integrates DORII Workflow Management System and D, Instrument Control

an internal - Application Manager. It customizes USer ggjacting an IE from the Resources Browser, the VCR
enviranment infroducing tags for user-applicatioapping. opens a session and delegates user credentidie 1& t If

Registered portal users may access Grid resourogsthe the operation is successful, the Instrument Managér

VCR using their personal certificates, or the parteobot appear in the Instrument Control portlet. The ilifeg of the

certificate, the latter an approach proved to betnuseful . -
for occasional users of the infrastructure. user proxy on the IE is less then the original prox
contained in the VCR.

Users are linked to the various projects through WCR ) ) o
tags so each user is presented with the correctoket According to his/her privileges based on the VOMIBs,

resources that he/she is entitled to use, andemigioxy @n user may issue commands to the instrument. Aialpe

Il. THE VIRTUAL CONTROL ROOM
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type of commands that trigger state change upoir theshowing only the Help topics. A third portlet oftimodule

execution are called transitions. Transitions ah®ws

is used for editing keywords, categories visible/da users

separately from other commands. The list of avédlabwith administration privileges.

commands shows only those that may be executeblein t

current state. The state machine is representisguiment
Manager settings, not the actual instrument staehine,
although the two may coincide.

Reading instrument output (variables or attributes)
always permitted. The VCR refreshes the IM varialy
polling the IE at fixed time interval. In alternas, JMS

H. Tunnels

The VCR provides a tunneling service, which allaws
view legacy instruments that do not present a wédrface
and are often hidden behind firewalls. Moreovertp ht
servers otherwise unreachable from the outsidedwmmidy
be accessed using the type of tunneling providedhiey

monitoring may be activated on single variables bYCR as well as the video streaming over the htymril

subscribing to them. Graphical clients may moniftoth the
variables refreshed by polling and those that awMS
events.

E. Computing Element and Resource Brokers

configuration and execution is controlled from Remote
Desktop module. The front end for the tunnelingvieer
consists of two portlets, a Wizard and a Viewere Tunnel
Wizard is available only to portal administratorsdait is
used to create, modify and destroy tunnels. HTTIRC\And

The Computing Element portlet is active when &eneric wizard are available. The Tunnel Viewernshthe
computing resource (Computing Element or Resourdist of available tunnels and allows to select estdrt a

Broker) has been selected from the “Resource BndwHe
allows the submission of jobs to the specified uvese and
monitoring of their status. In the portlet usersyrsae a list
of Jobs that have been submitted to the compuéegurce.
Job submission is facilitated by a wizard that @ppevhen
you select the “Create new Job” link. Starting frime top
of the portlet and going down, job submission fawmtains
respectively the name of the computing resourcecsad, a
status window, the wizard and the list of Jobsc@se the
Job is parametric the whole job tree is displayed).

The wizard prompts the users for all the input eeetb
create a JDL file: job description, type, executalfile,
output and error files, inbox and outbox files. Maover, the
Computing Element portlet takes advantage of thbaody
engine of the VCR and allows the users to optignsdilect
the scripts to be executed before and/or aftejothdifetime

tunnel connection to the target service.
Il. THE APPLICATION MANAGER AND APPLICATION
DEVELOPMENT

The Application Manager allows developers to prepar
applications by means of XML files, a set of spiecif
components and the Jython scripts.

These XML files are defined by a particular XSDatesl
by the VCR developers which associate to every tag
particular Ul graphical element ( eg text boxeeefHTML
etc ) or services ( eg Tunnels ) All the functiitres
available in the VCR can be used programmaticabytke
internal Jython engine. Thus the Application Manmage
allows customization without touching the VCR imtais
making thus the Grid and the e-Infrastructure cetaby
transparent to the end user.

with the required parameters. Once the the “NEW "JOB

form has been filled, in order to launch the jolssar should
press the “Submit Job” button. JDL file will be geated
and then submitted to the Grid.

Form the Job list users may see the status ofotheupd
control the job execution: Users can cancel thegot get
the job output once the job is finished.

F. Workflow Management Systems

A. Application Development

From the development point of view, an application
consists of a folder containing an XML file thatsdebes
the structure of the application and a folder chliripts'
that includes the scripts, hamely the applicatiomgonents
or steps. We shall use the terms step and scripbsl
interchangeably in the following description.

During the execution the application starts withiritial

System. The Workflow Manager System sub-tab allowg, the other till it exits. Depending on how theplipation is
users to select a Workflow Manager and to start thgeyeloped, the user can decide to move back artt for

Workflow Manager Editor and Monitor. All the intastion
will occur through the Editor and Monitor that torn
communicate with a Workflow Engine.

G. E-Logbook

The logbook module offers a simple forum-like ayilfor
posting logs and holding discussions. It allowsrsise®
browse posts, start new discussion threads, raplyhé
existing ones or edit wiki-type help posts. Vismation is
dived into two portlets: Logbook and Help, the datt

between the different application steps, repeatep $an
auto-repeat feature is available too), cancel th@i@ation,
skip specific steps or move to a specific step lie t
application flow.

Normally, at each step a script is executed by\a&R
application engine. The application engine is baseda
Jython interpreter that can call an available Jdrary, in
particular the DORII Common Library and hence asces
and use the e-Infrastructure. An XML file that def an
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input form and the associated action describes eabtoreover all this knowledge should be organizedain
application step. The user input collected in tlwemf coherent way, in order to share and to improve eoatfon
variables is passed to the Jython scripts or jdimsssion between specialists in such different fields. Thecomes of
and monitoring component. Steps may be set reldadab these activities result in smarter design critesiafaster
allow a simplified form of monitoring. The user cgpecify damage assessment procedures. Having this in mind,
the Jython script to execute before reloading, elimg a EUCENTRE proposed two applications, Network-Centric
step or exiting the application. Seismic Simulations (NCSS) and Earthquake Earlynivar
System (EEWS) that are target of this evaluatioasphand
o ) focus on the two aspects stated above.

Application scripts are structured as a sequenceThe Network-Centric Seismic Simulations (NCSS)
containing a description, an include section (tdoval applicaton gives remote access to some basic
integration of generic html), an arguments sectiofgirymentation (an actuator, a load cell and some
containing input or special fields (generally usedollect  gigplacement transducers) giving the possibilitypésform
user input) and a service section used to actisperial  giress tests on a wall. Everything is integratetheDORII
Services. framework to run a model solving the reverse force-

Scripts' form arguments named with a specif@@ne>  gisplacement problem (drift control) and estimatitige
(e.9.SE_FI LE_PATH) are accessible in the python scriptsnaterial parameters of the wall under tests. Coatjuuts
as variables with the same name. Some variables @ performed on the CEs and results are shared. Th
automatically set by the VCR. These inclUdSERNAME,  Earthquake Early Warning System (EEWS) application
PROXYPATH, SCRI PTPATH containing respectively the monitors in real time a seismic sensors networkdbgass
user name, the path of the user proxy, and theutivec filtering the signals and detecting a sudden irsgeia the
path of the script. Each application when execigedin as ground velocity. In case more nodes meet the same
a separate instance in a separate file space. girdython conditions in a short time interval, then a pot seismic
scripts users may program complex applications ssicg wave have been caught. The user to analyze in detes!
all the features of the DORII Common Library and bythe interesting portion of the seismogram and dlarize
adding 3rd party libraries, the capabilities may fogher the P-wave, having a visual feedback and the detdithe
extended. event, can launch a semi-automatic procedure.

Understanding the environment requires a quite ¢exnp
setup in terms of sensors and modeling, with playsic
chemical, biological and other complex phenomena
involved. The common needs of the environmental
community are: monitoring and collection of obs¢iafs at
geographically distributed places, consolidation d an
transmission of data in near to real time, remotegssing
of data and comparison with current models to impro
their predictive value.

B. Application Scripts

C. Using Applications

Users have to select the “Applications” tab andgélkect
the Applications sub-tab. The “Available applicatd
portlet lists the applications that a user may ssdmsed on
his/her associated tags. User may start an applicéty
selecting the corresponding “Open” button. The et
applications portlet” lists the applications thhe tuser has
currently opened. A specific application may bewed by

selectirlg the co_rresponQinq"‘View” button. The Oceanographic and Coastal Observation and
The “Application monitor” portlet shows the stepstiee  \j5qelling Mediterranean Ocean Observing Network

selected application. Users move from one stepna@ocother (OCOM-MOON) application involves a network of
by pressing the navigation buttons (Next or Badk)ey ,ceanographic detectors passively following thecseeents
may exit by pressing the “Clear application” buttde j, the Mediterranean basin, providing data that lbarused
application also exits after the final step has nbee,yeratively by research institutions to monitor tea state
completed. During the execution of a step, the oaersee ,nq 1o drive numerical models to obtain forecaststhe
the script output and errors by pressing respegti#ee 45,5 Bench application the oceanographic and abast
“View script output” and “View script error” buttom the  ghqervation and modeling is done using imaging. s&he
‘Application monitor" portlet. applications require interactivity, collaboratioaccess to
instruments and to the existing e-Infrastructur@nil@r
V. USING THEVIRTUAL CONTROLROOM TOSUPPORT  iieqrated sea monitoring systems, deployed withhad
SCIENTIFIC COMMUNITIES instrumentation, can be adopted in coastal enviemno
The VCR has been used as the scientific gatewafl to control the behavioral evolution of the main phgsic
the DORII communities and applications. processes that characterize this environment, deroto
The seismic community is quite broad and includesiyn safeguard the coastal settlements. The Ecohydros
disciplines: it is interesting to understand hovbulding application has the goal of monitoring of inlandteva and
behaves during an earthquake as well as to stepdture reservoirs.
of the event itself, evaluating the impact on a leharea. Experimental stations in facilities like Synchratsoand
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experiment and receive feedback at any stage; aften

data need to be analyzed on-line, which requir§§gin off and re-login in. The input and output datasets are

considerable computing power and often teamworke Th

problem is even more difficult considering the mased
efficiency of the light sources and detectors. @lex
calculations are required to take diffraction imagend
convert them in a 3D protein structure. Similadgmplex
calculations are required to calculate tomograpiy #nen
perform an analysis of the result. The results lodse
analyses often need to be visualized by a disethteam
and used to modify interactively the data collettitrategy.
Data from instruments and sensors are saved irbdistd
repositories, computational models are executed fiaally
an interactive data mining process is used to eixuraeful

stored in Storage Elements (SE) that can be brovrsed
the web portal. In addition to the above the usay rstart
other Applications that make full use of the Gridstandard

manner. These may include online anffliree, single,

parametric, MPI, and interactive and any combimatio
permitted from the gLite, the Common Library and tlest
of the technologies developed during the DORII gcbj
Finally the scientists may use features like thghbok for
note-taking purposes while using PSGen. The folhgwi
picture describes the user experience with the W@R the
PSGen online processing application.

knowledge. Applications for the SAXS, the SYRMEP
beamline, the Tomolab and the XRD beamline of the
Synchrotron Radiation Facilty ELETTRA have been ;M;ﬂ,:mW,,,,m,
developed. The following picture describes the SAXS|as

| vt

application.

VCR Application Manager Worker Node (CE)

VCR starts the job
_—_

Eewg,
L]
LJ

Fit2D runs
on the CE

Fit2D GUI [0
tunneled |-
tothe VCR | -

| R

W\

Ly

Acquired
Data (SE)

Fit2D
Application

Figure 2. The workflow in the SAXS application

For the SYRMEP beamline and the Tomolab w
developed a set of online and offline processi
applications. The computation takes place in a iafigc
designed Instrument Element running on a dedicsystem
based on virtualisation. The users access thecapipin via
the same application manager but the applicatioquite
more responsive and interactive. There are vario
“logistics” in the process that the middleware &kare of.
It has been observed that there are quite higmdate
during the job submission phase. These latenciesefidain
applications are not a problem but for other they @he IE
controls a Computing entity, the PSGen applicatigithout
accessing a traditional CE. This irregular use lé tE
demonstrates a case where it may even compute & m
precisely: steer a computation. Applications, caa
accessed from the users that have access to piaitaig
into account most of the fine Grid-related secucityitrol,
like Certificates, VOs, and the VCR-side TAGS. TI8&Rn
user can start the application at the beginningthef

n

u

Figure 3: The user experience with the new PSGen plication

In the XRD application the user selects dataset and a set
of relevant parameters and each new acquired inmge
transferred from the detector to the storage awndgssed.
The application implements a simple workflow of two
computing steps are executed in sequence: the ifirst
actually a multi-step computing activity, namelyetkds
application implemented using openmp that takesataset
of diffraction images (typically 180 if the k-gamneter
step is one degree to even thousands if the k-guatir
step is a fraction of a degree) and produces irddiae

"Sles and a second step that takes the produdteofitst one

dnd produce a HKL format structure factor filettban be
passed to more advanced steps performed offliihe. final

goal is to solve the structure, that means, find 8D
structure of the sample where most of the functiona
psroperties reside. But, discovering the 3D striectisrquite
complex. It may involve different techniques thambine
different datasets (each one acquired at a spegifaton
energy) or comparing the experimental data withingnl
databases and similar cases or trial an error titera
processes where researchers use their knowledge and
experience to guess the 3D structure an then cenpair
8roposals with the experimental evidence. All thesps

are normally performed offline. To support the ol
processing users of the beamline the workflow syste
taverng an open source and domain independent Workflow
Management System has been used. Using the VCR a
distributed team of researchers can remotely acaiéshe
acquired datasets, control the beamline via tuimgehnd



execute workflows using collectively Grid resoureesl the
other database resource available online like thtem data
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bank.

We have described the Virtual Control Room an ope
source web portal that can be used to implemerbmized
gateways to support the specific requirements tfhsfic

communities. The tool has been used to implemen

V. CONCLUSIONS

scientific gateways for many different

communities, a large number of applications andugeh
user base. Through the VCR the user can interdgtiv
access and operate on all the resources availaltleei e-

scientific workflows that hide completely the détaaf the
e-Infrastructure thus allowing the users to beadistfrom
the complexities and technicalities of the ICT asftructure
and concentrate on the core of their job: doingra® of

high standard.
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GridF: Empowering Scientific
Calculations on the Grid

C. Manualt, A. Lagan&
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Abstract—Grid empowered calculations are becoming
an important tool for scientific advances. The posbility of
simplifying and harmonizing the work carried out by
computational scientists using a Web Service apprch is
considered here. To this end, a new Collaborative 1@l
Framework named GriF has been developed and validat to
run on the Grid by considering as a study case quamm
reactive scattering codes. Its use as a tool of Boce
Gateways to facilitate massive calculations also the end of
improving scientific collaboration is discussed. Acordingly,
a preliminary study on how to profile the users ofVirtual
Organizations in order to pave the way to a systenta
evaluation of the work carried out in Grid and to fostering
its sustainability, is presented.

Index Terms—Grid Frameworks, Quality of Users,
Quality Evaluation, Reactive Scattering, Science Gaways,
Service Oriented Architectures, Virtual Organizations, Virtual
Research Communities, We Services.

l. INTRODUCTION

this reason, we have designed a new collaboratikid G
Framework based on the Service Oriented Architectur
(SOA) and on a Web Service approach [5] that siinagli
and harmonizes the work carried out on the Gridfqula

by geographically dispersed computational sciestist

The new SOA Grid Framework (called GriF) providas t
users with an efficient and easy to use workflovatth
enables the running on the Grid of distributed o@1s of

the scientific codes. GriF has been first developeadun
some components of GEMS (a Grid Empowered Molecular
Simulator) [6], [7] and in particular the quantunechanical
atom diatom reactive scattering codes like ABC [8].
However, GriF can be easily generalized and incated

in Science Gateways [9].

Moreover, GriF can make use of the outcomes of the
existing Grid sensors to perform quality analysasell on
the profiling of the users and can be adapted db tave
elaborate the outcomes of new Grid sensors (see
example ref. [10]). This is because GriF puts thers at the
center of the action as a point of generation,girg&on,
control and evaluation of the computational adegit

for

I HE growing popularity of distributed computing Accordingly, the paper illustrates not only theusture of
has fostered the formation of Virtual ResearclGriF but also its quality-evaluation functionaligieby

Communities (VRC)s. VRCs not only share hardware ardiscussing the profiling of the users of ABCherefore, the

software on the Grid computing infrastructure bilgoa
develop new approaches to collaborative reseatgimgeon
the contributions of the users. This is what hasuoed
within the Enabling Grids for E-sciencE (EGEE) Epgan
project [1] and has stimulated the birth of specétientific
organizations committed to the design and impleatént
of collaborative computational endeavours on disted
platforms [2]. An example of this is
Organization (VO) COMPCHEM [3]
together several scientists operating in the fidlcholecular
sciences and that we have taken as the referenoewoity
for our investigation. Such trend has been conatdidi by
the recent launch of the European Grid Initiati#&s() [4].
An important task of COMPCHEM within EGl is, in tato
support its members and users in building collaibara
computational initiatives leveraging on complemeityaso

as to tackle the study of highly complex systemhisT
makes Grid empowered calculations a tool of primary

importance to the end of fostering scientific acvem For

paper is articulated as follows: in section Il thein
features of the ABC code relevant to its implemgotaas a
Java Web Service are singled out; in section li¢ th
implementation of the collaborative SOA Framewon{FG
is described; in section IV a first implementatioarkflow-
enabled of the Web Service interface for the ABGgpam

is illustrated; in section V a user profiling cldgstion is

the Virtual discussed. Some conclusions and ideas for futuré e
which gathers outlined in section VII.

Il THE ABC CODE

The ABC quantum reactive scattering program adapts
Time Independent (TI) approach to the calculatidh o
detailed reactive properties. The Tl method is base the
integration of the stationary version of the Sclmgdr
equation for the nuclei at a fixed value of totakryy (E).
To integrate the stationary Schrdédinger equationisit

! Fundamental to this work has been the interacfid] with the
research group working on monitoring the Grid amdléveloping related
sensors at the Centro de Supercomputation de HHESGA, Santiago
De Compostela, Spain) [11].
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necessary to define a proper continuity coordifegaction The first loop is followed by a second one genatatihe
coordinate) smoothly connecting reactants to prtsducenergy specific partizﬂiJ matrix elements. Inside this
Then, on a fairly dense grid of points (the intéimaluded second loop an inner recursive loop repeatedly aafes
between two adjacent point is called sector) takeng the the solution from smaljp values to the asymptotes.
reaction coordinate the eigenvalues and the eigetifins

(basis functions) of the Hamiltonian of the boundtes . THE GRIF FRAMEWORK

problem in the remaining coordinates are computedthis  The hasic goal of GriF is to provide the users vathiser
end, the system wavefunction is expanded at eath pb  friendly tool allowing them to exploit the innoves
the regctlon coordmate_ grld in th_e basis functioBY features of Grid computing with no need for mastgri
averaging over the remaining coordinates the prodiithe  rejated technicalities. In other words, GriF makesd
wavefunction times every basis function one obtaiset of applications black-box like and, at the same titeads to
coupled equations in the reaction coordinate. Thgetter memory usage, reduced cpu and wall times
integration of these coupled differential equatiansthe consumption as well as to an optimized distributbasks
reaction coordinate aIIost the determination of thgyer the Grid platform. This leads also to a mdfiient
scattering partial (fixed) ) S”matrix from the value of the exploitation of the innovative features of the Githen
partial atom diatom wavefunctiony™ (R, 1,©) at the piging applications of higher level of complexifjhanks
asymptotes (for fixeE and all the admissible values ofi s robust SOA framework nature GrF can, intfac
V.j.Vandj). _ _ support  collaboration among researchers  bearing
In ABC, the hyperspherical Delves coordinates &edu omplementary expertise and contributing to colfative
[12] who_se hyperradlus_o is the reaction coordinate. The ok when they want to articulate their computasion
propagation of the solution from small valuespf(closely 5, jications as a set of sequential, concurremtiternative
packed system) to the large ones (the asympto®s) ghqks The SOA organization of GriF consists of tava

performed by linking recursively the matrix of thegeryers and one Java client, as sketched in Fig. 2.
coefficients (g) of the expansion ¢ff in the basis functions

of the various regions of the reactive processutinoO,
the overlap matrix, antl) , the coupling matrix (for further
details seeref. [8]), using the following matrixuadjon:

d*g

T O™Ug. (1)

For the chemical system considered in our study tt
reaction coordinate0 was divided into 150 sectors, and in
each sector the basis functions and related eifjgewavere
calculated. Accordingly, the pseudocode of ABC (Bag
1) is articulated in a first uncoupled loop ovee ttifferent

4. Run program

Ul

6. Return program status

arrangements of the varioyd sectors to build the O and U 8. Return program results
matrices.
Figure 2. SOA Organization of GriF in terms of Javaservers
) ) and client.
Do jyectors varying from 1 to Nyectors
Calculate sector eigenvalues and eigenfunctions
EDESJ:UFﬂw coupling and border overlap matrices The first Java server is YR (_Yet a Registr_y) _thsabas_e_d on
Teetens the standard UDDI [13] (Universal Description, Dutiion,
DO juyents varying from 1 to Neyones and Integration) protocol and acts as a direct@tyng to
;}:;}gr;: iﬁﬁﬁ&"""!ﬁi‘iiﬁé};“’ carry out service registr.y operations. YR is inspddo find
Do atp Varyingyfrom e — and invoke the appropriate Web Services.
Perform sector propagation The second Java server is YP (Yet a Provider) rirekes
Enhd"g; 1;‘5 solution into the next sector use of the Simple O_bject Access Protpcol (SOAP] _[an.
S R XML-based messaging format established as tran@miss
Write output data: E, §7 framework for inter-service communication via HTTP
EndDo jevents HTTPS). YP holds the Web Services of the VRC and
handles quality parameters. Both YR and YP makeodfise
Figure 1. Pseudo-code of the ABC application. WSDL [15] (Web Services Description Language) to

describe the services provided and to referencé sel
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describing interfaces that are published in platfor
independent XML documents. The Java client is Y&t
Consumer) that is the entry point for operatinghw@riF
within the Grid. YP takes care of running the jadrs the
associated User Interface (Ul) while YC implemeaitghe
already mentioned extensions and protocols to cthyre
interface the Web Services offered by GriF.

Accordingly, when running an application on thedrYC
can be used to perform the various actions devtutetie
management of the basic Grid operations. YC is adsal to
search applications on YR, to introduce some ctaagd

to compile as well new executables (a differentsiogr of
the same application) on the selected YP. The tesfl
previous actions can be used to start the executicthe
Grid job (after passing a user-specific input fik) monitor
the jobs status and eventually retrieve the reg¢sitsme Web

15

In the YC section of Fig. 3, the variab¥®_NAMEtakes
the value of the YP name selected by the user gutie
Service Discovery phase performed using YR (seedjig
Accordingly, Software Providers can expose theivises
in an open, standard and secure way suited to sdirkmds
of users including those having little familiarityith the
wrapped applications and the Grid platform. In thésy, the
applications gain a high level of friendliness aoudtability
while the Grid system reaches a high level of etigeer
GriF users can, in fact, carry out most of theiempions
using mainly a natural-like language (for exampiden
searching for an application of interest, the VOneathe
program name, as well as some keywords matching the
desired application description and functions,saficient).
Moreover, additional procedures have been impleetetd
carry out various Framework-side operations likesth

Services wrapping the Grid middleware commands andlated to the Grid resources matching for the ifipec

managing their execution on
implemented to this end).
Moreover, Web Services built specifically for
Certificates [16]), the handling of GriF, the cothagibn of
different executables, the monitoring of the statfisthe
jobs and the retrieving of the results can be texhdising
YC. In addition, YC was transformed into the YA (Yan
Applet) Java applet in order to allow the use afF@&iso on
a client machine with no YC.

Typical fragment pseudo-codes used respective¥Ha (to
wrap Grid applications into Java Web Services) endC
(to invoke the Java Web Services exposed by YRs),
listed in Fig. 3.

YP Web Service code:

public class RunGrid {
public String run(String input, String user, String date) {
String cmd = ’’rungrid.sh’’ + imput + user + date + ’’'>’’ + outputfile;
Stringl ] command = {’sh’?, !’-c’?, cmd};
Process p = mull;
Runtime r = Runtime.getRuntime();
P = r.exec(command);
p.waitFer();
FileReader file = new FileReader(cutputiile);
BufferedReader Teader = new BufferedReader(file);
while ((line = reader.readLine()) != null) output += line;
return cutput;
j
}

YC Client code:

public class YC {
public static void main(String [ ] args) {

String endpoint = '’'ht + YP_NAME + °’/RunGrid.jws’’;

Service

Call call = (Call)

service = i

call.setTargetEndpointAddress (ne< java.net.URL(endpoint));
call.setOperationNama{’ 'run’’);

XMLType.XSD_STRING, ParameterMode.IN);
call.addParameter(user’’, XMLType.XSD_STRING, ParameterMode.IN);
call.addParameter(’‘date’’, XMLType.XSD_STRING, ParameterMode.IN);
call.setReturnType (XMLType.XSD_STRING) ;

call.addParameter(’’input’’,

String result = (String) call.invcke(new Object [ ] {input, user, date}l);
¥
}

Figure 3. Pseudo-code of wrapping and invoking weBervices
in GriF.

the
management of the Grid Proxies (and/or of the Rob

the Grid have beeapplications offered.

V. THE WEB SERVICE INTERFACEWRAPPINGABC

%he GriF application considered here is the runrahghe
ABC program to carry out a systematic quantum stofly
the reactive efficiency of atom diatom systems atsd
implementation as a Web Service. The code presehigh
level of complexity that needs to be properly deayt
adopting appropriate interfaces in order both ficiehtly
support users having a low level of expertise Ifira
purpose) and users wishing to customize it for aded
studies (research purpose). The ABC wrapped sehase
%een tested on the EGEE Grid middleware by devetppi
minimal workflow in which the user is driven fronmet
beginning (the generation of the input file, asstrated in
Fig. 4) to the end (the retrieval of the resultsirthe Grid)
of the process.

[ upDi Discovering | Framework Management | ABC Service |

&)@ o ey o S (wone ] (Logout |
(3be-carlo-201004261134.. |w] [ View imput file
® sn::ap en: ::.el!;u by a driven step-by-step procedurs
9] Periodic table @
O QLOLO®
oJ) QOO
e lolojololelolelolololeloleleloJolole)
. +.||000000 »000EEE0OO0
lclolololelolelolololelojolcloIolole)
prricaicsavie 1t so tor 0PI IPPRVE 9
Moni val clcleyelolclelelelelelole)
““““““““ e J QOOWIDWI DI D ®®®

Figure 4. The first step of the Wizard process of tilding the
input file.

In the developed procedure the user preliminariigases
between a Classical Mechanics (QCT) and a Quantum
Mechanics (QM) treatment and then selects the at®wmi
system to be investigated. The ways these two optae
implemented are different. In fact, while the cleobetween
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a QCT and a QM treatment implies the adoption of @a the SOAP protocol and then stores them in ti@ Y
different application and of the related set of eaables, directory selected by the user.

the choice of a different system can be confinedhi

modification of the values of some parameters efittput V. THE ACTIVE AND PASSINGUSERPROFILING

file (like masses and energies) and the adoptiona of

different Potential Energy Surface (PES). The applon o coMPCHEM users based on their compiling and
workflow is, therefore, designed to search on thebVior

running habits has been attempted. GriF offerdad, the
the availability of an appropriate PES and reIateB“ g P 2

. ' . . ossibility of collecting at all stages (from thelection of
parameters before starting the integration of ®IeNiNg e pES 't the collection of the results) a cergaimount of
equations. If a proper PES is not available, Gré i

[ - . .

. A data that is stored in a MySQL [20] database. Tikis
con_cglved to search on the. .Web for. the availabiitya particularly useful to optimize the management ¥RC by
sufficiently large set of ab initio potential engrgalues for

. g defining some Quality of Services (Q0S) parametéms.
the system considered. If such values are avaikilg are ,icjar, GriF allows, for example, to collectdrmation
fitted to a proper functional form using an appiagr

the t f PES pref tially utilized by theers,
fitting procedure (see for example ref. [17]). h&tab initio on e ype o prererentia’ly Uized by £, on

| abl h d h ow complex is the job assembled for running (ehg
values are r_10_t_ available, one has to pro uce t_ ¥M Barameter values and eventually the syntactic anthstic
running ab initio electronic structure calculationsing

errors made) and on which are the critical pararadtg job
again an ad hoc procedure (see for example ref). [H&re S ) Wil lucal p J

. ) N .~ execution (e.g. date, time, application name and i§ a
we consider a version of GriF implemented for thesecin (e.g bp

. . ; . new compiled version). Moreover, by combining this
which various su!table PESs are available a_md tqmrehey feature of GriF with the possibility of retrievingsers data
need only to be ticked up for the Web Service etieouTo

. f from the Grid middleware saving them into its dafsdy it is
better illustrate the case considered, a screenshahe g

. ) S possible to profile the users of a VRC and evaluhabr
execution (Wl;arq Mode) of the ABC application dret quality (Quality of Users, or QoU).
Grid is shown in Fig. 5.

In the investigation reported here, a sample of
COMPCHEM users has been parameterized in terms of

On this application, a preliminary classificatioh o

(U0 Discoverng | Framevork Managemens | A8Csenve | their ability and/or interest to run and/or modifgithe code
= = used. The results of the parametrization are st in

I —, Fig. 6 where the histogram of the frequency of\iakie of

=== e — ‘ the daily ratio between the number of job compilasi

URI [gsiftp://se.qrid.unipg.it/tmp/RWAVEPR-car

(Nc) and the number of related executionsNX)
measured during the month considered is shown.

( Get result from the Grid

Operations Log:

Starting the Job for user 'carlo’.

RL where to check the s:
ttps://prod-1b-01.pd.in: 00/ gu6nz X2R) vHUULV PXOMSA

1e ressed .gz format):
RWAVEPR-carlo-20100427103255 .92

100

90

;;; Results file has been saved. PU
The Grid environment has been cleared. —— ? 80
EEEEE — o
?1 70
260
Figure 5. The execution of the ABC application onhe Grid. = 5
>
2 40
()
In the Wizard mode the users access a simple graphi GS: 30
interface on which they can start the executiothef ABC 2o
application just by pressing the button "Start”.eTjob is o AU SP
submitted for the distributed execution on the Gusthg an
adaptive algorithm making use of the Parametricqjaipn 0 - o P 5 - 1 > y

[19]. After the job has started, useful informatilike the

URL (where to check the jobs status) and the URlgf@ to  _. i _—

fetch the output when the job ends) are returnecth B Eg:srﬁ/ EG'UST:re (:;"S; t['hrge A(C:t?\)/'rPUCS'_e'F'\?AB?e;n%rOEIES‘Sgg
information are automatically fed into the apprafeifields. poider (SP). '

After receiving the typical sequence of Grid messag

associated with a successful completion of the(J&®ady,  As apparent from the figure, the measurements are
"Schedulet] "Running and "Done (Succesy) users can characterized by a clear bimodal structure madeaby
access the final results. This can be done by iolickhe  gharper peak placed on the extreme left hand sigierr of

Web Services responsible for the acquisition of rdsults

Nc/Nx (per Day)
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first peak is centred on the interv@l05— 0.1((with a bin

width of 0.05). It clearly indicates that the largest numbeP

of jobs run using an already compiled executabld tuat
the changes are confined to the data of the inleutdn the

contrary, the second peak tells us that for thersdargest
number of jobs (though smaller than the first ot

compilation is performed almost every time the jisb
executed.
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are mainly "computer scientists lent to Chemistfgt' the
urpose of developing Grid Services on behalf of th
generic user (PUs in most cases). These SPs usenrie
wisely also adapting it for the interaction amongseng
applications.

Our study, however, has singled out a more extresse of
SPs that we call Software Developers (SD)s. Thiddarly
indicated by the structure shown in Fig. 7 in whiel in

The appearance of such a bimodal structure suggests Fig- 6, the frequency of théNC/ NX value is plotted as a
existence of two main types of users. The firstetyphistogram (though using larger bins of width 1) wéo

(associable with the Ihs peak) can be called Paddser
(PU). PUs typically run on the Grid platform a de&b
version of an application and, therefore, do noé¢dné¢o
compile the application every time it is sent feeeeution.
This type of user is more a “production scientisteio
builds his/her scientific investigations on a messi
production of numerical experiments carried ouhgsiell-
established numerical procedures. In our study ithithe
case, indeed, of the scientists carrying out ektendBC
computational campaigns in which the efficiency thé
relevant reaction is calculated for a large varietyinitial
conditions.

The second type of user (that can be associatédtietrhs
maximum) is the Active User (AU). AUs typically delep
on the Grid platform new applications or new vensiof an
application and, therefore, need to compile abachdime
the application is sent for execution. This typeusér is a
"chemistry expert” that, in the case considered usy
develops new applications of the quantum mechatdes
dealing with chemical processes. In

have been concerned with the implementation oftaoke
new PESs for different chemical systems (this waitkens
the offer of ABC services on the Grid). Most likehis type
of AU turns out at a certain moment into a PU.

VI. DECLUSTERINGAUS

Strict sense AUs, however, have to be distinguisieih
other types of users whose compilation activitieseed
executions. This is already apparent from the beiegbe of

the Nc/ NX=1maximum that indicates that there is a

appreciable extent of variability as far as contjla before
execution is concerned. This is due to the fact tha

executed whereas other times it is compiled maaa tince.
The second case is better identified as that oWiGer
Providers (SP)s. SPs which carry out the work aipping
computer applications into GriF Web Services (aasting
them as well). For this reason, they bear charatty
similar (though not identical) to those of AUs. Agesult,
in the rhs structure of Fig. 6 the broad structurekimum

the applicatio
considered by us (the ABC code) the main developsner

abscissa extends to 20.

Fig. 7 tells us that, in our case, SD users beatisttal
importance. SDs have little interest in running strig
computational scientific applications (as in theeaf GriF
and/or Web Services developers). Yet they aredsted in
building new applications and/or new features ofF@s is
the case of the exploitation of new theoreticalrapphes to
a given problem.

For this reason, they compile much more frequetitgn
running. Consequently, for them the value of thaélyda
Nc/ Nxratio is abundantly larger than 1 (in our case we

found a peak alNc/ Nx=11).

(May 2009)

Frequency

2 4 6 8

10
Nc/Nx

12 14
(per Day)

16 18 20

Figure 7. The fourth COMPCHEM user profile: the Software

rbeveloper (SD).

o . ) X . A caveat, however, has to be issued at this p&infact,
application is sometimes not recompiled before dpein

while the PU characteristics (daifdc/ NX values close to

0) are extremely localizedNc/ NX values ranging from
about 1 to larger values are much more scattered.
Moreover, it would not come as a surprise a further
smoothing of the results for larger statistical pbes that
would make the separation of the various kinds drsi
more difficult to obtain like in the case in whithe same

can be split into an AU and an SP slightly disptaceuser plays different roles at the same time. Thisnpts a

distributions centred one just above and the gtistbelow

more articulated definition of the users and theettgoment

the Nc/ Nx=1value. This is clearly the case of the®fneéw Grid sensors.

sample of users investigated by us. In particuldnie the
AUs are mainly "expert chemists” using GriF moreless
transparently to build their own or shared appiwa, SPs
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VII. CONCLUSIONS ANDFUTURE WORK

In the present work the development of GriF, a J5@#A
Grid Framework structuring computational applicaticas
Web Services that can be run transparently on the, &
illustrated. GriF is open to be driven by a useestontrol
allowing the management of a domain-specific opeamat
logic in which the user of a VO (or of a VRC) caglest
various options (like modifying part of an applicat or
assembling a different input) before entering thaning
phase. As a result, not only it has been possibatry out
on the Grid massive computational campaigns by dipgn
a minimum effort and achieving maximum throughpag(
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Abstract— iRODS micro-services and rules can be used
to build a data grid that implements a community'sown data
policy. However, often the data administrators arenot the
developers who customize the services or deploy tluata
grid. A tool that gives the data administrator intuitive access
to the rules and special-purpose services of his @agrid is
important in separating the IT tasks from the data
administration tasks. The EnginFrame (EF) cloud iterface
framework from Nice S.rl. was used to build a serce-
oriented iRODS interface. This interface demonstrats how
data grid access can be customized for community @sone
view of the data grid, determined by data usage soarios, is
provided for the community user, and another view,
determined by data management criteria, is providedor the
administrative user.

Index Terms— iIRODS data grid, data grid interface,
data grid access, web interface, EnginFrame, EF, @t Portal,
cloud interface, administrative interface.

D

implement specialized data access and preservptboy
as required by a target community. The developédrs
would customize a data grid in this way may notyéeer,
be the data administrators who determine and/ooreaf
data policy for that community.

Therefore, along with a customized data grid,
imperative to offer a user-friendly interface thabvides

I INTRODUCTION

EVELOPMENT of special-purpose micro-services
and rules will equip an iRODS data grid togtignalities such as audit tracking and quotecking, in

The authors used the EnginFrame (EF) cloud interfac
framework to develop a prototype of such an int&fahis
was used for a live demonstration of iRODS servitean
NSF/NARA/NITRD iRODS presentation in August 2009.
The interface was used to showcase important iIRODS
archival services in a real-time demo. It servedltstrate
how an interface can be customized to offer spieeidl
views of the services implemented in a given datd. g
Further, the interface presents one view of dathsanvices
for community users and another view, which inchidere
administrative functionalities, for the data adrsirator.

Several basic iIRODS services were selected for the
demonstration; we briefly mention implementation
considerations for some of these special servicdiswed
by a description of the EnginFrame interface arghtthe
blending of the two technologies.

Il SPECIALIZED IRODSSERVICES

While iRODS can be viewed as a framework for
implementing data policy for the curation of eledic
assets, it is also a tool kit that comes with mprerdefined
rules, microservices, and capabilities. Some ofeahenable

support of verification of policy; others enablepahilities
such as searching on user-defined metadata.

These were the sorts of functionalities, based wrot
the-box iIRODS services, that were showcased atNBE

. .demo; thus these were the services exposed in the E
It 1$hterface to the data grid.

not only user access to community data, but also21 Audit Tracking

administrative access to the services that suppod
implement data policy. The data grid, with spepiatpose
services and with an administrative interface, thesvides
the data administrator with the necessary tootutate and
preserve his community's electronic data - withmeihg an
iRODS programmer to do it.

The user-friendly interface provides a separatietwken
the data administrator and the systems administritocan
offer intuitive access to the specialized dataisesy freeing
up the data admin to concentrate on applying, eirfgr
and verifying data policy for his community.

Audit tracking is enabled in iRODS by changing the
setting of the parameter auditEnabled from "0" 2 Ih
iIRODS_root/server/icat/src/icatMidLevelRoutines.cthen
recompiling, and restarting the iRODS server. Oaudit
tracking is enabled, any operation that calls ug@niCAT
metadata catalogue is logged - in the iCAT. Anyussis,
such as downloading a data object, changing peions®n
a collection, deleting or creating an object, etre all
logged in the iCAT's audit table, along with recardthe
change that was made if authorization for the djmravas
granted. Audit information can then be tracked begrging
this table and presenting the results in a usendly
format. The queries can be implemented with idpueest



INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG 20), 20-22 SEPTEMBER 2010

icommand or  with microservices
msiMakeGenQuergndmsiExecGenQuery

There is need to be careful, however, with thesrigs.
The microservice queries use an iIRODS-specific ssymd
approximate SQL but does not replicate it perfedtipest
allows a reduced form of SQL querying. Neither agoh
yet gives full SQL functionality. For audit tableigrying,
there is a further complication that can resultspurious
results. Consider that the audit table in the iCdéfabase
contains the following fields:

by

AUDIT_OBJ_ID
AUDIT_USER_ID
AUDIT_ACTION_ID
AUDIT_COMMENT
AUDIT_CREATE_TIME
AUDIT_MODIFY_TIME

The audit table, in AUDIT_OBJ ID,
information about the entity (data object, collenti
resource, user, etc.,) that is the object of aioadhat was
performed and logged. It contains the ID of thgeaentity;
however, there is no built-in mechanism to deteemirnich
it is - object, collection, user, resource, etcug,hat any one
time, the AUDIT_OBJ_ID field of the audit table ceafer
to any of a number of tables containing detailddrimation
on either a data object, a collection, a user, oesaurce.
The joins of the standard iIRODS query services there
the effect of joining all the tables referred tothg 1D, with
the result that much spurious information is reeid with
the query.

By breaking down the joins into a series of simjxgrest
queries, it is possible to separately query on eagpk of
entity in the audit table, thereby avoiding thengithat

20

using

iquest "SELECT COLL_NAME WHERE
COLL_ID ="${_objid}”

iquest "SELECT USER_NAME WHERE
USER_ID ="${_objid}"

For the NSF/NARA demo, the results of these queries
were arranged into xml files to allow for formatted
presentation. Additional Java filters provide asyeway to
further manipulate the results and were appliedrater to
sort and refine the search results.

2.2. Other Services

iRODS allows users to add their own AVU triplets
(attribute, value, units) to the iICAT metadata kajae.
Metadata searching of user-defined metadata was
implemented for the demo using the iquest icommend

contains query the iCAT.

The implementation of quotas is awaited in iRODSE an
should be coming out in version 2.3. In the meaeatiiis
possible to useiquest to return and display usage
information for each user, handling it similarly ttoe way
guota information will be handled. This was impletezl in
the demo prototype.

Theirule icommand allows users to run any iRODS rules
on a command line. The interface also provided anmaef
pointing and clicking to edit and run selected sule

. ENGINFRAME

EnginFrame is proprietary software developed byeNsa.l.
It is typically used as a computational grid podak cloud
interface and serves as a framework for logicatijecting
applications, services and resources and presettitérg in

cause spurious results to be generated. The faitpwia web 2.0 interface that provides user-friendlyeascto the

example for an audit procedure for an administeatiger

distributed resources. It is not a portlet containg instead

illustrates this; thequestcommands are run in a script sodelivers services that are JSR168-compliant; Engimié

that output can be saved from one step to the next.

1.To see an audit trail for a given user, save BODS

allows organizations to provide application-oriehte
computing and data services to both users (via Web
browsers) and in-house or ISV applications (via

user name into a script variable and run the iquesPOAP/WSDL based Web services) so EF services dueild

command to query the audit table:

iquest "SELECT AUDIT_OBJ_ID,
AUDIT_ACTION_ID, AUDIT_COMMENT,
AUDIT_CREATE_TIME,
AUDIT_MODIFY_TIME WHERE
USER_NAME = '${ irods_username}'

used as portlets in another portal.

The main goal of EF is to hide the details and the
complexity of the underlying infrastructure in ordé
improve usability and utilization. Usability goep when
end-user requirements for accessing the infrastrecgo
down, and utilization is improved by making theokesion

of the underlying systems transparent to the ewed-aad
enforcing the utilization policies even as infrasture
evolves.

2. Save the AUDIT_OBJ_ID into a script variable and

use it to get query and get separate results fragheentity
table:

iquest "SELECT COLL_NAME, DATA_NAME
WHERE DATA_ID = "${ objld}"”
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Figure 1. Metadata and ACL settings can be viewed na
monitored through the browser.

EF provides a flexible authentication frameworkhnfituilt-
in support for a wide set of well-known authenticat
mechanisms
Active Directory. It has been integrated with tHRODS

Figure 2. Usage data.

The same sort of display is planned for quotas wiham
functionality becomes operational. See Figure 2.

Figure 3 shows the unfiltered results of an awabte query
on all entries, and Figure 4 is a snapshot of st editor.

like OS/NIS/PAM, LDAP, and Microsoft

V. DEPLOYING DATA GRIDS

challenge-response authentication mechanism. The Fhe customization of a data grid for a user commyisian

authorization framework allows the definition ofogps of
users and access control lists, thus providing ansmdor
tailoring the Web interface to the specific usendes or

important step in deploying this technology forieeg user
group. Beyond simply installing the data grid, data
management policy must be unambiguously defined and

access rights. This was used in the demo interface then translated into the micro-services and raeshis
distinguish between community users and adminis&at technology.

users of the data grid. Community users were ptedein
the interface, a reduced set of services compared
administrative users.

V. THE IRODSEFINTERFACE

Another very important step in the deployment i® th
development of a user-friendly interface for acoesghe
data grid. A custom interface can provide intuitaceess to
the custom services of the data grid and a usendty way
of invoking the rules that implement and enforcgada

The merging of the EnginFrame and iRODS technogidoolicy.

required development of an iRODS plug-in for EF ainel
wrapping of the iRODS services as EF services. Hhdile
manager for data browsing was also outfitted WRODS
functionalities so that some of the basic
characteristics are present in the data browser.
User-defined metadata can be added, modified, eglieaind
deleted as part of basic iRODS functionalities tiBgtand
modifying ACL permissions are also included amohg t
basic IRODS capabilities. Both these functionaditiare
available with the browser through the EF interfaSee
Figure 1.

Disk usage is queried usimguestand displayed.

Further, the interface can be customized to varioser
groups that access the data and data serviceseAgamed
above, the EF interface was developed to show rdifte

iRODYiews of the services to community and administeati

users, thereby distinguishing between the diffedasses
of services offered to the two groups. It wouldoalse
possible to adjust the view of the data grid toeothser
groups, so that the presentation of data and s=¥its with
a group's own use cases.

VI. THE FUTURE

A new domain of expertise will likely grow up aralthis
technology, embodied by those who deploy the iIRQRE
grids. They will likely become increasingly separdtom

the DICE group who develops iRODS as well as fromn t
user communities who are the consumers of the iRODS
technology.
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Figure 3. Data dump of the audit table.
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o ) ) Figure 4. The rule editor.
There is in fact a need for a third group that gesithe gap
between the other two. The developers know all thist REFERENCES
teChangy can offer but are often not aware ofitiecate [1] Reagan W. Moore, Richard Marciano, Arcot RajaseAntoine de
details of the needs of the user groups. Users ksmwe  Torcy Chien-Yi Hou, Leesa Brieger, Jon Crabtresyel Ward, Mason
rudimentary aspects of the data grids but ofteindeheir  Chua, UNC Chapel Hill; Wayne Schroeder, Michael Waineau-Yen
needs in terms of the constraints they have leatndive  Chen, UCSD, "NITRD iRODS Demonstration”, sponsdrgdNARA at
with rather than exploiting the full potential OR®DS. NSF.2009.Canbe linked from
L . https://www.irods.org/index.php/Publications
There is increasingly a need for a group thatslligs those rechnical Demonstration of Integrated Preservalidrastructure
two perspectives and brings rich iRODS capabilit@sser Prototype”, National Coordination Office for Infoation Technology
groups with complex data needs. Resegrct:_h an\(;iVDer\]{elotpmelgtéNIZRD) /t’:llsgologl?nRA" ?&ﬁl Science
H unaation, Washington, D.C., August 4, owlapversion.
Thes.e .deployment groups mUSt. .Wofk closely with daﬂé‘%mbined Video and Powerpoint Slides of NITRD Def@an be linked
specialists from the user communities in orderridaustand  om https://www.irods.org/index. php/Publications.
the required policy to implement in the data griégh&l how [2]iRODS and Data Preservation 2nd Workshop oralPaeservation and
the administrative interfaces should operate. Thilyalso Long Term Analysis in HEP, Wayne Schroeder, SLAGidiel
have to understand how the users must view the afada #ccelerator Laboratory, Menlo Park, CA, May 26, 90Gan be linked
;i . . . from https://www.irods.org/index.php/Publications
services presented in order to meet their use _cﬁ’sés:y [3] Policy-Based Distributed Data Management Syste@pen
should become easy to apply using the custom aderfand Repositories 09, Reagan Moore, Arcot RajasekareMilan, May, 2009.

the full functionality of rich iRODS services shdube Can be linked fronhttps://www.irods.org/index.php/Publications
delivered [4] http://www.nice-software.com

. . . [5] http://www.enginframe.com
Deployment groups will promote the adoption of iIR®D (6] http://code.google.com/plef-irods-plugin/

data grids, supporting communities who want to @sgthe [7] JSR16ahttp:/jcp.org/en/jsr/detail 2id=168
technology and allowing its adoption even by grouwt® [8] NIS httD://en.wikipedia.orq/_wiki/l\_letwork Information_Sece
may not be well-supported with in-house 1T spestaliThe [%] PAM http://kemel.org/pub/linux/libs/pam/
. . . [10] LDAP http://en.wikipedia.org/wiki/LDAP
deployment groups will do the programming of theviees
and the development of the interfaces so that wsstdata
administrators will be freed from these tasks. Tpshot is
that many more communities will have access to this
technology.
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Abstract—Currently some scientific and business
organizations own sets of High Performance Computon (HPC)
resources. These resources are heterogeneous. Thegve
different purposes, architectures, performance and used
software. There is a problem with providing a conveient way
to run complex computational experiments in real HEE
organizations. Such complex computational experimes use
different resources simultaneously to start a largenumber of
computational jobs.

In this paper we describe experience in creating workflow
system which makes it possible to run complex comational
experiments under conditions of a real HPC organizon.
Significant requirements to this system are high étiency and
interoperability with the existing HPC infrastructu re of the

organization without any changes

Index Terms—HPC, HPC organization, workflow,

SEGL, GriColL.

I. INTRODUCTION

ACH HPC (High Performance

in accordance with queue policies, priorities andtations
existing in the organization.

Users can access front end machines within thel loca
network of the organization via SSH [3]. Accessniran
external network can be denied or can be restrieted
provided only for fixed IP addresses. Quite oftemaurces
are accessed from an external network through VPN
(Virtual Private Network). Users have their own @aats
on all accessible resources of the organizationtaDa
exchange between users and resources is organsiegl u
SSH [3] and such programs as SCP, SFTP, RSYNC.

The approach described above is widespread in
organizations which offer HPC resources, becausgngfle
installation and support, high reliability and setyu

The standard scenario for working with HPC resasiise
the following: the user transfers input data to #edected
resource. Then the user submits a job to the quéfter
that the user has to check state of the job pexédigi Often
such a job is part of a complex computational t#skarge
number of computational jobs can be started witthia
scope of the task in parallel or sequentially. Jobs be
dependent on other jobs, if some resulting datanefjob is
used as an input data for another job. A user, afaots

Computing) such tasks (or experiments), requires a suitabletdocreate

organization that provides computational power i8S the computational experiment, to run it and to rmmit.
own scheme of resource management, security pelicigyorkflow systems [4] for HPC environments fit these

concepts of access rights, limitations for the use
computational resources, disk space, memory ansonlet
Organization may offer different cost models foffatient

requirements.
In this paper we describe our experience in devety
and usage of the high performance workflow syst&iGIS

purposes of resource usage, such as commerciaé wsag (Science Experimental Grid Laboratory). This systam

scientific research usage. Resources can be pubitide of
charge or as a paid service. Accordingly, user jolishave
different priorities and limitations.

However, there are a lot of common or similar piptes
in the existing frameworks to organize work withH&C
resource in a real organization. Commonly, thegeciples

are based on widespread and well-known open-source

software. Usually resources run Linux/Unix-like ogting
systems (Linux/Unix OS are installed on 95.4% &f HPC

designed to work in a real HPC organization. Suoch a
organization has a set of the HPC resources arefiaed
standard schema for working with these resources.

The main requirements to the SEGL system were the
following:
¢ The system must work under conditions of the reRCH

organization without any changes of the infrastiteiof
the organization.

computers in the TOP500 [1]). Most computational Reliability of the system.

resources, clusters or supercomputers, have onmooe

access-point machines (so called front ends). A job Simplicity of using HPC resources by applied spestia

submission is organized with the help of batchepst [1]

(scientists, engineers) with the help of this gyste
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Ability to reuse existing code. This means reusifthe
predefined computational jobs as well as the compl
computational experiments.

experiments that consist of large number
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The control flow level (Figure 1) offers possibéié to
gescribe set of parallel and sequential tasks withe scope
of the experiment. This description is the workflofthe
experiment. To describe the logic of the experimeing

Scalability of the system to complex simulationcontrol flow level offers different types of blocksolver,
ofransition,

fork/merge  (parallel branching), cycle,

computational tasks (up to tens of thousands arfg@nditional transition, nested experiment.

hundreds of thousands).

All these requirements have the same priority.

It should be noted that we are talking about reRICH
organization, but not about a virtual organizat{®) [5].
There are a number of differences between a VOaargal
HPC organization [6] concerning HPC resources ftbm

viewpoint of the workflow developer. There are sucl
questions as administration of the resources, m&two

communications and security. Often computation
resources of the real organization are used asines® of
the VO, but resources of the VO can have diffesattings
and limitations. Also user support in a VO is aasepe and
complicated problem [7].

However in the case of using the HPC resources
business and industrial tasks foreground questiare
security, commercial advantage, quality of usempsupand
responsibility of the organization that providesaerces.
Using resources as a part of the VO supposes sbargges
of the infrastructure of the real organization. dtdve the
problem by developing a workflow system within geope
of the real HPC organization, without any infrasttue
changes.

The Grid Concurrent Language (GriCol) [8] is usedhe
system to describe a computational experiment as
workflow. GriCol has a two-layer model for the degtion
of the experiment. There are the control flow leard the
data flow level.

WORKFLOW DESCRIPTION LANGUAGE

Figure 1. Control flow level.

Data spaces

Fitness-: WRE-FVY

= P St HPk
RecomFinesAnalyzer

Best-Parameter

Best-Fitness

3tigure 2. Data flow level

For each computational block in the control flowdkthe
user has to describe data flow model.

The data flow level (Figure 2) description contadletail
f@formation about the computational job that wié btarted
on the HPC resource. Also this information includes
descriptions of input and output data sets, vaemlthat
describe different parallel data sets, parameteregafor the
different data sets and expressions to select amgpghe
data sets.

GriColL provides a module approach [9]. Jobs théitlvei
started on the HPC resource are described in thtersyas
executable modules. A module is an abstract desumijpf
the computational job. It includes information abaput
and output data sets. The module description isl uee
create a computational experiment. Each executabtiule
héls one or more implementations. Different
implementations for different resources can be used
runtime the system selects the most suitable resofar
each job. Then system runs appropriate implememtaif
the executable module on the selected resource.

The system keeps a library of described executable
modules and a number of implementations for eactiubeo
This allows to reuse an executable module in difier
experiments. The set of the module implementattamsbe
changed in the case of changes in the set of catipual
resources.

Once described a computational experiment can be ru
many times. Description of the input and outputadsets
does not refer to file and directory names. Thisves to run
experiments with different input data sets, whicaven
different file names and different numbers of datds.
GriCoL offers its own language elements to descdbta
communication in the experiment. Such descripti@akly
depends on real runtime data and number of dasa Beis
approach allows to run a once described experimihtan
undefined number of data sets. Also data sets @an b
parametrized with a set of defined variables.

GriCoL supports the description of nested experisen
The number of nesting levels is unlimited. Thioat to



INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG 20), 20-22 SEPTEMBER 2010 25

use simple experiments as a part of a more contptica The system stores all runtime information about the
experiment. started experiment in the database. The following
information is stored: the selected resource feahgab, the
[ll. WORKFLOW ENGINE IMPLEMENTATION location of the input and output data on the ressuif the
v job finished with success or failure and the caabehe
failure. This information helps to analyze the expent
later. In addition there is the possibility to done an
experiment which was interrupted.
Jobs are started on the resource by the systentsajdwe
system agent is a service that is started on thet fend
achine (Figure 3). The agent starts and monitobs. |

The workflow engine is a part of a SEGL system ser
The system server is installed in the local netwofkhe
organization. It has the following tasks: runnin§ tbe
workflow engine, communication with system agentsun
computational jobs and handling of client requedtse
server keeps all required information in a relaion

database. This is information about such entities : .
fter job completion the agent analyzes the outtata of

computational resources of the organization, exdat °V™' b.Th . led b ds ofdh
modules, implementations of the executable moduled!S IoP- The agent is controlled by commands efsbrver.

experiment models and system users (Figure 3). The agent is also responsible for data transfewdsst

Detail descriptions of the computational resourees €SOUTCeS. L .
kept in a format of GLUE 2 [10]. Descriptions ofeth The system has an authorization mechanism, a sedcal

executable modules and the module implementatioas f\ccess Control List (ACL). Users can have differantess
kept in a modified format of JSDL [11]. rights for such system objects as executable medule

Selection of the computational resource to run f joSXPeriment models, experiments.
Use cases of the system can be as follows:

depends on the following factors: whether thereais .
appropriate module implementation, whether the ueses  * Some user creates an executable module and a get of
are accessible for the user and whether these reesoare implementations. Then this user can grant accesslito
operable at the moment. It also depends on themrulvad and/or use this module.

of the resource and the optimal value of the daffer

benchmarks for the given job [12]. Each resource daet ° Some user creates a model of an experiment with the

of the predefined benchmarks values. These vahdisate help of before described modules. Then this user ca
efficiency of the resource for different tasks. Ate grant access to edit this model or to create new
implementation of the executable module keeps métion experiment using this model.

about the most important benchmarks. This set ®fntlost ] ]
important benchmarks is ordered in relevance to tHe SOme user starts an experiment. Then this usegrean
computational task. Correlation between resource access to monitor this experiment or to get outiaia.

benchmark values and the list of task benchmatksvalto

select the best resource from the set of avail@seurces. A graphical client of the system is a desktop agapion.

It is installed, started and updated by Java Wehrt St
T Ty yyuy— framework [13].

HPC organization User is authenticated in the system by login ars$yward
or by X.509 certificate. The system keeps inforomatbout
allowed resources for the user and about the usmuats
on these resources.

Using the client the user describes executable faedu
creates experiment models, starts experiments atd ¢
results of the experiments. The client comunicaith the
server via HTTPS.

FrontEnd with Agent

0 om

JXTA, SS|

Cluster

&

FrontEndywith Agent

/'/’

Supercomputer

JXTA, SSH

IV. EXECUTING OF THE EXPERIMENT AND RUNNING OF THE
JOBS

Before starting the experiment the user has toifypte
location of the input data. The data can be locatedhe
user workstation or on the computational resouhcethe
last case the user has to have read access todiiaséf the
data is located on the user workstation, it isgfamed from
the client to the required resources through tieeseAlso
the result data can be stored at the resourcesamrbe

e transferred to the user workstation with the hefptte
_ I ecsessece e e e e === client. The first case is more preferred when thmdas a
Figure 3. Architecture of the system large size, for example several terabytes.

The system supports working with parallel file syss,

such as Lustre [14]. User can allocate named laigk

SSH

wtEnd with Agent

E
-
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spaces at the resources, so-called workspacesSERL. user name on the source resource and the user orathe
system allocates only one workspace for each exyattion destination resource. The agent of the destinatsource
each resource. As a rule, workspaces have a linlited creates a local SSH connection under the user&uaton
time. This lifetime can be extended by mechanisinth® the resource. We have selected this approach, Secae
parallel file system (limited or unlimited numberf o have some limitations or special conditions whicil e
extending times, it depends on the file system #&ad described below (see V). Then this agent startsdtta

settings). Also extending can be implemented agstes
function.

During workflow execution, the server selects
computational resource for each job and then theese
transfers the input data of the job to the selecésturce.
The data is stored on the resource under the atoduhe
user who starts the experiment. This is implemeintetthe
system as described below.

Each user of the system has to add a server plkbjic
into a list of the authorized keys (~/.ssh/autrextizeys).
After that the server can connect to some front\veadsSH
[3] under the account of the user (Figure 4). Thever
transfers the input data to the resource and getoutput
data of the job via SFTP protocol.

To submit the job to the queue, to monitor the $tdte
and to analyze the result data of the job the atpensed.
The agent is started on the front end (Figure 4)eXecute

transfer from the source resource via SFTP.

To start a job, the batch system of the resour¢es[l
aised. The job is submitted to the queue as a sd@litign the
job will be started under control of the batch eyst

The maximum number of jobs in the queue per user is
limited. However, many jobs must be started sinmdtaisly
in the scope of the experiment. Also each userstart a
several experiments simultaneously. To solve thiblem
the SEGL system has its own internal queues. Thesaes
are part of the workflow engine. There is one im&iqueue
per user and resource in the system. This queuseid for
all experiments of the given user on the givenuesa

At the development stage of the system we havedfoun
one more possibility to solve the problem of theorece
queue limitation. HPC resources have a lot of noales
processors. Most jobs use only part of these psocsesThe
user has to specify the number of cores or procg$spthe

some commands, the agent creates a SSH connegdion fjob. This number can be defined as a special paeanoé¢
the given front end to the given front end underdlocount the job submitting script. However, the maximum tem
of the user. To do it, agent certificate must beeadinto the of jobs per user in the queue is independent omtimeber
list of the authorized certificates. This will beeeuted by of used cores/processors. If you make a commoptdori a
the server automatically. few jobs, you will be able to start multiple reabg as one

Communication between the server and the agents fiem the viewpoint of the queue. In this case thenber of
based on a P2P protocol JXTA [15]. HTTP is used aeal jobs can be larger. If a user starts jobs m@inuhe or
transport layer for JXTA. If necessary, the TLS (HS she has to make such scripts manually. In the S&Gtem

protocol with a mutual authentication can be used.

Front end A + Agent

JXTA (via HTTP)

Commands _. — 4 SSH connection
s B —p— Agent - User
-
/ A
SEGL Server
¥
=
Data transfer via SFTP
Server - User
Data transfer via SSH (SFTP)
;-\ User - User

SSH connection

S~ h
. Agent - User
JXTA (via HTTP) ™ —

Commands

Front end B + Agent
Figure 4. System communications

A data transfer from one resource to another issdoa

this action can be done automatically. The systalhbs
able to generate such scripts merging jobs of mdiffe
experiments of the same user.

V. SPECIAL CONDITIONS

A significant requirement to the SEGL system is tot
require changes to the infrastructure of the HPC
organization. The agents which are started onribvat £nd
machines do not have any specific privileges in ganson
with other users. This means that a simple usesuadtdor
the agent will be created identical to the accowftsll
other users. This user account does not have rodleges
and it does not belong to any privileged groupscalnot
use SUDO command [16]. Note that using root prjéke or
SUDO command often is impossible, because it mésctf
security of the organization.

The system stores the input data and starts tleegolihe
resources under the account of the end user. Tdrerell
limitations and policies of the organization wik lapplied
to this user. A billing of used resources and diglces will
be made for this end user too.

Since the system performs all actions on the ressur
under the account of the end user, it is not necgs®

SFTP. The agent of the destination resource reseave Make any changes in the user accounting systenfieof t
command from the server. This command contains su€kganization. All security policies, billing primges and

information as the source resource, the required, dhe

user group policies are remaining the same.
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To start working with the system you need to hawvary [7]
own user account in the system. All your resoui@mants
must be added to (described in) the SEGL systeran The
server public key must be added into the list ofiryo [&
authorized keys. That is all. If user wants to stapking
with the system, he or she has to remove servéificaie
from the list of the authorized certificates.

(9]
VI. CONCLUSIONS AND FUTURE WORK

This paper describes a workflow system called SH@&L
was developed to work in a real HPC organizatiothovit
any infrastructure changes in such organization.

The SEGL is a high-performance and modular systeH11]
that provides on the one hand, a convenient wagtda
complex computational experiments and on the dtlaed,
possibilities to increase quality of HPC servicdhe
implementation of the system is based on the wsdkn
technologies, which are often used in HPC orgaitinat

There are several directions for future researdtst Bf
all, we want to improve system performance in higdl
large data files and large number of the data gdta we
would like to improve the user interface of thesnli 15

The system is installed at the High Performance
Computing Center Stuttgart (HLRS) and is used #ntst [16]
engineering,  biological and physical  simulationl7]
experiments. [18]

Within the scope of the bwGRID Portal Project [1f7g
system will be integrated as a part of the HPC Wehal.

This portal will work within the scope of a VO thhés a
number of the HPC resources with different middiewa
systems. The workflow engine will be integratedhwihe
Grid Application Toolkit (GAT) [18]. Also the syste will
be changed to work under conditions of the VO. Pbss
the client will be implemented as a Rich Web Apaticn.

We plan to implement automatic generation of merged
scripts for multiple jobs to solve the problem afiege
limitations.

In the future we would aim to develop complex piagn
of the experiment execution. To plan the experiment
execution, the system will collect, keep and aralgetail
statistical information about all resources of
organization.

[10]

[12]

[13]

[14]

the
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Abstract—In this paper we present the example
domain-specific Nano-Science Gateway created
Java/Flex based framework called Vine Toolkit. Vine
Toolkit, or simply Vine, is a modular and extensibé Java and
Adobe Flex library provided together with the highdevel
Application Programming Interface (API). The main aim of
Vine is to accelerate the development of advancedebased
graphical user interfaces (GUI) and applications conected
to underlying third-party services and Grid infrastructures
managed by middleware, such as gLite, UNICORE, Glals,
GRIA or QosCosGrid. Vine can be easily deployed idava
Web Start, Java Servlet 2.3 and Java Portlet 1.0 atainers
or used as a desktop application. It has been sussully
integrated with well known portal frameworks, e.g.
GridSphere and Liferay. We also compare in this paer
leading web development technologies for sophistieal and
interactive interfaces that can be used for rich we
applications, namely Adobe Flex and Microsoft Silveight.
Currently, Vine supports advanced BlazeDS data seiwes
and takes advantage of Adobe Flex technology forteractive
and dynamic client-server web applications. Main
motivations of using Adobe Flex technology are also
presented. Finally, we briefly describe our experieces with
the development of a computational web portal for
nanotechnology and nanoscience. Using Vine we sussgilly
created a set of web-based graphical tools, data agsis, and
visualization application around the ABINIT modeling and
simulation software to meet scientists' requiremers, in
particular the access to collaborative large-scalsimulation
studies of systems made of electrons and nuclei tre basis
of Density Functional Theory (DFT) and Many-Body
Perturbation Theory.

Index Terms—Science Gateway, Web2.0, ABINIT, Vine
Toolkit, Liferay, GridSphere, Adobe Flex, Microsoft
Silverlight, Material Science, Nanotechnology

l. INTRODUCTION

INE Toolkit was designed as an environment t . !
b\_/vorkflows and experiment plans, share them withupgso

facilitate the development and integration of we
based applications with HPC resources, Grid sesvired
various existing large-scale computing infrastruesu

managed by Grid middleware, such as gLite, UNICORE,
Globus, QosCosGrid and GRIA. In this paper we show
easily a computational web-based Science Gatewaybea

using created using a modular structure and existing Vine

components. Consequently, an easy-to-use presentati
layer can be deployed together with various coltatiee
and visualization tools to simplify the way resédens, in
this case representing the nanotechnology domeitfionn
intensive computing studies and share data between
simulations via lightweight web interfaces. Vinegéther
with a set of built-in modular components is an edbent
solution to establish web gateways for advancednsi€ic
and engineering applications with grid-enabled ueses in
the backend. Moreover, the heterogeneity of Gridises
and HPC resources can be unified thanks to Vines ARt
built-in capabilities for remote job submission, mitoring
and control as well as data and workflow management
security and user management. Thus, integratingtiegi
Vine modules and adding application-specific extams
based on ABINIT software packages we were abledate

a sophisticated Nano-Science gateway to support
collaborative nanotechnology research. The ardhitat
overview of Vine Toolkit has been presented in [1].
However, in this paper we focus on new Vine Toolkit
functionalities that are relevant for advanced wwabed
applications.

. RELATED WORK

Currently, there are several grid portal framewakailable
that help users to create advanced and easy-tseaisece
gateways. P-GRADE is a good example of highly iraéezd
parallel application development web-based systanGfid
and clusters [2]. It uses Globus, Condor-G, ARC,IIBO
and MPICH-G2 as grid-aware middleware to conduct
computations Another example is a collaborative
@nvironment where scientists can safely publishir the

and find those of others, called myExperiment.@ [n
this approach, workflows, other digital objects dnehdles
(called Packs) can now be swapped, sorted and hezhrc
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like photos and videos on the Web. Unlike Facebook
MySpace, myExperiment fully understands the neddbeo
researcher and makes it really easy for the nemérgdion
of scientists to contribute to a pool of scientifiethods,
build communities and form relationships - redudiinge-to
experiment, sharing expertise and avoiding reirigent
EnginFrame is a good example of a web-based fnoditfer

simple job submission, tracking and integrated datYAREGI (Super

management for HPC applications and other sernfdes

EnginFrame can be easily plugged on several diftere

schedulers or grid middlewares like: Platform LSun
Grid Engine, PBS, or gLite middleware. Another ayguh
to build an API that provides the basic functiotyali
required to build distributed applications, tool:da
frameworks is SAGA [5] — it offers however only ga®
use programming interface without any GUI suppeeded
to create easy-to-use science gateway (see theT\dakit
and SAGA comparison table in figure 1). Moreovegrks
to Vine Toolkit native JSDL and BES support (botc©
standards|[6]), the used in the prototype portal @Q@ssrid
middleware stack can be easily changed to any tfpe
supported by Vine middlewares without changes thesoor
even need to restart the portal. All changes caddre by
simply changing the Vine configuration file, whadrcbe
done on-line by each user acting in administrawle.r
Moreover, the monitoring and control of tasks ire th
application is also working with other grid middleres
than the QosCosGrid if such functionality is praddin
those cases.

Middleware Vine Toolkit SAGA — Java adaptors
gLite 3 - Cream Yes Yes - JSAGA
gLite 3 - WMS Yes Yes - JSAGA

gLite 3 - JDL Yes under development -
JSAGA
Globus Toolkit Yes (4.0.x, Yes (up to 4.2) -
4.2.1) JSAGA/JavaGAT
Globus Toolkit — Yes Yes - JISAGA
MyProxy
Globus Toolkit — Yes Yes - JISAGA
gsiftp
Globus Toolkit - Yes Yes - JISAGA
WS-GRAM
BES Yes Yes - JSAGA
JSDL Yes Yes - JSAGA
GRIA Yes (5.3) No
Unicore 6 Yes Yes - JISAGA
Active Directory Yes No
Java Keystore Yes Yes - JISAGA
X509 Yes Yes - JSAGA
Certificates
Storage Yes Yes - JSAGA
Resource
Manager
Storage Yes Yes - JSAGA

Resource Broker

29

(S)FTP, SSH,  Partly (http, Yes -
HTTP(S), ZIP SSH applet) JSAGA/JavaGAT
local data Yes Yes - JSAGA
management
WebDav Yes No
VOMS Yes Yes - JISAGA
iRODS Yes Yes - JISAGA
No Yes - JSAGA
Scheduler)
OGSA-DAI Yes (2.2) No
RUS Yes No
QosCosGrid Yes No
GRMS,GRMS3 Yes No

Figure 1. Vine Toolkit and SAGA comparison table.

In mentioned in this section approaches, accestianéms
to underlying services and computing infrastrucueze
hidden behind high-level web interfaces. Howevéieyt
offer relatively simple graphical and visual interés as
well as limited access control and management festu
Moreover, they have been tailored to support sedfid
services and HPC systems, whereas Vine ToolKitesrost
generic and advanced web-based framework integreited
Adobe Flex technology available to best of our kiealge.

Il. ARCHITECTURE

Starting from the top of the Vine Toolkit softwastack, it
provides an efficient and robust user interfacenérevork
based on the Adobe Flex and BlazeDs software. lllogvs
the integration of the rich internet applicatiorarstard
directly to a browser and enables applications db aad
look exactly as their stand-alone versions. Thusjsi
possible to create advanced portal applicatiores sisience
gateways where developers can create web-baseingers
of many legacy applications and their GUIs. Oné¢hef key
new requirements for Vine Toolkit regarding thesgnation
with existing portal frameworks was to enable web
application developers to create rich and advaneser
interfaces as quickly as possible. Initially, weedrto use
JS/AJAX-based frameworks within Vine Toolkit. Vau®
problems related to the software portability infeliént web
browsers encouraged us to migrate to other framenor
the development and deployment of cross-platforah ri
Internet applications. Today, there are two mainbwe
application frameworks available that integrate uals
interfaces, computer graphics, animation and ictefity
into a single runtime environment: Adobe Flex gfd
Microsoft Silverlight [8]. Both frameworks providentime
environments for most popular operating systems vaebo
browsers. They offer a large set of user interface
components and support various ways of communigatin
with web servers. However, there are many diffeesnc
between them in terms of functionalities they pdevand
the way they can be used by developers. For example
case of Adobe Flex the web application developmnient
done using MXML and ActionScript, while a Silveftig
developer has to use any of the .NET family langsad his
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makes Silverlight a natural choice for .NET devel@p One possible to extend its base functionality in a amif way.

the other hand, there are only two main developrtaris For instance, at the beginning Vine Toolkit offerecly a
supporting Microsoft Silverlight, either Microsof¢isual support for the Globus Toolkit middleware. Currgnit is
Studio (proprietary) or Eclipse4SL (open-source)or& possible to use the majority of leading middlewstacks:
development tools supporting are available for Adélex, GRIA, gLite, UNICORE, QosCos middleware [9] and man
including: Adobe Flash Builder, FlashDevelop, Fleg, other well-known standards, such as OGF JSDL, OGF
Intellij IDEA, etc. Another important criterion i license OGSA-BES or OGF-HPC Profile. Technically speakiag,
model, especially for open scientific applicatiomsid new service in Vine can be added by creating ara&pa
research environments. Both Adobe Flex SDK andé¥& project and implementing a set of predefined AHlsen,
were released under open source licenses (MPL aaffer a proper configuration, it can be used transpuily by
LGPLv3 respectively), whereas Microsoft Silverlighas the end user without any additional changes in the
released as a commercial software under the MS-EULdpplication code. Finally, Vine offers various dmphent
license. In Figure 2 we compare main technicaluiest and configurations including standalone mode, web servi

key capabilities of both mentioned solutions. mode and more importantly a ready to use integratiith
portal environments and portlet containers, e.ddsphere
Examined Adobe Flex Microsoft _[1Q] or Lif_eray [11]._Therefore, with a s_ingle swﬁre_ stack
Feature Silverlight it is _possmle to build a complex solutlor_1 con$|g_t|qf the
services, portal and set of user-customized apjgita at
Charts supor Yes Yes once available as a web gateway. Vine was desigoed
CSS styles Yes No work with well-known JSR-168 open standard and its
g reference implementation [12] and Tomcat web appbno
Integration Yes Yes container. Since version 1.1 Vine Toolkit also supp
with _ Liferay JSR-286 enterprise portal [13]. Consequentine
JavaScript Toolkit gives its users a great opportunity foratieg and
Printing Yes Not directly delivering production-quality web environments &savers
i major web-based development aspects, especially for
SDK Yes, all platforms, | Yes, Windows ( gcjentific and computing portals.
availability open source .NET ), paid, Unix
(Flex SDK). (Mono not IV.  NANO-SCINCEGATEWAY
Flash Builder ( compatible with , , . ,
Windows, Mac Os ) the latest In this section we describe an example sciencenggtave
paid. Silverlight ) _have recently deyeloped and deplpyed und_er_ the HL-G
. . infrastructure project [14]. In fact, it was a jbiresearch
Licence Adobe Flex SDK: ~ Proprietary MS-  and development effort with researchers interesied
open-source (Mozilla EULA collaborative, Web2.0 and large-scale simulationdists
Public License) based on Density Functional Theory (DFT) and MaoyhB
BlazeDS: open- Perturbation Theory. Thus, we selected a key sofwa
source package called ABINIT [15] and created from scratwdmny
(LGPL v3) new and advanced web-based applications arourid &.
Languages  ActionScript, Mxml ~ C#, Visual Basic, nutshell_, the ABINIT _S|mulfat|o_n software packagéoais
XAML for solving problems like: finding the total energsharge
: density and electronic structure of systems made of
Multi- No Yes ( SL4) electrons and nuclei within Density Functional Theo
threading (DFT), using pseudo-potentials and a planewave shasi
Data Services Yes ( LifeCycle, Yes ABINIT also includes options to optimize the georyet
BlazeDs) according to the DFT forces and stresses, or téoper
Figure 2. Adobe Flex and Microsoft Silverlight comgrison molecular dynamlcs Slmu.latlons using the_se forcesio
table. generate dynamical matrices, Born effective chargesl

dielectric tensors. Excited states can be computtdn the

Eventually, Adobe Flex was chosen for developin and | 'me-Dependent  Density  Functional ~ Theory  (for

advanced user interfaces in Vine Toolkit. The niason Molecules), or within Many-Body Perturbation Theory

was the fact that at the time of the project's jitiom, Despite of.|ts many capab|I|t|¢s, ABINIT proyldemlyj
Microsoft Silverlight was far behind Flex in ternsf command-]lne too_ls_. Moreover, it requires fromusers _not
functionality. Also, the licensing favoured Flexb@ously, ©nly domain-specific knowledge, but also a lot Bpertise
the presentation layer is a front end to varioumonents N COMPputer science, and experiences with spedéta
and services provided by Vine Toolkit, but it istijgg more  formats and structures. To hide the complexity pravide

and more important once advanced web applicatioas & Web-based collaborative access to ABINIT we eetat
available. Thanks to a pluggable Vine architectiras Many new rich web applications using Vine Toolkitda
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Adobe Flex. Consequently, we are able to suppoet tlvisualization results. It is possible to view mplé series

transparent web access for sequential and paesiéslution

from different tasks on the same chart. The chart be

of DFT codes deployed on HPC computing clusterdynamically cropped and zoomed and special valkeshe

available for users in the PL-Grid infrastructurBy
providing basic and advanced modes we are ableppost
both experts and beginners during their simulastrdies.
Moreover, Nano-Science Gateway was successful
presented at the NANO 2010 workshop attached tatthe
National Conference on Nanotechnology [16]. Durthg
workshop scientists could test our new portal sotut
solving on-line ABINIT tutorial examples on the té4PC
testbed without the need to access remote computi
clusters using SSH or file transfer protocols. Ysewere
using web browsers to perform all the computin

simulations on remote machines. It was also a grg| =

opportunity to gather new requirements, e.g. toolparse
input/output parametersin the form-like panel fo
ABINIT and other DFT code, e.g. Quantum Espress
Some parameters that were not reflected in the foooid
be now easily added using a new rich editor inattheanced
mode. One should note that inputs needed for ABINE
submission are pseudo-potentials files. Using thit-im
Vine Toolkit file manager users can easily accespy and
assign appropriate files. It is also possible torestusers
files by taking the advantage of Vine Toolkit filepository
as well as advanced access control mechanismsat@ sh
them according to defined policies.

After preparing a set of parameters and selecttegring
parameters for DFT calculations, a user can adthanset
of parameters to be solved in parallel. When thelavh
experiment is ready (typically, it consists of gsmwe
parameter sets) the user can send the experimentGiod
middleware controlling remote computinglusters. In
this approach, we used the QosCosGrid middlewaek st
together with a meta-scheduler services called Gr

Fermi energy can be also marked on the chart (ifas
calculated in given case). For those applicatioms used
Vine extensions based on Adobe Flex. The figurewel
Bhows the example experiment and it's visualizatesults.

LT

GRNED Montoing

vine-toolkit

INNOWACYINA
GOSPODARKA

Figure 3. Nano-Science Gateway — Abinit web clientTotal
ﬁ\ergy calculation and calculated functions of théotal density
electronic states (DOS) line charts.

Resource Management System (GRMS). Therefore, we

were able to make the underlying HPC resources ful
transparent for end-users, so they could focus amly
domain-specific interfaces and problems instead
struggling with computing infrastructure detailsjch as
available processing power, deployed libraries emuory
limits.

After the job submission the user can monitor &Her

IAII parameter sets and corresponding computing jobs

gether with their results are stored as casehifthver use.

his allows users to start or re-submit long teattwalations
from the portal, observe their progress after sdime
(possibly with another browser and session), vidwe t
results of completed experiments and reuse theiquev

simulations by simply checking the progress bar€xperiments altering some parameters. To enablekqui

Additional monitoring tool is a chart presenting tielative
difference between subsequent computation iteratidithe
user notes that the difference does not convergenglu
experiment, he/she may decide to cancel this taskder to
save the computational power. It is also possibleancel
the whole experiment — in this case all pendingsagor
corresponding parameter sets) are cancelled.

After each job completion the user can see gerctratilts
immediately in the portal. As it was mentioned ahoall
the ABINIT output files are stored in a Vine regdosy or
can be transferred to remote file servers, e.gdfaiP or
more advanced Data Management Services, e.g. iR@DS
DMS. The calculated functions of the total density
electronic states (DOS) line charts can be alsplalied as

search of a certain example all parameter setpendous
cases can be annotated with keywords by users., Tthigs
possible to look for similar experiments descriptioand
results using these tags by other users workingianlar
data sets. In this case, a special module for wabching is
used with two data sources available: Google and
ScienceDirect. The Nano-Science Gateway also dsngi

an additional general part showing and monitoring
computing resources characteristics to provide efuls
feedback for end-users, developers and adminis¢rdto
different administrative domains where computingstérs

or other HPC resources are located. To gatherrefigmted
metrics, various monitoring tests are invoked pdidally
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and their results are presented as graphical maps amded to incorporate popular social networking bijias;

diagrams in the portal using Adobe Flex applicatioRor
example, thanks to the QosCosGrid middleware, tesil
bi-directional tests of cross-domain QCG-OMPI0 QGG-
ProActive0 applications measuring bandwidth anereay
between clusters located in different administeatiomains
can be visualised. One of the most useful featofethis
part of the portal are Gantt charts showing locel aeross-
domain job executions as well as advance reservatial
co-allocation of computing resources in time.

monitoring tools are presented in Figure 4.
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¥, Testbed - Nanstechnology Gateway

T4 httpifjnano.man.poznan.plfeblgussttestbed
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Figure 4. Nano-Science Gateway — Testbed informatiopage
showing network latency and bandwidth together withactive
advance reservations in HPC clusters available irhe PL-Grid
infrastructure.

man poznan.pl.

V. FUTUREWORK

The future works on the Nano-Scince Gateway isdeidi
into two parts: various extensions to the existkiINIT
web package client and support for another appdicatand

Bot

some of them are currently available in Vine Tooknd
Liferay repositories. Social networking featured e used
to improve data sharing and semantic descriptiohs o
performed experiments and obtained results. Fipally
plan to add new visual components for interactuiirgy of
nano scale structures and molecules using acosterat
client-side libraries using graphical cards. Thosew
visualization features will support on-line renderiand
anagement of complex structures displayed within o
ano-Science Gateway.

VI. CONCLUSION

In this paper, we briefly presented our approachuitd
Science Gateways using our Vine Toolkit integratéth
the Adobe Flex software development kit. The presgn
web-based gateway supports various nanotechnology
scientists in execution and management of largksca
simulations on computational grids using DFT coite |
ABINIT or Quantum Espresso. The described framework
offers an effective way to start, monitor and cohtr
scientific applications via web based user-friengligphical
interfaces. Other Vine Toolkit based gateways were
successfully developed and adopted in several other
communities and R&D projects like QosCosGrid,
BEinGrid, Omii-Europe or HPC-Europa. Currently Vine
Toolkit is being enhanced and tested under theomati
Polish Grid Infrastructure (PL-Grid) project andpknned
to be deployed in production environments.
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Abstract— Nowadays, e-Science
sophisticated high level tools that allow scientist
separated by long distances and belonging to diffent
administrative domains to work on the same project.
In other to let researchers to easily access all ¢h
services related to the new paradigm, Grid Portal &
spreading and becoming very popular. An
implementation case using Liferay and
GENIUS/Enginframe technologies will be shown.

Grid Portal, e-
GENIUS,

Index Terms—Science Gateway,
Collaboration, e-Science, Grid Computing,
EnginFrame, Liferay.

I. INTRODUCTION

RID technology and ICT (Information Communication
been

Technology) based infrastructures have
instrumental for the adoption of the e-Science gigra,
allowing scientists and researchers to work togethsolve
complex interdisciplinary problems using geographyc
distributed computational and data resources wlioh
referred to as e-Infrastructures.

However, one of the weak points of this new wayoing
scientific research is related to its complexity atifficulty
of use make the learning curve too steep. Manyrtsffrave
then to be made to hide the complexity embeddetihia

In this contribution we will show the new solutiproposed
by INFN and NICE [4] to create a new e-Collabomatio

USes environment based on the re-engineering of GENIUtB w

EnginFrame 2010 and Liferay as underlying framewohk
section 2 GENIUS, EnginFrame 2010 and Liferay
technologies are presented. Section 3 shows the
architectures of the new e-Collaboration environieging
developed. Conclusions are drawn and future plaes a
outlined in section 4.

Il. STATE OF THE ART

This paragraph will introduce all the elements tlaae
involved in the design of the new e-Collaboration
environments: EnginFrame and GENIUS (subsection A)
and Liferay (subsection B).

A. EnginFrame framework and functionalities

Grid Portals are developed to provide an easy atdtive
way to access services offered by a Grid infrastinec
Researchers do not have to waste their time imilegmew
programming languages or command line tools in rotde
access Grid infrastructures, but use its servioeaddress
and resolve new scientific challenges. GENIUS [[i][Be
Grid Portal jointly developed since 2001 by INFN Ehd
the Italian web technology company NICE srl [4],sha
achieved these goals hiding the complexity of conmiriane
interfaces and fulfilling requirements of securityferred

Grid”. Even the World Wide Web (WWW) was not sopqth to user’s data and transactions. The GENIUSpis a

popular in the first times until Mosaic, father pfesent
browsers, and the first versions of Netscape wekeldped
and made available to the community of users. Ttle&an
and easily understandable user interfaces reallgenibe
WWW accessible to everybody.

Similarly, Grid Portals are developed to allow sseo
access Grid services in the easiest way with thistasice of
intuitive graphic user interfaces. Along the sanme,| the
demand of a web portal where users belonging tcsémee
Virtual Organization can collaborate paved the wayhe
creation of the so called Science Gateways.

general-purpose portal; this means that it basicatposes
some services to address the needs of generic asers
communities. With GENIUS users can securely actess
Grid, submit single jobs, job collections and pagtn jobs
(including entire workflows that can defined by &ited
Acyclic Graphs). Users can also interact, in a dessnway,
both with remote files located on the Grid Useetfdace or
on a remote File Catalog. Due to the modularitg an
flexibility of EnginFrame[5], which acts as a gealer
purpose framework “behind the scenes”, GENIUS daa a
be easily customized/adapted in order to addregs th
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requirements coming from a specific application\RC.
From a technical point of view, the portal custoatian can
be done by editing some SDF (Service Descriptide)Fi
based on the EnginFrame XML dialect. Each usercceate
his/her personal SDL files for the application tlma/she
wants to run on the Grid. Since 2001, when the fiession
was released, the portal has been tailored to aliesvs of
different scientific domains to access the Grid amd their
applications, monitor the status of their jobs, aattieve
their results seamlessly using a conventional welkwser.
The current implementation of the GENIUS portabésed
on the gLite middleware developed within the Eusope
EGEE project [6], but it can adapted to interacthvather
Grids and/or new VRCs using any kind of middleware.
Acting as a simple and intuitive “gateway” to accéke
Grid, the GENIUS portal holds a tremendous dissation
power. This is why the portal is the official pdrt the
GILDA [7] tInfrastructure running since 2004 to
disseminate the Grid paradigm through tutorials atiter
diverse training events. The 3-tier architecture thé

leading web standards, which provides
access to underlying services via HTTPS,
including HTML, SOAP and RSS;

0 The layer for the Authentication and ACL
(Access Control List) enforcement
responsible for the restriction of the view
of services by different types of users;

o0 The Data Management and Virtualization
modules which provide an abstraction
layer to access remote data sources and
supports complete data life-cycles;

The Application kits (centre left): they are paft o
the abstraction layer that hides the business loigic
specific end-user applications and (centre right)
provide other transversal services that allow
VOMS Proxy authentication and the remote access
to interactive graphic applications; applicatioms a
developed as EnginFrame plug-ins as well as
GENIUS services themselves;

GENIUS portal is shown in Figure 1. e The remote resources (bottom right in the figure):

the Grid with its computational and storages
resources.

The EnginFrame framework accepts the requests stdaimi
by the user through the GENIUS portal and transithiésn
to a gLite user interface that can access direttity grid
services.

. httpstjava/xml+rfb Web Browser
«—>@eo20e
@eng-’«hframe

B. Liferay portal framework

ApaChemcat Close to Grid Portals develop, as GENIUS, Scierateway
piig [9] are gaining popularity. A science gateway, adow to

@ Teragrid [10] definition, is a framework of toolsat allows
scientists to run applications with little concdor where

N the computation actually takes place. This is sintib cloud

HERID computing in which applications run as Web servioes

clite € > NSy remote resources in a manner that is not visiblthéoend
User Interface A user. However, a science gateway is usually moae th

collection of applications. Gateways often let gsstore,
manage, catalog, and share large data collectionspadly
evolving novel applications they cannot find anyvehelse.
Training and education are also a significant pérsome

«  The client (top right in the figure): it can beheit a  Science gateways [11][12]. _
workstation (PC, notebook) or a hand-held device:Many portal frameworks have been used in the repast

to create science gateways and one that have hegairied

*+ The access prqtocols (centre top in the figure jreat popularity is Liferay [13]. It contains seaeportal
users can use different protocols through their w

X X anagement tools together with a content management
browsers to access the presentation engineé oV&fsiem and a web content management, an enterprise
web services; service bus, all organized in a way following aviss-

« The server (bottom left in the figure): it is a Use oriented architecture. A Liferay portal is highly
Interface (Ul) machine (equipped with the gLitecustomizable thanks to the adoption of portlet nedbgy
middleware [8] services to submit jobs and manageefined in the Java Specification Request (JSRatgi3286)
data on the Grid) which runs the Apache Weland it is compatible with the most modern web aions.
Server, the EnginFrame framework and thécience gateways powered by Liferay implement high
GENIUS services. The server block is made of:  collaborative environments where users have maolg to

&ahare their works and results with their collaborst It

Integrates social networking technologies that cad

Figure 1. Three-tier model of the GENIUS Portal.

0 The presentation engine for layouts an
XSL/XML streams rendering, based on
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students and enable a community of scientist toestwols
and ideas. Unfortunately, to analyze data, usken meed
to access grid infrastructures based on a giverlmicare
and this is not currently possible out of the bathwiferay
that is not equipped with tools to interact witldgservices
as EnginFrame framework.

I1l. A NEW E-COLLABORATION ENVIRONMENT
In this section we will show the solution propossdINFN

and NICE to create a new e-Collaboration environme
[14] where the advantages of science gateway argate

with the benefits of grid portals. In subsectionw& will
explain environment's requirements, while in sulisecB
we will tell about
implementation.

A. Requirements
Although highly configurable,

GENIUS implemented with EnginFrame is only a Gri

Portal and lacks all the collaborative servicesvjghed by a
standard Science Gateway.

An “ex ante” study of a new environment has produtte
following list of requirements:

e Security and simplicity: Single Sign On (see Figur
2). Once user accesses the portal, he/she gajns
access to all his/her services and resources. r8yst

recognizes him/her automatically;

environment's architecture and

the current versiorf o .
Ooortlets themselves are very versatile tools, thap be

B. Architecture and Implementation

Currently, GENIUS is based on EnginFrame 4.1 anesdo
not support Web 2.0 technologies. Its update with new
EnginFrame 2010’s functionalities is under way. Teav
version will support portlets very much like Lifgraor
GridSphere [15] do and will ease the interaction®oiag
users belonging to a workgroup through the adoptibn
CMS/WCM technologies

In order to satisfy the new identified needs ardvalusers

fo share different kind of information offering, tite same

time, the access to the grid resources of an edtrficture,

a new architecture is proposed and described in the
following.

Referring to Figure 1, GENIUS is being replacedhwét
Science Gateway based on Liferay. In order to ketgwing

Grid infrastructure access, INFN and NICE have tped
portlets, deployable not only into Liferay but aisto any
portlet container, such as GridSphere. Moreovencesi

mixed together to realize complex custom applicetio
based on simple Grid services. They can also siyn@liid
usage too: a user can organize its personal paipeonly
those portlets he/she needs for his/her study seareh or
roject, without knowing how all available serviogsrk in

he background. This solution surpasses the GridaPo
émitations but there is still a problem to sohieg. the
ihteraction with the gLite User Interface and thetfthat it

is mandatory in the current GENIUS architecturee(se

*  Scalability: Portal performances are not influencegtigure 1). In Figure 3 we show the solution we &oeking
by numbers of user accessing the system; on. A new Grid Layer manages EnginFrame-Grid

«  Web applications share the same environment. THaeraction hiding Grid services complexity even to
new portal is realized merging two or more wet=nginFrame and acting as an abstraction layer. [Hyer
applications functionalities. It is important tovea Will be implemented using the APIs that are reléasith
a mechanism to share data or events with totﬂe middleware user interface and that let to ereatid
security: applications without the need of a dedicated mahirhe

API functions will be organized in an abstract sla® to

have a very modular structure where only necessary

methods will be implemented. This layer will alsmyide

the correct environment that which is needed toARé to

work properly.

User - Web Browser

EnginFrame

Grid Layer

-

Figure 2. Single sign-on: users use their credentsonly once
to access all Grid service.
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Open new scenarios: With these new features, every time users try tes the

At a higher level, designing a standard interfage tPOrtal and the USB token is plugged on the Ul tf&NGJS

to access the Grid services even without the neddrough the creation of a temporary proxy certicarhis
of Liferay and GENIUS/EnginFrame; user proxy is generated reading the credentiatedton the

robot certificate installed in the USB key. Once tbroxy
* At a lower layer, the new Grid Layer could behas been successfully generated by the portals user
customized for middleware different from gLite automatically redirected to the home page of th@iegtion
such as VDT [16], used by Teragrid, or others.  associated with the robot's function. Thanks to tieaw
approach, users can access the Grid infrastruetitheut
having a personal digital certificate or belongingto
any specific VO. GENIUS Grid Portal.
EnginFrame2010 latest version presents a completely
revamped user interface based on the latest Welartd0
AJAX technologies.
Currently, EnginFrame manage grid services sophgtets
deployed in Liferay allow users to access grid
functionalities sending commands to a gLite uséerface
through EnginFrame. Users, inside any instancelofeaay
portal, can submit job (see Figure 5) or uploadidoad

Recently, the architecture of the EnginFrame JaVi/X
framework, on which the GENIUS portal is built, Haeen
enhanced in order to simplify user authenticatiard a
authorization. The current state-of-the-art of tksid
security is based on the Public Key Infrastruct{if&l) of
X.509 certificates and the procedure to deal whbse
certificates are unfortunately not straightforwaspecially
for non-expert users. This is why, the high segupiblicy
requested to access the Grid has been a rathdintiigg

factor when trying to broaden the usage of Gritis anwide ¥ . . ;
community of users. In order to address this kirfd J”e to a storage element (see Figure 6); in tiisecusers

requirements, the EnginFrame framework has bed§Cess file on I.ocal machine, on user interface and
enhanced with a transparent support to robgtorage element in the same way.

certificates[17][18]. Robot certificates have beéetnoduced
to allow users, who are not familiar with persona
certificates and do not belong to any Virtual Origation
(VO), to adopt the Grid paradigm in their reseaachivity.
The robot certificate is usually associated to &cHjz
application (function) the application developeoigder
wants to share with all the Grid community and dan [EEEEEEEERIEES
installed in a smart card, or a USB key and usedutth a | oo

web portal. In order to strongly reduce the riskattthe
portal certificate can be compromised or accessedadn-

Submit MrBayes Analysis Job

setc Anilyses sing rlayes softwire

authorized users, several CAs decided to issuee thesy i

certificates on board of the Aladdin eToken USB .Keéhe =
additional features introduced in GENIUS are skedcim I
Figure 4. (s anlodyls i)

Figure 5 . Portlet to submit a job for the MrBayesexperiment.

1. ask for
S 5 a-service

FERAY
]
e pen S Fr 56

General Grid Services Mr Bayes Experiment

Navigate Catalog

zlog of your Virtuel Organization and Inspect the content

Y 6/7. qliery L& for
accoynting. data
|

rowsing the Catbing

I elite LaB ™

(Download & View | (Remove | ((Show Details

Figure 4. The new scenario of accessing a Grid irgstructure

with the GENIUS Grid portal and robot certificate. Figure 6. Portlet pre-configured to download a filefrom a

storage element.
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IV. CONCLUSION AND FUTURE WORKS

This work presents,
advantages of using Grid Portals that enhance agd the
way to access and use the grid services providetthdye-
Infrastructures.

A description of a e-Collaboration environment veher
Grid Portal, implemented using a portal framework
Liferay that encourages working group and sociaWwoek
activities, has been made with the explanation ath lihe
architecture and implementation. A Grid Layer isgosed
as the solution to generalize the concept of Sei€ateway
decoupling it from the particular middleware demdyin
the Grid infrastructure. Inside the portal, all @fitthe box
tools embedded in Liferay will be available for ugeother
to
Moreover collaboration will be provided too tharikssocial
utilities like instant messaging, blog and wiki dable in
any portal instance.

A realistic estimation of the time needed to designl
implement the Grid Layer to access the glLite middie
services is of approximately two months. Howeveaheo
middleware, such as VDT used by other grid usengldcbe
also supported in a very easy way.

Other important features that had been implemented
the GENIUS portal will be provided as remote vi&ation
using tightVNC [19].

Finally this framework will be used in two EU-furdie
Grid projects: DECIDE (life sciences) and INDICATE
(cultural heritage).
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Abstract—The development of a portlet for the MoSGrid
(Molecular Simulation Grid) web portal is described This
portlet enables scientists in the field of Computabnal
Chemistry to perform quantum chemical simulations @
remote High Performance Computing platforms through a
standards-compliant web browser. Since this portlethas a
prototype character for further developments in MoSGrid and
possibly beyond, the technologies used for its inginentation
were thoroughly evaluated and establish a common gtform
for future work.

I. INTRODUCTION

The MoSGrid (Molecular Simulation Grid) research
projectl intends to provide a standards-compliant,
functional and extensible environment for the exiecuof
molecular simulations on remote HPC facilities.

Ideally, such an environment provides guidancetfier
inexperienced user without restraining the expegen
researcher aware of all advanced options of madecul
simulation packages.

Preferably, the user interface has the look andl dée
modern desktop applications, is platform indepetddoves
not involve any local installation, and would ombquire a
modern web browser.

In principle, all these needs are met by web appbas.

OMPUTATIONAL CHEMISTRY has established However, MoSGrid intends to provide the same look a

itself as a new discipline in the natural scienédsn to

feel for the submission of compute jobs, the mamitp of

other branches in chemical research, e.g. synthesis progress, and the retrieval of (post-processedilteefor of
analytics, the community has agreed upon particulaeveral different molecular simulation codes coregubn

standards and techniques. Consequently, the nuoflvezl|
recognized computation suites is relatively smiadit their
practical algorithmic correctness is commonly ateep

various different clusters.
While the latter challenge is addressed by the
introduction of an additional abstraction layermedy the

Chemistryin silico can, for example, predict the exactUNICORE [1] middleware, the further requirement$ &ar
geometry of small molecules and their interactioithw a modular approach, in which the interfaces fordifierent

electromagnetic fields. It helps to understandntigfolding
of proteins (large, complex molecules comprisedimino
acids) as the possible cause of diseases such BgrB&]
cow disease) or Alzheimer’s disease. Furthermorm|aws
to inspect the interaction of potential pharmaceophawith
proteins in order to develop a more efficient tneatt for
various human diseases.

With High Performance Computing (HPC) infrastruetur
available at most universities and research fadlitthe
number of researchers tempted to support theirrenpatal
results with further suitable calculations rapitligreases.

The enormous capabilities of the available softwar
packages, however, come with a price. Written bYo Hp

specialists for their likes, the programmes werénoipged
for performance and versatility, while user expeci
hardly played any role. As a result, computatiogaites
mostly are pure command-line tools or exhibit giegh
user
functionality and less on design guidelines.

molecular simulation codes are realized as indegend
portlets on a common portal server.

Il. RELATED WORK

The MoSGrid project aims to establish a platformolitcan

be used by both experienced and inexperiencedrobsza

to submit their molecular simulations, monitor fir@gress,
and retrieve the results. Moreover, it is projectes] an
extensible framework that allows for the stepwise
implementation of further molecular simulationsveall as
pre- and post-processing routines, if requested.

At the present day, the submission of compute jobs
C facilities is typically performed through het
pathways: Most frequently, resources are directiyeased
via remote shells. The input files, together wipledfic job

interfaces which were developed focussing on? jointly funded by the German Federal Ministry ofiuEation and

Research (BMBF, reference 011G09006) and the Ger@ruah Initiative
(D-Grid); http://www.mosgrid.de
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scripts are submitted to batch systems, e.g. thRQUQE
Resource Manager [2] and the MAUI Cluster Schedi@er

Web portals offer a very convenient way for useradcess
services. There is no requirement to install safewand the

These allow job monitoring and fine-tuning, such aservice is available wherever a web browser can be

requesting of memory resources. Alternatively gregdh
interfaces can be found, either in the form of aapions,
which have to be installed to the end users’ P€sasowveb
based front ends.

connected to the internet. Furthermore, portalsiactate
functions for different, but connected tasks.

Portlets are small Java based web applications.
These application can be easily combined with oploetlets

When the submission of compute jobs to differeninside a portal — a graphical user interface coetailike

clusters in a heterogeneous grid is intended, reigaltes,
which establish an abstraction layer to account dtr
peculiarities of the compute clusters involved, dme a

Liferay [20]. The flexibility gained by this approla allows
writing small portlets for specialised tasks ananbining
them to larger applications. Additionally, the firtegration

necessity. UNICORE (Uniform Interface to Computingwith the Java language allows developing sophistita

Resources) [1] is a typical
middlewares. It provides access either through rancand

line client (UCC — UNICORE command line client) orthe development of

through different graphical interfaces, such as Eleépse-

representative of thesgpplications and backend logic.

Currently, there are two standards connected with
portlets, their interfaces and
interoperability. JSR 168 [15] is the basic por#étndard

based [4] UNICORE rich client. The clients allow towhich is extended in JSR 286 [21] amongst othersaiy
monitor and manage jobs and storages on the gnid, aimproved inter-portlet communication.

facilitate access to application data, e.g. theultgesof
molecular simulations.

A user action, such as clicking a button, triggers
request being sent to the server. The server'sonsepis

The UNICORE rich client was also utilized as theendered on the user’'s browser after receivingThis

user interface in the EUROGRID project [5]; a piag-

written in Java allowed for the submission of Gé&rsg6]
jobs to a grid. In the past, several projects vaeised to
provide web based access to grid resources.

follows the request-response-scheme of static egleq To
improve the visual appearance and especially tocomee
this restriction of HTML, Javascript [22] can beeds
Javascript is a scripting language which is exeatitethe

The CASPUR reported an experimental setup forlocal web browser. It is used to manipulate the uboent

the submission of Gaussian jobs to a grid [7]. ThemPo
[8] web portal and the InSilicoLab [9] represenbtather
approaches and were developed in the context cEGIEE
[10] project.

Object Model (DOM), which basically represents the
website and the browser's state. This allows design
elements which dynamically change their appearance
without requiring communication with the web server

The Chemomentum [11] project, strongly related té-urthermore, the communication with the server ban
the REACH legislation framework of the EC [12], aimed todone independently from user actions. This techylis

provide specific tools based on the UNICORE ridardl
A portal for computational
developed within the G-Fluxo project [13], hostedtlze

known as AJAX (formerly asynchronous JavaScript and

biochemistry wasXML). Information can be retrieved from the sereand

inserted into the webpage without requiring ther isewait

Supercomputing Center of Galicia (CESGA). The Pfor complete page swaps.

GRADE portal container [14] and its embedded wankfl
support is utilised. JSR 168-compliant [15] pos]ebgether
with the integration of the Java-based Jmol [16plep
allowed for
subsequent visualization of the results.

A typical web-based email application may be used
in the following way: The user sees a list of maitel an
empty text area. As soon as the user clicks onnaaig the

a complete GROMACS workflow with content is loaded from the server and inserted timéotext

area. Meanwhile, the folder structure or the listnmils,

Another implementation for GROMACS[17] was which the user sorted by date before stays untalicNe

reported from the EELA2 project [18]. This projestes the

GENIUS portal [19] which was developed to be the

standard graphical interface for the EGEE [10] gcbj
Plans were announced to integrate with this weltapfor
easier access.

I1l. MOSGRID PORTLET

A. Basic Technologies

3 Inter-University Consortium for the Application Super-Computing
for Universities and Research
“ Registration, Evaluation, Authorisation and Reitih of Chemicals

page refresh is required.

Portlets generate HTML fragments from Java code.
These fragments are embedded and displayed inathal.p
However this method lacks separation of logic aagbuit.
Apart from that it requires designing the look dfet
interface and the components from scratch.

Using the Java Server Faces (JSF) technology [23]
eases designing the websites using standardised
components. The layout and design is defined irarsee
files. The output of the components is generatetdnking
(managed) JavaBeans running on an application iselaea
Server Faces would improve and speed up the dawelop
process, but the results would still be quite stattb pages
unless Javascript libraries would be integrated.

Another Framework is the Struts Portlet
Framework [24]. It supports the Model-View-Contssll
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design pattern and therefore the desired separafiaser
interface and programme logic. It extends the J§aach The Gaussian Portlet resides in a Liferay portettainer
with support for the portlet standard. So JSF camuded to on a portal server. Submission, monitoring andieedt of
describe the design, while the framework suppohs tfinished simulations proceeds through a wrapper thi@
generation of the portlet code. Javascript or AJ#&¥ not UNICORE command line client (UCC).

directly supported. The user interface of the portlet is generated with

In contrast, ICEfaces [25] is an applicationlICEFaces. Single pages, called views, are describhed
framework based on JSF and AJAX technologies. Heparate files. Each view is backed by a JavaBehith
supports creating portlets and servlets with ex@dndSF controls the visualization and the user input. Tdtter is
syntax and therefore the Model-View-Controller desi handled by the “jobfile manager” Bean, and stonechm
pattern. AJAX technologies allow creating portlethich instance of the “Job” class. Information is proegsgside
have a look and feel similar to desktop applicatiaeed by the portlet and sent to the computational hardweiag a
scientists over the last years. wrapper class library.

The connection to the computational infrastructure Suitable parser programmes, currently launched by
is realised by using the UNICORE GRID-middlewargifi. the portlet, extract relevant information from simulation
version 6. This middleware provides means foresults. Their development, completely independenin
transparently submitting simulation jobs to differelusters the portlet, is beyond the scope of the article.
and collecting the results using consistent medimese Further development and independent optimization
services are provided by the client layer of UNICE3R of the project’'s modules will benefit from the |agd
three layered architecture. The second layer, #rgice architecture outlined above, e.g. the wrapper fibra
layer, amongst others transfers files, manages fites and currently used to utilise the UCC will be repladeg an
registrations, and authenticates users. The sydsgmr improved connection layer to the UNICORE middleware
contains the target system, i.e. the computinguresoand without additional changes to the system.
the target system interface (TSI).

For the integration within MoSGrid, interfaces with IV. USEREXPERIENCE ANDEVALUATION
the client layer or a library implementation of thkent

) HE described Gaussian Portlet convinces by its
layer has to be found or implemented.

adaption to the demands of chemists who have no or
few knowledge of informatics. The portlet offersotmodes
for the job submission: i) direct submission ofra-defined
. . . Gaussian input file (.gjf or .com) or ii) assemblirall
Modellllng the el_ectrqmc structure .Of molecules_mze of required information in a graphical user interfacaUl)
the major domains in Cqmputauonal Chem'St_W? th9\/hich is easy to use due to its clarity and resamt# to
Gaussian [6] quantum .Chef“'c.a' program package @soén other popular GUIs. No special programme or shad to
th?l_ﬂe fGacto s.tancé)ardls in this f'eldd h develm be installed, the Gaussian Portlet can be accefissatly by
€ L>aussian ortlet p.resente ere was deve czpegl U standard web browsers which is a great advantageséos.
a user-centric approach in collaboration with themical The direct submission is a fast and easy way taniub
community (see S_ectlon V). . jobfiles into the grid. An input file conversionkes place
The prototype s fully functional and maps a co_mple behind the scenes. Thus, Windows users can direahnit
qllljantum chemical workfl(;)thhe use of wez t](cachr_]_mzlsg” their job files to GNU/Linux clusters without manua
allows easy access and there is no need for imgfall o, ersion. For the novice user, the GUI allowssétect
additional software. The architecture of the fpsitotype is several computational methods, basis sets, furaiion
depicted in Figure 1. charge, multiplicity, and many more options (e.dxiny of
HOMO and LUMO). After the definition of job type dn

B. First Prototype

User PC details, molecular coordinates can be uploadedréetfte
e e portlet generates the job file. The user may insped
/ modify it, e.g. with additional keywords, beforeetfpob is
Portal Server ICBFaces submitted. The user is guided intuitively throudie steps
Liferay Visualisation of the Gaussian job file generation.
Portlet Jobfile Gen. After submission, the jobs appear with name and
Job submission ID in a panel. The job status (“running”
UCC Wrapper “failure” and “finished”) is displayed as well.

After successful computation of the job, a buttorthe
right hand side allows displaying and downloadirng t
output file. As additional feature, the generatafradapted
output files by targeted extraction of desired datanabled.
At the moment, several parsers are implemented hwhic
automatically extract relevant information of thauSsian

UNICORE

Figure 1. Architecture of the Gaussian Portlet.
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output. In case of a frequency calculation, sevpeats of
the output are presented to the user: i) the futibat file, ii)
vibration analysis, iii) thermo-chemical data likero-point

processing options, as well as advanced schemasyiing
sequences of grid-distributed calculations, mergifighe
results and resubmission of the data to other mitdec

energy correction, and correction to enthalpies &iltbs simulation codes.
free energies. By this automated output extractioa,user
gets an extremely fast overview of the most impdrta
results of the calculation, e.g. if the calculagtdicture is a
minimum structure. Furthermore, the extraction hefrino-
chemical data facilitates the further process afisforming

the calculated electronic energies into ZPE coecbct
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Abstract—Molecular simulations are an invaluable tool in
multiple research areas like chemistry, biology, ash physics.
The emerging MoSGrid (Molecular Simulation Grid) portal
intends to integrate various molecular simulation ¢ols in
WSPGRADE, a workflow-enabled grid portal. The portd will
therefore also support the execution of workflows sing these
simulation codes. UNICORE is a grid middleware withthe
additional feature of an integrated workflow engine Here we
present a tool to invoke subtasks of a WSPGRADE wkflow
in UNICORE and vice versa, to integrate existing UNCORE
workflows in WSPGRADE workflows. Researchers are
enabled to create and use both kinds of grid workfiws without
the need of becoming acquainted to the grid infrasticture or
the workflow languages.

I. INTRODUCTION

Therefore, MoSGrid, the Molecular Simulation
Grid project, develops a problem-driven portal tovide
molecular simulation tools on the resources of @man
D-Grid initiative. This portal supports new users the
process of creating chemical simulation jobs ardwesl
advanced users to just import all molecular infadarathey
need and start powerful workflows following chentica
recipes. For the creation and use of complex wowdl
MoSGrid integrates the grid middleware UNICORE @l an
the WS-PGRADE portal.

The remainder of the paper is organized as follows.
Sections Il and Section Il give a brief introdactito WS-
PGRADE and UNICORE. Section IV describes the
integration of UNICORE into the MoSGrid portal. 8en
V shows an exemplary use case and Section VI piesen
related work.

AINING new knowledge about the behavior of new

substances, understanding chemical reactions, tend t
design of effective drugs is complex and time-caonisig
work. Today's chemists are supported by molecular
simulation tools that gather information about Edies of
molecules based on theoretical procedures. In catipe
with powerful computing infrastructures, these peogs
allow to gather information about increasingly coexp
chemical structures. This information saves a fdire in
research and drug design, as only the most prognisin
substances have to be synthesized and analyzed.

However, computational chemistry has two major

drawbacks. Firstly, the number of electronic stiuet
methods and molecular mechanics and dynamics atks
their usability is often limited. Secondly, the caolexity of
the methods as well as the missing graphical ugerfaces
complicates their use.
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. WS-PGRADE interoperability, operating system independenceurssy,
The MoSGrid portal is designed as workflow-enakgedt  nd autonomy of resource providers. _
portal developed on top of WS-PGRADE. In general, §urthermore, the software is easy to install, qurk, and
portal can be defined as a web-based framework fafministrate. UNICORE is being deployed and usea in
integrating information and applications. It opesgcross Variety of use cases, ranging from small projeotsarge
organisational boundaries and as a single entrytgor a (mult|3|t_e) infrastructures involving high-performze
community. Users can customise their tools and siemd COMputing resources. _
do not need to deal with the details of softwarsttiation UNICORE has been developed in several German and

and hardware configuration. A grid portal is a sfieportal  EUropean projects since 1997 [5]. Its current wversi
that utilizes grid infrastructures. UNICORE 6 is based on Web services, using many XML

based standards such as JSDL, XACML and SAML.

Graphical User Interface: WS-PGRADE I comp‘:;'selfv:sgrtlets Target
Client Tier ;| Gateway Tier | Services Tier SR
: System Tier
Workflow gUSE = | =
storage gUSE storage I _MI-.TEh |:._:-’,.*..!l
information Autonomous Workflow
Workflow. system Application Services: LE"'EI\ Services
Engine repository high level AP «
| — middleware :
service layer .
Meta-broker SubmittersI Logging I - =
I — Rich GL}\ | < ]-\;55'7.
. Client —
Local resources, service grid VOs, g?;glir‘;:; \ . “uupe
Desktop Grid resources, Web services, Databases service layer |;f
'-I f“, —_—ﬁ “\" £ k' \"-: - -\.]H|
_ ) ) — Gatew =il =
Fig. 1. WS-PGRADE and gUSE internal architecture. Cummandline,’ Lo I_-_' loiim pe gl i
Clhient / [ =8 | Sl
. . . . UMICOREMX TSI
WS-PGRADE is an easily usable, highly flexible, co- oy \.
operative, graphical user interface for the gricetUSupport [|_=_‘|| .—Ej_ﬂg_
Environment (gUSE) [1]. It provides a collaborative == =2
community-oriented application development envirenin Fortal Reqistry
where developers and end users can share soptadtica
(layered and parameter sweep enabled) workflows [Zig. 2. UNICORE 6 architecture.
workflow graphs, workflow templates, and ready-to-r
WOVkﬂO_W aDF?"C&t'PnS_ via a reposﬂory. o As can be seen in Figure 2, UNICORE consists of fieus,
gUSE s a virtualization environment providing aga set namely the client, gateway, services, and targgtesy tier.
of hlgh-|EV6| Distributed Computing InfrastructurGBCl) A variety of clients exist, from programming

services by which interoperation among classicaVise interfaces[6], a command-line client[7], a powerful
and desktop grids, clouds and clusters, uniquesee¥ices, graphical client based on the Eclipse frameworlpdedtals
and user communities can be achieved in a scala@je 35 described in this paper.
Internally, gUSE is implemented as set of Web sesi  The gateway is a thin authentication and routing
which dynamically provide user services in DCl amdNeb  component protecting the grid services behind ihe T
services environments (see Figure 1). underlying services tier provides basic serviceshsas
WS-PGRADE uses the client APIs of gUSEresource discovery, job execution and storage accs
services to turn user requests into sequences @EgUwell as higher level services such as the workfystem.
specific Web service calls. WS-PGRADE hides the The target system tier connects the services frben t
communication protocols and sequences behind JSE168 ypper tier to the specific resources. It consiétthe Target
compliant portlets and its GUI can be accessedW&b System Interface to communicate with the batchesgst
browsers. file-system, and local operating system.
The UNICORE workflow system consists of two major
. UNICORE services: the workflow engine deals with workflow
UNICORE [4] is an integrated grid middleware syst¢mat Processing, while the service orchestrator combines
includes a full software stack from clients to seveserver resource broker with a single job execution managee
components down to components for accessing thealactworkflow engine offers powerful constructs such as
compute or data resources. Its fundamental ideas &equences, loops, conditions and workflow variablése
abstraction of  site-specific  details, opennesglefault workflow description is a custom XML dialec
though the engine supports multiple workflow destion
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dialects through a plug-in architecture. Singlesjab the workflows can be processed via the UNICORE submitte
workflow are passed to a service orchestrator fokéring Instead of starting solely a single job, a workflswnvoked
and execution. which is managed by the UNICORE workflow engine.
UNICORE workflows appear to gUSE solely like a $&ng
job (Figure 4).
IV. INTEGRATION OFUNICOREINTO THE MOSGRID UsE : unicore Resotrces

PORTAL MosGrid Partal UNICORE
(Ws-PGRADE] Engine sﬁ::;
The integration of UNICORE into the MoSGrid portal | g & Em | Y | (e con
consists of two parts. One part is to add a sedall | &
submitter (a Java-based application) to gUSE, thergart 3
is to make the submitter and corresponding infuattires - :
available to the users in WS-PGRADE. Latter offer: _-HE/
authentication with proxy certificates, which fite the '
supported grid middlewares like Globus Toolkit agidte.  Fig. 4. Involved components for handling a UNICORE
Currently the prototype of the MoSGrid portal ateties on ~ Workflow.
X.509 proxy certificates converted into PKCS#12dtees.
The aim is to use SAML (Security Assertion Markup Thus, users are enabled to re-use existing UNICORE
Language) avoiding that the user has to downloadoay workflows via the MoSGrid portal within a WS-PGRADE
certificate from a MyProxy server into the portak fthe workflow. The portal presents information about 8tatus
invocation of UNICORE jobs. of each task of an invoked WSPGRADE workflow. This
also includes the status of UNICORE workflows.

A. gUSE submitter for UNICORE

gUSE offers a grid service interface to integratgious B- Intégration of UNICORE into WS-PGRADE

high performance computing (HPC) facilities througfid The integration of an existing submitter and cqroesling

middlewares via submitters. Submitters are usedsifigle VOs can be intuitively processed in WS-PGRADE. The

tasks of a WS-PGRADE workflow; the workflow itselhd  portal enables administrators to easily add new bl

its dependencies are handled by the workflow engifie infrastructures, and high-performance facilities tasget

gUSE. This encapsulation of tasks allows to submitystems for workflows via a portlet. Once theséirsgs are

different tasks of one workflow to the local porsarver, to stored in the portal, end users can choose froist,anthich

diverse HPC facilities, and grid infrastructuressdbmitter submitters they want to use for a task in a workfl@ heir

has to provide the following methods. credentials are checked as soon as they want tmisab
0 actionJobSubmit - submission of a job includingvorkflow to the chosen resources.

the data staging

actionJobAbort - cancel a job V. USECASE

actionJobOutput - get the output of a job Scientists are dealing with a broad range of qoestiand
actionJobStatus - query the status of a job _challenges when simulating molecular systems. Grthe
actionJobResource - return the resource the jqfyquently repeating tasks is the preparation, mizetion,
was submitted to and equilibration of a globular protein as prersiiai for
production runs. This task (Figure 5) is preserdeduse
case for Gromacs [8] in the following section.

O O 0O

The gUSE submitter developed for the MoSGrid
portal (submitter unicore) provides these methaaset on
the UCC libraries (Figure 3).

MeoSGrid Portal UNICORE
(WS-PGRADE) |
4 o A ;
USE UNICORE 1 ¢ : earteont.
g i Resources vdhi"am oci) i Z’ '
MoS6ri i [ mdrun E
08Grid Portal UNICORE T lwniitp) 4 _(pdb) E
{WS-PGRADE) Aomic { S i
m 7 s ‘ j H }7
Engine UNICORE B pa d =
(=] i M foreet system £2Y
B hasting | [esce = ’—)[_]j‘ﬁ y o 4
m. . environment ! : ] - = h
{UNICORE job} g Batchsystem = [E— i
! 1

Fig. 5. Preparation, minimization, and equilibration of a
globular protein.

UNICORE submitter

Fig. 3. Involved components for handling a UNICOREob. The first task is to identify all atoms and bondsorder to

) o generate a correct description of the atomistieratdtions, a
The advantage of using the UCC libraries compaoetthe

programming interface HiLA is that also UNICORE
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so called topologytépol.top). This is accomplished using the academic partners under an open source licarmse.
the Gromacsool pdb2gmx. ProSim [11] project offers workflows and workflow
All hydrogen atoms on the protein are adjusted ating to  templates for carbohydrate recognition in a postakop of
the requirements of the force field (here a Grorbos9WSPGRADE with access to several grid infrastructure
derivative 45a3) being used for the later simutation order The projects MoSGrid and ProSim can benefit frorahea
to achieve a reasonable protonation state. Theltirggu Other. Users could re-use workflows of ProSim fab-s
structure with force field consistent atom namesuisinto a  areas of molecular simulations in the MoSGrid doatiad
simulation box usingditconf. the ProSim portal could offer carbohydrate recagnitin
The size of the box is chosen just |arge enoughvmjd UNICORE 6 infrastructures. Another related projEI:lG—
mirror effects by neighboring PBCcells. Afterwattie box FLUXO [12], which provides Gromacs workflows and
is filled with SPC water usingenbox. The topology file is Visualization of the results with Jmol in a portaised on
updated accordingly. The precompilgompp is executed PGRADE,. the first generation of_ WS-_PGRADE. _Slnce
in conjunction with a simulation descriptioreM.mdp) Gromacs is one of the molecular simulation toolsS@oid

. . : - - ill support, the workflows of G-FLUXO could be
yielding the filetopol.tpr including all coordinates, bonds, Wi L . .
forces, and further information to carry out an rgge integrated into the MoSGrid portal. Galaxy [13] &

minimization. This calculation is carried out bylltey a Intuitive science gatewa_y for_ creating and sharing
workflows, especially for life sciences. Howeveral&xy

MPI-parallel version of mdrun. The output of the .
minimization is directly taken as starting point @ brief does_ hot enable users to invoke workflows and iml seem
to grid infrastructures.

equilibration run. Again the precompilegrompp is
executed using a different simulation description VIl CONCLUSION ANDFUTURE WORK
(FULL.mdp). After 250 ps the last frame of the simulation is '

written to SYSTEM_EQ.pdb serving as starting point for ~We presented MoSGrid's support for UNICORE 6 jobs
production runs, docking studies, and/or furtheersific ~and workflows in WS-PGRADE and demonstrated a use
analysis (Figure 6). This scenario is meant assisithat Ccase with Gromacs. Users are enabled to create-ise,

will and to submit WS-PGRADE workflows to UNICORE 6,
and vice versa, to invoke their existing UNICORE
workflows via WS-PGRADE. At this stage, a UNICORE
workflow forms one task in a WS-PGRADE workflow and
is treated as a single job. To visualize the stmactof a
UNICORE workflow and to monitor the single taskse w
intend to offer a conversion of UNICORE workflows t
WS-PGRADE workflows. Hence, the users have the same
features in the portal for both kinds of workfloessd do not
need to distinguish between them.

Fig. 6. A small penta-alanine was equilibrated bya 200 ps

molecular dynamics simulation. ACKNOWLEDGEMENT
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Recipes for Success in New Science Gateway
Development
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maturity. Each stage is different and carries witlits

Abstract—This paper describes how one can use lightweight own set of needs. Things that are good for a gatdatar in

middleware solutions as a rapid prototyping technige in the
development of a new science gateway. Much attericand
funding has been given to the development of large,
comprehensive cyber-infrastructures (Cl). While these play a
critical role in facilitating partnerships, bridgin g institutions,
and exposing core services to a broad audience, thean slow
down the development time for new gateways. In thipaper,
we provide a cookbook of alternative approaches tprovide
services commonly provided by CI without the heavywight
software stack. These recipes can be used to rapidbrototype
new science gateways. The first section of this papcontains
the cookbook, with recipes grouped into categorie®f job
submission, monitoring, workflows, and file managermnt. The
second section presents a gateways using these teghes in
practice.

Index Terms—Gateways,
development, web service.

cyber-infrastructure

I. INTRODUCTION

life are not necessarily good for it in childhoo®ne
example of this is complex service-oriented arciitee.

Much attention and funding has been given to the
comprehensive service-orgente

development of large,
cyber-infrastructure (CI) solutions. While theseaypla
critical role in facilitating partnerships, bridgjnnstitutions,
and exposing core services to a broad audiencyg, dhe
slow down the development time for new gateway$usb
Cl is ideal for long-term production runs, but dasrwith it
a strong learning curve, a large set of dependeneird
dozens of features that will never be used by mastways
throughout their lifetime. While such a service cktas
something that a heavily used, production gatewayldv

want to move towards as it matured over time, it is

prohibitive for prototyping new gateways and fore usy
gateways with small usage and user bases.

In this paper we present simple, lightweight solosi for

Science Gateway is defined as, “a communityptaining desirable features of a ClI without usiag
developed set of tools, applications, and data hat heavyweight software stack. These are straightfatwa

integrated via a portal or a suite of applicatiarsjally in a
graphical user interface, that is further custohize meet

proven approaches that can help birth a gatewayamg it
into its childhood stage. The paper is broken domta a

the needs of a targeted community.” [1] Note thae t cookbook section and a case study section. Thebomik

authors say nothing about the size of the targete@ction is organized into groups of recipes for job

community, or the overall usage of the gateway.sTiki
because gateways vary greatly in their user badettair
use cases. NanoHub ht{p://www.nanohub.olg the
Longhorn Visualization Portal
(https://portal.longhorn.tacc.utexas.edwind the UltraScan
portal (ttp://www.ultrascan.uthscsa.eflidre all examples
of heavily used gateways, however their
functionality, and number of users vary dramaticall

focus, I

submission, monitoring, workflows, and file managen
The case study section looks at one gateway usicipes
from the cookbook in practice, PetroApp. We conelwdth
a short summary and tips on moving from the cookhtoo
Cl.

THE COOKBOOK

Despite their differences, these gateways all share This section serves as a cookbook for building siotple

common characteristic: they make the process adwtting
science easier for their users. They do this byraddalue

service solutions to common needs when developew n

science gateways. These techniques are not nebessar

to the existing resources, software, and servicegiged by @ppropriate long-term solutions, nor should theylaee the

their underlying resource providers.

role of a mature middleware infrastructure for &sgale

production gateways. They are, however, very useful

Successful gateways do not appear overnight. They &chniques for getting a gateway off the ground iaial the

not start out on day one with a large user baseheady
usage. Successful gateways evolve over time. Thew g

hands of users much, much faster.

through birth, childhood, and adolescent stagethein way A. Job Submission

to

The core functionality provided by many gateways is
running end-user applications. Running applicatians
HPC systems requires interaction with a batch queui
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system such as PBS, LSF, SGE, etc. Every schedatea
slightly different syntax for defining a job. Thesee several
solutions for abstracting these platform-specifietails
using robust middleware solutions, however theyuireq
several other dependencies at the resource andeséayer.
Additionally, when initially building out a sciengateway
prototype, the number of machines on which youewgat
will run jobs is usually 1, so adding middlewareeddittle
more than add complexity and points of failure yanm in

the development process. To get up and runningkbypiit

is sufficient to deal with the queuing system diec
Chances are that this experience will be valuablendthe
road when running on other machines regardlesshethver
you use heaver solutions at that time.

Submitting a job directly to a batch queuing systequires
the creation of a batch submit script. If you'reilthng a
gateway, you are already familiar with what shog in
this script from your experience running your apgtions at
the command line. For all of our job submissionipes,
generating this file is a pre-requisite.

50

That being said, people still poll HPC due to tleanth of

an eventing system provided by most resource peosidf

an arbitrary publish/subscribe system were availabl

polling would be neither needed nor desirable as a
monitoring technique. The following recipes deserib

several ways to implement lightweight event-driven
solutions using asynchronous callbacks.

Recipe 4— Monitoring With A Trigger Service: A trigger
service is a simple service whose only purpose ispdate
the status of an event when invoked. In the conméxhis
recipe, a trigger service used for job monitoringud be a
REST service that reads the local job id, a unigpkz
identifier, and a status from the URL and updates t
relevant record in your database with the new statiou
invoke the service by adding several curl commaadsur
batch submit script at the points where a job starhning,
stops running, starts staging data, finishes stpgata, or
fails. Advantages of this approach are its simplicthe
service can be a simple php page), ease of deplayfjest
adding a couple lines to the batch submit scripti’ngo
creating), and scalability (you can use this jobnitaring

Recipe 1- Job Submission By Direct Invocation: Copy allrecipe no matter how large your usage grows).

your required files to the remote machine. Geneaabatch
submit script, then SSH into the machine to subttmé
script to the job queue. You can parse the outfuhe
submit command to get the local job id.

Recipe 5~ Monitoring With Email Notifications: This is an
old but effective solution. Every batch schedulives you

to subscribe for email updates when jobs starp, sto fail.
Some schedulers allow you to subscribe for evenemor

Recipe 2—- Job Submission By Automated Invocationchanges of status. These emails can be used asitorimy

Create a new Action Folder [2] on the remote maelind
configure it to submit its contents to the remoteug. This
requires no direct interaction with the machineeotthan a

tool. Simply set up an email account for your gatgwnd
subscribe for notifications with that address. Wharemail
arrives, use the local job id in the subject lioéaokup your

file copy. Depending on the needs of your particularecord of that job in the jobs table of your gatgwa

situation, the ActionFolder can send the localippback to
your application, write it to your database, oresavin a
file.

accounting database and update the status to venateus
is given in the email. Depending on the schedyleu can
also obtain information about the start time, eineet wall
time, memory, nodes used, exit code, etc. This lsan

Recipe 3- Job Submission Using the Scheduler API: Someelpful when debugging the underlying applicatiosing

schedulers come with web service APIs installed &fault.

your gateway.

In the case of SGE, it uses the Distributed Resourc

Management Application APl (DRMAA) [3]. DRMAA

Recipe 6~ Monitoring With A Database: This approach is

compliant services are also available for LSF angretty straightforward. In your batch submit scraimply

PBS/Torque, though you may need to set those
separately. If they are already installed, this rapph
simply requires you to copy the data to the renméehine
and invoke the service. The main difference heragbthat
your batch submit script would be writing in the Xkased
Job Submission Descript Language syntax [4] rathan
the textual local submit script syntax.

B. Job Monitoring

In the author’s experience, polling is bad and #hde

avoided whenever possible. It puts unnecessary tad
system resources, creates excessive chatter omwarke
scales horribly, and still never achieves real tieedback.

Yipdate your database at different points in the fib
indicate the progress of a job. Advantages of &pigroach
are that it is fast and scalable. Disadvantages thaé¢
compute nodes may not be able to access your dbtfreir
internal network. You would also have to includeuyalb
connection parameters in the submit file, which may be
desirable for security reasons.

C. Workflows

Workflows are inherently complicated. There is haran

easy solution that works in multiple situations.aAsesult, if

your gateway’'s use case is such that you need dater
arbitrary, user-defined workflows, you are bettérstarting

If that is not enough, system administrators highlyyt using an existing workflow solution such as XBa

discourage polling of their systems.

Taverna, Kepler, Triana, etc. If, however, you hys a
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handful of predefined workflows, or you are limgiryour
use cases to just a few possible workflows forpiteeotype,
the following recipes may be just what you need.

Recipe 7-— Running Workflows Using ActionFolders: We
already described how ActionFolders can be useslibanit
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data. This approach inherently handles privacy eissu
without requiring you to implement access contrists|
permissions, or write your own file system. Thipajach
works well for organizing job output data as wel a
virtualizing online storage.

jobs. They can also be chained together to executecipe 10- Implementing a Collaborative File Space: You

workflows in lock-step. For example, use one Acfolder
to submit a job. Use a second to hold the outpuhefjob
and watch for the job to complete. When the firgb |
completes, the second ActionFolder can use theubwp
the first job to submit another job, post-procestadarchive
the output, start a visualization routine, or amghelse you

do not need to deploy a full-blown document manag@gm
system to provide basic collaborative file shartogyour
users. User-defined sharing relationships can
implemented simply using shadow files or a smathbdase.
Given a server with sufficient disk space, standgigervice
using Recipe 9 to create and map user folders., et a

be

may need. This process can continue as many timeés @€rmissions interface to your service to allow sser

across as many resources as you need.

Recipe 8- Managing Workflows Internally With Triggers:
Using the concept of trigger services above, you wae
together multiple events into a workflow using baltks
and your own internal logic. When one job finishiesyill
callout to a trigger service that updates the statua job
and optionally starts another task. For well-define
sequential, independent tasks, this can be a vigngc
simple solution. However, as workflow complexity
increases, or the need for parallel tasks arisé&sapproach
can quickly degrade into what essentially becomes y
writing a custom workflow system.

D. File Management
File management is a critical, but ignoble taskniost

specify other people with whom they would like toase
particular items. Store this relationship in a shaed
lookup file in both the owner's home folder and ithe
colleague’s home folder. Lastly, implement logic yiour
file management service that implements a smadefoin
every user’'s home folder. These smart folders agpear as
another folder, but instead of listing physica$il they will
read the authenticated user’s lookup file and wesdhe
requested path against its entries.

The PetroApp is a gateway used to support the Bldck
Reservoir Simulator [13]. The BlackOil reservoimsilator
solves the equations for multiphase fluid flow tgh
porous media, allowing researchers to simulate the
movement of oil and gas in subsurface formationaclgOil

PETROAPPCASE STUDY

gateways. Many times it is viewed as a necessaily evS a computationally intensive application. Simigdas

something to be dealt with, but never embraced. Jdoed
news is that there is no need to reinvent the wiiéedre are
already many good file management solutions aviailab
CLI [5][6][7], API [8][9], and web services [10][Q[12].
They each have their own advantages and disadvents)
well as relevant usage scenarios. Fortunately, Hreyall
well documented and widely used on many existirgjeats
for points of reference.

Thus, in this section, we include recipes for saommon
file-related tasks rather than basic file manageémehe
following recipes describe approaches to virtuabzeiser
file space and implement collaborative permissions.

Recipe 9- Virtualizing A User File Space: Your gateway
will have a user account under which it runs onrémaote
HPC systems. To provide your users with their owskd
allocation, you can virtualize a user file space dach of
your gateway users within your gateway accountle fi
space by resolving all file requests relative te fgath to a
file you create for each of your users. When arilguest is
made, generate the canonical path of the requestédto
resolve parent file references, and then appendethdting
string to the path of the user’s folder in youreyedy home
directory. With the resolved relative path, you ¢hen use
any of the file management tools above to manage'sus

generally require 100 iterations, each comprisecbafhly
300 highly independent tasks that are run usingask t
farming approach. Total execution time for the ruam
vary between 2 and 95 days depending on the sizbeof
underlying compute resource. The user was runrtied t
simulations by hand, but had trouble tracking thegpess
of all the tasks and visualizing the output. PeppAvas a
pilot project to explore how a science gateway doul
increase his productivity and speed up his timemfro
proposal to publication.

The main goals of the PetroApp project were to dghe
researcher a way to track the progress of his jebsily
determine where his simulations were running, asdally
locate results of interest by looking through amragate
photo album. To accomplish these goals, we builtain
tabbed view to provide each of the above features i
separate view. Figure 1 shows the monitoring pavii
results from the current iteration loaded in thghtipane.
Figure 2 shows a Google Map overlay of where threetit
iteration is running. Figure 3 shows an image galtd the
output images from the current iteration.
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The front end of PetroApp was written using the @eo
Web Toolkit [14]. We used Apache Tomcat and a
PostgreSQL database to run the services. Sincastrewas
already utilizing the SAGA Toolkit to manage the
individual tasks, we took advantage of SAGA’s parsice
module to implement monitoring using Recipe 6. Btedt
the end of long runs and start the archiving andt-po
processing tasks, we used Recipe 4.

The output of interest from each BlackOil task is a
summary file and an image file. We used the IRODY] |
CLI and API to move data from the job output fokléo
archive. Once the files were archived, they westaintly
available in the PetroApp image gallery shown iguFée 3.
After the initial requirements conversation, thetato
development time to get an initial working versiohthe
PetroApp up and running was less than 5 days.

IV. CONCLUSIONS

There is no replacement for a well designed, rqbust
production service infrastructure to support mature
gateways. However, on the way from proposal to
production, new gateways must iterate over features
architecture, and user interfaces. Building in supfor a
production middleware stack early in the developimen
process can add unnecessary complexity and slow dosv
project as a whole. In this paper, we have providéd
recipes for success to help you add functionalityilar to
that provided by production middleware stacks, wuithall
the moving parts.

Once a gateway prototype is stabilized and readycdee
towards production, attention must shift from siyngétting
something in place, to getting scalable infrastretin
place. The good news is that the recipes givehisagaper
can be swapped out one-for-one in a modular way and
replaced with more heavyweight solutions. When dain,



INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG 20), 20-22 SEPTEMBER 2010

you can be confident that your gateway logic iplace, and
focus solely on the idiosyncrasies of the Cl yooade to
adopt.

ACKNOWLEDGEMENT

We'd like to acknowledge Steve Mock, Matthew Hanlon
and Praveen Nuthulapati for critical review of tipiaper.
The writing of this paper was supported by the O@eiu
Computing Environments (OGCE) project. OGCE is feohd
through National Middleware Initiative award number
0721656 by the National Science Foundation.

REFERENCES

[1] TeraGrid Science Gateways,
https://www.teragrid.org/web/sciencegateways/

[2] Action Folders http://www.tacc.utexas.edu/tacc-projects/actiordasd
[3] "DRMAA and GridRPC Documents Achieve "Grid Resmendation”
Status". Open Grid Forum. 2008-01-07.
http://www.ogf.org/News/newscal_enews.php?oct07#3N

[4] "Job Submission Description Language (JSDL)cHjmation, Version
1.0". Global Grid Forum. December 2005.
http://www.gridforum.org/documents/GFD.56.pdf

[5] BBFTP, http://doc.in2p3.fr/bbftp/

[6] The Globus Striped GridFTP Framework and SeMérAllcock, J.
Bresnahan, R. Kettimuthu, M. Link, C. DumitrescuRa&icu, I. Foster.
Proceedings of Super Computing 2005 (SC05), Nove20@5.

[7] SSH File Transfer Protocol,
http://en.wikipedia.org/wiki/SSH_File_Transfer Rycol

[8] Features of the Java Commodity Grid Kit. Gregon Laszewski, Jarek
Gawor, Peter Lane, Nell Rehn, Mike Russell, andtéackson.
Concurrency and Computation: Practice and Expeegieh4:1045-1055,
2002.

[9] The SAGA C++ Reference Implementation ,"Lessbearnt from
Juggling with Seemingly Contradictory Goals",00P3L@SD 2006,
Authors: Hartmut Kaiser, Andre Merzky, Stephan HirptGabrielle Allen
[10] Globus.orghttp://www.globus.org/service/

[11] TeraGrid Virtual File Spacéip://vfs.teragrid.org

[12] T. Kosar and Miron Livny, “Stork: Making Daflacement a First
Class Citizen in the Grid”, In the Proceedings #f2l[EEE International
Conference on Distributed Computing Systems (ICR20®4), Tokyo,
Japan, March 2004.

[13] “Developing Autonomic Distributed Scientificpplications: A Case
Study From History Matching Using Ensemble KalmalteFs,” Yaakoub
El Khamra and Shantenu Jha. Sixth Internationaf€ence on
Autonomic Computing. Barcelona, 2009.

[14] Google Web Toolkithttp://code.google.com/webtoolkit/

[15] iRODS: integrated Rule Oriented Data System,
https://www.irods.org/index.php

"™ Rion Dooley Rion joined TACC as
a RESA Il in the Distributed and
Grid Computing Group in March
2006. His responsibilities include
architectural design and
implementation of the iPlant
Collaborative APl amd TeraGrid
Mobile User Portal. He is also lead
developer on the TeraGrid's
comprehensive file management
services. Prior to joining TACC, Rion was an IT A at
the Center for Computation & Technology at LSU vehke
served as principal coordinator for CCT on the Ghdm
project as well as the Cactus Task Farming Infuattire

53



INTERNATIONAL WORKSHOP ON SCIENCE GATEWAYS (IWSG 20), 20-22 SEPTEMBER 2010 54

A web portal for management of biological data
and applications

Matteo GnoccHj Alessandro Orrp Davide Di PasquateLuciano Milanesi
YInstitute for Biomedical Technologies, Segratdylthuciano.milanesi@itb.cnr.it

implemented in last years with different featuresd a
supporting different genotyping and gene expression
Abstract—Recent advances in methods and technologies technologies 000000. Even though these are useis,t
for molecular biology and medicine are going to prduce an unfortunately, none of the available systems seebeteasy

increasing amount of data related to DNA samples Malso o 1amize or integrate in pre-existent infrastiices. In
to phenotypes believed crucial in the disease undestudy.

Presently medical research area is characterized by Particular the integration in a unique dat{?\basgejfotype,
heterogeneous data that are difficult to manage ia complete  phenotype and demographic data coming from differen
and consistent way. In fact the use of different laboratories facilitates the generation of repdds both

complementary technological platforms is often neasary in  visualization and data input for further analysis.
order to validate experimental results and these ptforms In this work we present a web portal that allows
are often located in different laboratories. developers to integrate the computational resoumes

We propose the implementation of a web portal to da mfor,m_at',on_ usually ~ produced and_ ma_maged n-a
management in bioinformatics laboratories in whichanalysis ~Multidisciplinary laboratory. The portal is mairdgvoted to
results can be annotated and integrated. The portak based the management of genomics data although it has s
on the integration of a set of web services that ke been to integrate other types of information. Presetily main
implemented in order to manage genomic data cominjom  features of the system are:
the same insitution. * Management of all the information (user, groups,

research activities, ...)

* Functional Genomics Applications:
0 Genotypes data management and analysis
. INTRODUCTION o Workflow for Linkage Analysis

Index Terms—Genome analysis, bioinformatics, web
portals.

GENOME wide search for genes underlying common
diseases is facilitated by the use of high throughp
genotyping. Nowadays, huge amount of molecular Brark
are available for the human genome and laboratories
equipped with recent genotyping technologies cantbem ] ] .
to quickly generate hundreds of thousands of geestyor In th|§ chaptgr the main features qf the sygterrﬁasenbed
each DNA under study. focusmg mr?unly on the genomics application and the

In particular, Single Nucleotide Polymorphisms (SNP implementation of the web portal.
are one of the most common forms of human genet& Web portal technology
variation that can be used to discover the sequeagants The Liferay framework system is the world's leading
affecting common diseases by examining them fQfpen source java enterprise portal solution; thetesy
statistically ~ significant  association with measueab architecture supports a high availability, robusteand
phenotypes. On the other hand microarray data eamsbd gsafety middleware for mission-critical web applioas [1];
to confirm the results obtained by analyzing thpression i ships in two different editions: Liferay PortStandard
profiles of the genes involved in the disease lieate been Egition (SE) and Liferay Portal Enterprise Editi(EE), the
indentified in the genetic analysis. standard edition of Liferay Portal is offered foed under

In a typical molecular biology laboratory, genom&tad the pusiness-friendly open source license; the aPd&E
are managed with LIMS software (Laboratory Informat yersion is a supported version of Liferay Portat fhe
Management Systems) that implements several usefif\terprise. Hardened for security and designedetwesy
functions. Some genotype management systems hare bgiaple, EE is offered with a subscription and suppo
package, allowing organizations to build their ptaton a
stable version of the product that is offered aueextended

he web user interface based on Liferay allows o$ehe
system to easily interact with the developed fuomlity.

Il. MATERIAL AND METHODS
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period of time.

Liferay Portal by default is configured to sit &etroot
(i.e., /) of the application server used (Such asdat or
Glassfish), this method allows the separation betwihe
portal environment
developed. With this method the running instanckifefray
is likely to be hosting many other web applicatioasd
even integrating several of them together on alsipgge
on the portal.

Liferay is a portal server [2]. This means thatist

designed to be a single environment where all @& th

applications a user needs can run, and these tgrated
together in a consistent and systematic way. If
application lives outside of the portal, the poghbuld be
able to consume some resource of the applicatioch(sas
an RSS feed) so that the end user can see eveanbimr
she interacts with at a glance.

To achieve this, all of the application functiomyahvithin
Liferay Portal is in fragments of the page calleattiets.
Portlets are web applications that run in a portba web
page. The heart of any portal-based web site ipdtflets,
because portlets are where all of the functionalgy
implemented. Liferay's core is a portlet contairerd the
container's job is to aggregate the set of portles are to
appear on any particular page and display themephppo
the user.

The portal server uses the Service Oriented Archite
(SOA) design principles throughout and provides tihas
and framework to extend SOA to other applicatidrss is
designed to create, support
implemented by means of many type of technolodgigli
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(JSF 2.0), OpenSearch, Open platform with supmporiveb

services (including JSON, Hessian, Burlap, REST,IRM
and WSRP), WebDAV, and CalDAV. It follows and
implements the new W3C Recommendation WCAG 2.0

and the web applications beinVeb Content Accessibility Guidelines), to make tdé

web content accessible to a wide range of peopléd wi
disabilities, including blindness and low visioneadness
and hearing loss, learning disabilities, cognitiveitations,
limited movement, speech disabilities, photosevisiti and
combinations of these.

In particular, the developed Portal has been dpesldy
using the LIFERAY 6.X Version and the MySqgl RDBMS
asystem for the data storage. The structure of gweldped
web portal, can be divided in two different parts:

1)  The first part is represented by the integratdn
the standard liferay modules on the portal. Eacldute
delivers different service to the users in accaydin their
permission (such as insert or modify documentatments
and information related to the project).

2) The second part is composed of a set of intesfac
developed for the management of biological infoioratin
depending on the user account permission, each page
access to different services and interfaces.

The interfaces implemented in the portal were deped
with the Java Vaadin web Framework [5]. Each servi
independent from the other and the navigation betwe
them is possible by a link menu located on the defe of
the portal web page. Each service retrieves anwsitbe
data for an external resource; indeed, the infaonat

and deploy portletshowed in each service are stored in a externabdag, and

the communication between them is possible by me#éns

as Java, Php, Python) that adhere to the portlet ARPC (Remote Procedure Call) APl procedure.

compliant with both JSR-168 and JSR-286. A set ofem

important portlets (such as document Library, Caden

Wikis, and so on) are included with the standardtgbo

installation package [3]; when an application netalde

B. User management

Access policy is managed with a mixed approach dase
on liferay users that map the users that are spdoif the

replaced, it can easily be disconnected and subséigu Wrapped application.

reinstalled from the running system at a singlenpoi
It also uses Hibernate framework and JDBC API

To ensure that the right people control the right
tghformation, portal administrators can assign il

manage the connection between the application fed t/SErs or groups of users to different "roles” certfission”;

databases throughout persistent connection andairtian

A Permission is an action on a resource. Portatlev

(there are many database management systems sighpoR€'Missions can be assigned to the portal (for pi@m

such as MySq|l, Postrgresql or Oracle).

To allow a high security level, Liferay middlewanses
industry-standard, government-grade
technologies, including advanced algorithms suclDBS,

users, user groups, communities, and organizatibnsjigh
roles. Group-level permissions can be assignedroops

encryptioﬁor example, organization and communities). Payell
permissions can be assigned to page layouts. Model

MD5, and RSA. Liferay was benchmarked as one of tHRermissions can be assigned to model resources, (fo

most secure portal platforms using LogicLibrarytsgiscan
suite; in order to improve flexibility and usabylitLiferay
allow the integration of external single sign-orotpcol
system, such as LDAP, Microsoft Exchange or Open ID

example, blogs entries, web content, and so onijtlePo
permission can be assigned to portlets (for exampéav,
configuration, and so on).

A Role is a collection of permissions. Roles can be

Liferay uses standard ways to communicate with roth@SSigned to a user, user group, community, locatmn

softwares [4]: There are various standards useijgported
by the system: AJAX, iCalendar, and Microforme®RJ

organization. If a role is assigned to a user group
community, organization, or location, then all ssetho are

168. JSR-127. JSR-170. JSR-286 (Portlet 20) m_3members of that entity receive permissions of dhe.r
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Besides roles and permission, Liferay users can be

intuitively grouped into a hierarchy of "organizats" or
cross-organizational "communities,” providing fleikiy
and ease of administration. An Organization reprissthe
enterprise-department-location hierarchy. Orgaiupatcan
contain other organizations as sub-organizationseler,
an organization acting as a child organization tdlevel
organization can also represent departments of ranpa
corporation. A Community is a special group withlat
structure. It may hold a number of users who sharemon
interests. Thus we can say that a community isllaation
of users who have a common interest. Both rolesuseds
can be assigned to a community.

C. Functional Genomic applications
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haplotypes and phenotypes.

A particular type of phenotypes is the Demographic
attributes. They are related to the parental @tatip
between the subjects and the race of the subjEbty are
managed like the phenotype attributes but it ispussible
to define acquisition session in this case becdusg are
strictly related to the subject and not estimated.

The majority of developed features have been egdort
through a web service interfaces (XML-RPC) and ban
used by any compatible client. In particular, tlifetay web
interface implements similar tasks simply by irgerhg
with these web services. An example of this is showrFig.

1 where the web interface obtains biological infation
(such as chromosome, gene, and position) abounankers

_ The “functional genomic applications” module is an, the database by querying the corresponding \eetice
independent software system based on Python-Zope tnplemented in the “functional genomics” module. A

provides several functionalities for the managemeht
genomics data. Although the system is mainly deldte
the management of SNP data produced with the Ihami
platform [12], this is not a strict requirementh@t types of

similar example in Fig. 2 shows the visualizatiohtloe
statistics about a particular chip. The chip camrcdresidered
as a set of markers that are used together indtpeisition
of genomics data.

SNP  genotyping technologies and microarray (such as a further example, we have ported to the liferay

Affymetrix [13]) can be added in the system usingable
XML descriptors.

The main features of the system are

interface a workflow for the linkage analysis. Lage
Analysis is a genetic analysis that permits thealisry of
genetic correlations in complex diseases followiheir

transmission through family generatioisg. 3 shows the

parameters of the analysis and to monitor the dvera

in many national and international projects by many

artners. In particular, in projects related to shady of the
Ofenetic determinant of cardiovascular disease anthé

disorders (such as autism and

1. Automatic import of raw genotype and|inkage workflow in which it is possible to set afhe
expression data from the genomics platforms;

2. Definition and assignment of phenotypes to thempuytation executed in a glite Grid environmed[1
subjects,

3. quality control of the data in order to seleCtrhg “ynctional genomic module” until now has beesed
markers with high genotyping score;

4. statistical descriptive analysis that provide
information about basic features and quality
data; _ _ study of mental

5. analysis of the genetic population structure tQchizophrenia) with the integration of genotypesd an
identify stratification; . _ complex brain phenotypes.

6. statistical descriptive analysis that provides
information about basic features and quality of
data;

7. single-point analysis of association between
genotype and quantitative or qualitative traits;

8. multi-locus analysis to combine genotypes of

adjacent markers and find associations between
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Please select table field:

genetic_map_position snp
maf_hapmap_ceu chromoseme Genome Build
maf_hapmap_chbjpt genome_build
maf_hapmap_yri position |36 |
cytogenetichand L
gene_name & Data visualization Imit [10 to 200]
refseq
location | 100 |
location in refseq L
Loca_l:m n_relative to gen /  SetOffsetvalue [0 to 1536]
coding_status
aachange _gene (1223 |
L
+ Show Data |
Table Results
Marker Annotation Table
snp CHROMOSOME GENOME_BUILD POSITION CYTOGENETICEAND GENE NAME REFSEQ LocaTION LOCATION_IN_REFSEQ LOCATION RELATIVE TO_GENE
rs9321408 | 06 36 134016103 Mone EYAd NM_172105.1 None flanking_3UTR -123750
rs9321412 06 36 134100045 Mone TCF21 NM_003206.2 None flanking BUTR -151925
19321423 | 06 36 134321280 Mone TBPL1 NM_004865.2 None intron -5024
rs9321428 06 36 134507592 6q23.2 None None: None None None
159321456 06 36 134828953 6q23.2 None: None None: None: None
159321467 | 06 36 135026744 None ALDHBAL NM_170771.1 None flanking_3UTR -253477
0371470 | DR R 13R97RANT HMrna Al nuRal MM 1707711 Kane Hankinn 1T _aR1a

CNRATB

Fig. 1 Web portlet showing the biological annotatin of the markers
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Fig. 2 Web Portlet showing the information availabé for the marker in a given Chip
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INPUT:
Database

INPUT:
Genotype Data

INPUT:
Pedigree

LINKAGE
APPLICATION

EXECUTION
INFRASTRUCTURE

OUTPUT
RETRIEVING

Fig. 3 Workflow of the Genetic Linkage Analysis

I1l. CONCLUSION

The application developed represents an easy way
interact with the various biological data and imfiation;
The portal created with the Liferay technologiess ha
unique access point to the different services aodiges an
advanced system for security and user management.
The Liferay Portal provides various types of inkeds and
services, which allow users to add and view the dalated
to the Illumina chip, the creation of documentatamd the
managing of project tasks.

The interaction with the services forms represantsliable
software layer that hides all the complexity redate the
maintenance of the portal and ensures at the samee t
security and integrity of the data management. U$e of
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easily on complex 3D models with minimal local nesees

FARO - The Web portal toas he does not require any advanced GPU devicador/a

special 3D applications, nor the download of bigraDdel.

access EN EA_GRIDFARO is currently available in more than one resear

organization and is used in many fields as comjmurtat

Computatlonal I nfraStrUCtu re chemistry, fluid dynamics and plasma physics.

A. Rocchi, S. Pierattini, G. Bracco, S. Migliori, Beone, A.
Santoro, C. Scio, S. Podda
ENEA — Centro Ricerche Frascati — V. Enrico Ferj 4
Frascati (ROMA)

Abstract—The need to centralize the access to resources,
services and systems via ubiquitous tools such ¥g¢eh
browser has led to the creation of FARO (Fast Asdes
Remote Objects). FARO provides intuitive accesshi®
entire ICT infrastructure of ENEA-GRID, giving
researchers a user-friendly way to perform taskdRG job
submission and remote graphics processing, andavialip
them to be instantly connected with a wide range of
software and hardware architectures. In order tke ta
advantage of such features, only a common Web Bnoiss
needed (given that it is enough recent to suppora)] so
that almost every platform (PCs, netbooks, PDAS) is
supported. The developed technology enables ttizatan

of custom interfaces for the applications and thenglex
services available on the ICT infrastructure and te
customized for the special needs of user groupkinga
immediate and effective the use of the availabdeueces.
FARO is built on top of the NX architecture and toil,
developed by NoMachine company. In particular,eiies

on the FreeNX open-source server, which has been
customized in order to implement some advancedifeat
as load balancing and session distribution oveluster of
servers. This customization, taking into accourso athe
session resuming capability, results in a rathemplex
setup which can be affected by problems of sessions
inconsistencies. For this reason, the FARO suite bieen
extended with a new application, "NX Watchdog", ethi
monitors the status of user sessions and autortatica
deletes them, if they are recognized to be stald an
impossible to resume.

A GUI, written in Java, effectively implements theser-
friendly portion of FARO. It can be easily extendetth
additional modules which also integrate seamlesdly the
resources of the ENEA-GRID infrastructure
(Authentication, Distributed File System, Clusteahéger,
Job Scheduler, heterogeneous operating systems and
hardware platform and instruments, etc.). Thisitgtallows

the creation of custom interfaces for groups otaeshers
needing to use special applications and services.

FARO integrates also the "Remote Visualization Tool
which allows 3D applications to execute on the biep
cards available locally on the CRESCO HPC systdm (t
main  computational  resource  of ENEA-GRID
infrastructure) and provides the remote 3D rendean the
user workstation display. In this way the user cperate
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Abstract—Molecular dynamics simulations are an extremely
powerful tool to evaluate a broad range of questiam
biomedical and life sciences. Within the context tbé
MoSGrid-Project ww.mosgrid.dg an interdisciplinary
consortium with the goal to make simulation codasilg
available within the German D-Grid, is focusing on
molecular dynamics as basic technique employingesod
such as Gromacs, GLAT, NAMD, NWChem or Desmond
[1]. Our main motivation is to offer a portal saart, which

is a real aid for the scientist in his daily resdawork in
terms of ease of use, availability, and efficienéyl. the
aforementioned programs offer the opportunity toegate
excellent simulation data. However, all of themfeufrom
the problem that their usage requires text-baspdtiand
modification of complex configuration files. Thiaises the
hurdle for new users who often have only a limited
background about modern information technology. Wile
present scientific standard approaches for system
preparation, e.g. for the solvation and equililmatiof
globular proteins or the setup of a box filled wahbulk
material for free energy calculations. These rexipee
represented as workflows within UNICORE-6, a widely
used grid middleware enabling access to clustettsimine
grid.

The service is completed by offering a comprehensiv
analysis of simulation data. The evolvement of ptigd
energy, RMSD, density and other parameters of the
simulation are computed after completion of thewialtion.

In order to evaluate if a running simulation isll stane,
selected parameters will be made available while th
simulation is still running.
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