Third AlmereGrid Desktop Grid Experience workshop

&
]
g f AlmereGrid

Proceedings

Third AlImereGrid Desktop Experience workshop

30 March 2010

http://AlmereGrid.nl

EnterTheGrid - Analysis Report - May 2010

PRIMEUR T



Third AlmereGrid Desktop Grid Experience workshop

©u EnterTheGrid 2010

EnterTheGrid - Analysis - Reports - May 2010 !



Third AlmereGrid Desktop Grid Experience workshop

Table of Contents

4"

5"

6"

13"

18!

23"

28"

33!

38!

44"

48!

541

59!

Introduction

Organisation

Using the Virtual EZ Grid platform to deploy scientibc medical applicatiodphamed Ben Belgacem, Nabil
Abdennadher, Marko Niinimaki, University of Geneva, Switzerland

Exploring University Classes in Nonequilibrium Systems on SZTAKI Desktop Gridzsef Kovacs, Odor Geza,
Marosi Attila, Adam Kornafeld, MTA SZTAKI, MTA KFKI MFA

ISDEP, a fusion application deployed in the EDGeS projecilejandro Rivero, Andres Bustos, Dario Ferrer, Fermin
Serrano, Instituto de Biocomputaci—n y F'sica de Sistemas Complejos (BIFI) , Universidad de Zaragoza, Spain,
EURATOM - CIEMAT

Molecular Docking Simulations on a Combined Desktop and Service Grid Infrastructur@&mas Kiss, Gabor
Szmetanko, Gabor Terstyanszky, Pamela Greenwell, Hans Heindl, School of Electronics and Computer Science,
University of Westminster, School of Biosciences, University of Westminster

A desktop Grid based Solution for the Optimisation of X-ray Diffraction ProbléEamas Kiss, Daniel Farkas, Sidolina
P. Santos, Juan A. Gomez-Pulido and Miguel A.Vega-Rodriguez, School of Electronics and Computer Science,
University of Westminster, Department of Computer Science, School of Technology and Management, Polytechnic
Institute of Leiria, Department of Technologies of Computers and Communications, University of Extremadura

Porting the SEE-GRID EMMIL application into EDGeS infrastructurattila Csaba Marosi, ¢ckos Balasko, MTA
SZTAK,, and L'via KacsuknZ Brucknerinternational Business School - Budapest

The BinSys application on the EDGeS infrastructurettila Csaba Marosi, Attila Kovtcs, PZter Burcsi, ¢dim
Kornafeld, 1 MTA SZTAKI, EStvSs Lorfnd University Budapest, Department of Computer Algebra

Genetic Linkage Analysis on the Desktop Grid InfrastructureAlessandro Orro, Matteo Gnocchi, Andrea Calabria,
Davide Di Pasquale, Luciano Milanesi, CNR, Institute for Biomedical Technologies

Porting Sequential MATLAB Application for Image and Video Processing to Desktop Grid for High-Performance
Distributed Computing, O. Baskova, O. Gatsenko, and Y. Gordienko, G.V.Kurdyumov Institute for Metal Physics of
the National Academy of Sciences of Ukraine, Kiev, Ukraine, Gilles Fedak, INRIA, LRI, UniversitZ de Paris Sud,
Orsay, France, and Oleg Lodygensky, LAL, UniversitZ de Paris Sud, Orsay, France

Kinetics of Defect Aggregation in Materials Science Simulated in Desktop Grid Computing Environment Installed in
Ordinary Material Science LabQ. Gatsenko, O. Baskova, and Y. Gordienko, G.V.Kurdyumov Institute for Metal
Physics of the National Academy of Sciences of Ukraine, Kiev, Ukraine, Gilles Fedak, INRIA, LRI, UniversitZ de Paris
Sud, Orsay, France, and Oleg Lodygensky, LAL, UniversitZ de Paris Sud, Orsay, France

Porting and Use of OCorrelizerO to Investigate DNA Sequence Correlatigais Abuseiris, Ad Emmen, Frank G.
Grosveld, and Tobias A. Knoch, ErasmusMC, AlmereGrid

EnterTheGrid - Analysis Report - May 2010 ! 3



Third AlmereGrid Desktop Grid Experience workshop

Introduction

Desktop Grids are becoming an integral part of the scientibc computational infrastructure. They provide a vast amount
of resources that are relatively inexpensive and relatively green. Moreover they allow citizens and companies to donate
unused computing time to science, and hence strengthen the relationship between citizens and science.

The integration of Desktop Grids in scientibc distributed infrastructures has been enabled by European projects like
EDGeS and EELA-2. The EDGeS project has integrated EGEE (gLite based Grids) with Desktop Grids (based on BOINC
and XtremWebHEP-E), The combined EDGeS accessible infrastructure contains about 250.000 processors. EELA-2 has
combined OurGrid based Desktop Grids into scientibc distributed infrastructures.

The volunteer nature of the large Desktop Grids poses special requirements and restrictions on the applications. Not
only do they need to be parallelized, but they also need to be run on a large variety of architectures, operating systems
and system versions.

Porting applications to these complex infrastructures, and to (Volunteer) Desktop Grids poses special challenges.
Applications must be able to run on a variety of operating systems and computer architectures. Hence validation of
Desktop Grid applications is needed.

Until recently Desktop Grids were run in relative isolation and running one application. Operating Desktop Grids linked
with other infrastructures and with multiple applications also poses new challenges.

The papers presented at the Third AlmereGrid Desktop Grid Experience Workshop focused on the application porting
and operating challenges of Desktop Grids for eScience and eBusiness.

The topics varied from medical applications to media applications, and from marketing applications to Fusion
applications. This illustrates, that despite the limitations of Desktop Grids, a wide range of scientibc and business areas
can benept from Desktop Grids.

Ad Emmen

Almere, April 2010

EnterTheGrid - Analysis Report - May 2010 ! 4



Third AlmereGrid Desktop Grid Experience workshop

Organisation

Event chair

Ad Emmen, AlmereGrid, The Netherlands ( ad[at}]almeregrid[.}nl )

Scientibc Committee

Peter Kacsuk, MTA SZTAKI, Hungary

Jan Hoogma , Gridforum.nl, The Netherlands

Ad Emmen, AlmereGrid, The Netherlands

Tamas Kiss, University of West Minster, United Kingdom
Jozsef Kovacs, MTA SZTAKI, Hungary

Francisco Vilar Brasileiro, Universidade Federal de Campina Grande, Brasil
Nabil Abdennadher, HES-SO, Switzerland

Massimo Canonico, Universitario in Piemonte, Italy
Dana Petcu, Universitatea de Vest, Romania

Mikhail Posypkin, RAS, Russia

Mark Silberstein, Technion, Israel

Local Organising Committee
Arie Vleugel, Alca Systems
Leslie Versweyveld, AlmereGrid

Jan Hoogma , Gridforum.nl, The Netherlands

EnterTheGrid - Analysis Report - May 2010 !



Third AlmereGrid Desktop Grid Experience workshop

Using theVirtual EZ Grid platform to deploy scientific medical
applications

Mohamed Ben BelgacemNabil AbdennadhérMarko Niinimak?
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mohamed.benbelgacem@unige.ch

2University of Applied Sciences WesteSwitzerland, hepi&eneva, Switzerland
{nabil.abdennadher, markopekka.niinimaeki}@hesge.ch

Abstract. This paper presents thértual EZ Grid project, based on the éémWeb-CH (XWCH) volunteer
computing platform. The goal of theggect is to introduce a flexible digtuted computing system, with (i) a
non-trivial number of computing resources infrastrucfuoen various institutes, (ii) a stable platform that
manages these computing resourced provides advanced interfaces fguplications, and (iii) a set of
applications that take benefit ofetiplatform. This paperoncentrates on the application support of the new
version ofXWCH and describes how a medical imagplication MedGIF utilises it.

1 Introduction

Nowadays, volunteer computing (VoC) and grid computing are a well-established paradigm of distributed
computing. The term Ovolunteer computingO is usedl frenarios where a low prity guest application can

run on unused remote resources without significantly impacting high priority host applications. In volunteer
computing individuals donate unused or idle resources of their computers to distributed high performance
computing applications.

On the other hand, Grid computing is the combination of computer resources from multiple administrative
domains applied to a common application that requires a great number of computer processing cycles or the need
to process large amounts of data.

There are several characteristicat distinguish the volunteer computing from Grid [1]:
- The number of volunteer nodes in VoC systems may range from less than 10 to hundreds of thousands.
- Volunteered resources are owned and managed by regular people, not by IT professionals
- Volunteers are anonymous, and those who misbehave cannot be fired or prosecuted
- Volunteered resources are often behind network firewalls that do not allow incoming connections
- Volunteer computing is asymmetric: voluntesupply resources, and not the other way round.
Grid and VoC platforms are organiseithwthe help of middleware systems.
The most known grid systems are gLite [2], ARC [3]lgsis [4], Unicore [5], Condor [6] and GridMP [7].

Berkeley Open Infrastructure for Network ComputifB0OINC) [8] is the most widely used middleware in
volunteer computing. XtremWelX\) [9] is a VoC middleware providing framework and a set of tools to
assist in the creation of volunteer computing projects.

XtremWeb-CH XWCH: www.xtremwebch.n@t[10], developed by the authors of this paper improxéé
through the usage of peer-to-peer concef¥8CHis an upgraded version ofk\(). Major improvements have
been brought to it in order to obtain a reliable and efficsystem. Its software architecture was completely re-
designed. The first version of XtremWeb-CKXWWCHJ is composed of three kinds péers: the coordinator, the
workers and the warehouses. Several applications have been deplo§&Ceti[11]. [12] details the limits of
the XWCH1 middleware. To overcome these drawbacks, a second vel$WE&H2 was developed. This
version is currently being used to deploy selveesktop grid and VoC infrastructures suchvatual EZ Grid

[13] andFrom Peer-to-Peef(From-P2P)[14]. One of the main objectives of these two projects is to deploy
scientific medical applications. Three applications aiagbgridified within these projects, but for the sake of
brevity we only discuss one of them.
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This paper is organised as follow: the next section presents the new feat§i#€ldR2 Section 3 details the
architecture of th&irtual EZ Gridinfrastructure while section 4 present®e example of a medical application
deployed on th¥/irtual EZ Grid platform:MedGIFT. Finally, section 5 gives some perspectives of this research

2 XtremWeb-CH2 (XWCH2)

The new version oXWCH features improved support for parallel distributed applications. The extensions
carried out are application driven. They were deduced from experiments carried out and lessons learned during
the gridification and the deployment of several applications [15]. In more detail, the main improvements of
XWCH2can be summarized as: dynamic tgskeration, flexible data sharing (data replication) and persistent
tasks.

This paper will only detail the Odynamic task generationO aspect.

We shall also show improvements in the way the aeermunicates with the system, through its application
programming interface (API) in section 2.2.

2.1. TheXWCH2 architecture

Figure 1 illustrates the principal changes in XW¢CH2architecture. Job submission is done by a flexible API,
available for Java and C/C++ programs. The interfacéeo€oordinator now contaiuser service and worker
services, both of which are web services, implemented using WSDL [16].

Like in the earlier version AWCH the basic architecture 8#WCH2consists of a coordinator, a set of worker

nodes and at least one warehouse node [10]. However, contratKyV@H21 jobs are submitted to the
coordinator by a Oclient nodeO which executes a client program that calls the services prEvided i he
coordinator schedules jobs and pre-assign them to thieergo The workers retrievihe executable files and

input files from warehouses (or other workers), compute the jobs, and store their outputs in the warehouses. The
coordinator and at least one of therehouses are assumed to be abkgEldo the workers involved in the
execution of jobs created by the saadtient program. Communication between the coordinator and the workers

is always initiatedby the workers\Work request, Work Alivand Work Resulin Figure 1); thus workers can

receive tasks and send results even if they are rigutrbound connectivity only&nvironments, like NAT sub-
networks.

Since XWCH2 can be used as a volunteer computing platfatns not reasonable to assume that any two
workers can always communicate directly with eadfentOrganizations have firewalls and NAT (Network
Address Translation) sub-networks that protect the organization's network by limiting connectivity to/from the
outside world. INXWCH the workers can communicate directljthweach other whenever it is possible,
otherwise through a warehouse.
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Figure 1:XWCH?2architecture

An XWCH application is composed of a set of communicating jobs and can be represented by a workflow. The
number of jobs and the structure of the workflow cannot be known in advance. Jobs are created by the client
program by calling a specific serviceX}{VCH2

EnterTheGrid - Analysis Report - May 2010 ! 7



Third AlmereGrid Desktop Grid Experience workshop

2.2 Dynamic tasks generation

In what follows, we give a brief summary of the JAR functions (Table 1) thatllows user to creatéWCH
jobs according to his/her needs. The ent&kPl documentation is available at tP&NCH web site
www.xtremwebch.net

XWCHClient (java.lang.String
serverendpointava.lang.String
datafolder java.lang.String
clientiD)

This method creates a OconnectionO with the
coordinator Serverendpointefers to the URL of
the user services in FigureDatafolderis a local
folder (client node) where the binaries and input
files exist.

AddApplication
(java.lang.Strin@pp_namg

This method adds an application to the
coordinator. It returns aapplication_id.

AddModule (java.lang.String
module_name

This method adds a OmoduleO to the coordinat
and returns anodule_id A module is as set of
binary codes having, in general, the same sourg
code. Each binary code targets a specific (OS,
CPU) platform.

e

AddModuleApplication
(java.lang.Stringnodule_name
java.lang.Stringpinaryzip

Adds an executable binary file to a given modul
This is "per platform" basis, i.e. different binary
files can be added for each of the platform (MS

4

PlatformType) Windows, MacOS, Linux, Solaris, etc.).

Adds an input file to the applicatiompp_name
AddData (java.lang.String This method is often used to upload the input data
app_namg of one application (one execution) into tK&/CH

system.

AddJob (java.lang.String
jobname java.lang.String
app_namejava.lang.String
module_namgava.lang.String
command_ling
java.lang.Stringnputfiles
java.lang.Stringutfilespec
java.lang.Stringutfilename
java.lang.Strindlag9

This method submits a job to the coordinator. A
job ID is returnedapp_nameandmodule_name
refer to the application and the module to which
the job belongscommand_linés the command
that invokes the binary with parameters (in the
worker).inputfilesrepresent the set of input files
of the given job. otfilenamerefers to a name that
will be given to the compressed output file. By
"flags" the programmer can pass specific
distribution related options ®WCH2(replicate
output data on several warehouses, execute a §
tasks on the same worker, execute one task on
given worker, etc.).

et of

GetJobStatus (java.lang.String
Job_ID)

Gets the status of the job.

GetJobFileOutName(java.lang.

StringJob_1D)

Gives the OreferenceO (identifier) of the Job's
output file.

GetJobResult (java.lang.String
Job_ID, java.lang.String
outfilenamg

Gets the output file (output data) of a given job.

Table 1:XWCH2Java API

An example of using the API to creaand execute three communicating jalbl, JobZ2andJob3 Job2 and
Job3are using the output dbblas input data.
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/I Initialisation of the connection
¢ = new XWCHClient(ServerAddress, ".", IdClient,1,9); c.init();

String appid = c.AddApplication("Hello World application"); String Moduleldl =
c.AddModule("Modulel");

String refWind = c.AddModuleApplication (Moduleldl, BinaryPath_Module1_win,
PlateformEnumType.WINDOWS); //Windows binary

String Moduleld2 = c.AddModule("Module2");

String refProcesswindows = c.AddModuleApplication(Moduleld2, BinaryPath_Module2_win,

PlateformEnumType.LINUX); /ILinux binary
String job0 = c.AddJob ("First Job", //Job description
appid, /IApplication ID
Moduleld1, /I Module identifier
CmdLine_for_jobO0, /ICommand line frefjob0.toJobReference(),
liste_files_out_jobO, file_out_id_jobO,

"),

//Wait until jobO ends
String status ="";
while (Istatus.equalsignoreCase("COMPLETE")) status = c.GetJobStatus(job0).toString();

/I Retrieve the reference of the output file of jobO
String inputforJobs_1_and_2 = c.GetJobFileOutName(job0);

String jobl1 = c.AddJob ("second Job", //Job description
appid, /[Application ID
Moduleld2, // Module identifier
CmdLine_for_job1, /ICommand line inputforJobs_1_and_2,
liste_files_out_job1, file_out_id_job1,
")
String job2 = c.AddJob ("Third Job", //Job description
appid, /IApplication identifier
Moduleld2, /I Module identifier
CmdLine_for_job2, /[Command line inputforJobs_1_and_2,
liste_files_out_job2, file_out_id_job2,
")
//Wait until job1 and job2 end, by using "GetJobStatus" method (table 1)

String status = "";

while (Istatus.equalsignoreCase("COMPLETE")) status = c.GetJobStatus(job1).toString();
status ="";

while (Istatus.equalsignoreCase("COMPLETE")) status = c.GetJobStatus(job2).toString();

GetJobResult (job1, file_out_id_job1);
GetJobResult (job2, file_out_id_job?2);

This client program does not show the different features supportedMgH2 Nevertheless, it details how
XWCH2handles communication and precedence rules between jobs. Although this program does not show it,
calls toXWCH2services can take place in loops and tests denifbis means that the number of jobs and the
structure of the graph reggenting the application are not known in advance.

EnterTheGrid - Analysis Report - May 2010 ! 9
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3 The Virtual EZ Grid project

This section presents a desktop Grid infrastructure calledirtual EZ Grid
(http://www.xtremwebch.net/Projects/Virtual_EZ_Grid/EZ_Home.html). This platform, basedXW@EH?2
middleware, is mainly used to deplagd execute three scientific medical applications. This section presents the
architecture of th¥irtual EZ Grid project while section 4 presents only one applicatedGIFT.

3.1Virtual EZ Grid in brief

The aim ofVirtual EZ Gridis to establish a sustainable desktop Grid platform across several institutions. Three
main goals are targeted by the project:

1. Construct a desktop grid infrastructure with non dedicated desktop PCs to provide harvested CPU
power for scientific research projects.

2. Implement a reliable platform by using virtual environments to support secure computing and remote
check-pointing. Virtual EZ Grid aims at providing a better control over environmental issues and
energy consumption by running only the necessary PCs and shutting down unused PCs at night and
during holidays. The proposed platform should give a non-intrusive experience to the PC users.

3. Evaluate the two first objectives in a real world setting with the several medical applications.

TheVirtual EZ Gridarchitecture is shown in Figure 3.
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Figure 3: TheVirtual EZ Gridarchitecture
The three main supported tools\ftual EZ Gridare:XWCH2 JOperaandEZ-Grid.

JOpera(http://www.jopera.orpis an open grid workflow management system. It provides a visual environment
based on the Eclipse platform for modelling grid workflows as a collection of jobs linked by control and data
flow dependencies.

EZ Grid: itOs a PC grid infrastructure based on the concept of virtualization. On top of this fundamental layer,
other functionalities are also considered, such as jolkgymnting, restarting and migration. These features are
necessary in order to offer a flexible environment with minimal disturbances for both the owner of the PC and
the owner of the job.

The user can submit his/her application via the workflow management sySgenaor directly through the
XWCH2middleware XWCH2can be deployed natively or as a virtual machine (Figure 3).
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4 The MedGIFT application

One of the applications gridified and deployedvimual EZ Gridis MedGIFT. Content-based image retrieval is
increasingly being used as a diagnostic aid in hospitals [17]. However, hospitals produce large amounts of
images -- for instance the University Hospitals of Geneva radiology department produced about 70 000 images
per day in 2007 [18]. Preparing thesea@as in such a way that they canused in diagnosis is a challenging

task due to their volume. Content-based image retrsygibms typically use imadeatures like properties of
textures and colours [19]; here, wél tae extracting features from imageslexing

The well-known GIFT, or Gnu Image Finding Tool, software is a content-based image indexing and retrieval
package was developed at University of Geneva énldke 1990's. GIFT utilizes techniques common from
textual information retrieval and uses a very large collection of binary-valued features (global and local colour
and texture features) [19]. GIFT extrdloese features and stores them inreverted file. In a typical desktop

PC, the speed of indexing is about 1 or 2 images per second.

The history of the ImageCLEFMed imagollection can be summarizedfaows: ImageCLEF started within

CLEF (Cross Language Evaluation Forum) in 2003. A medical image retrieval task was added in 2004 to
explore domain-specific multilingual visual informatiostrieval [20]. The ImagelEFMed2007 used in this

report consists of about 50 000 images, originally from radiological journals Radiology and Radiographics. The
images are originals used in published articles. Indeairsgt of images can be seen as an "embarrassingly
parallel" problem, i.e. "a problem in which little or ndoef is required to separate the problem into a number of
parallel tasks. This is often the case where there exdsigpendency (or communication) between those parallel
tasks." [21] Therefore indexing a large set (S) of images can be done by dividing S into small subsets, sending
the subsets together with processing instructions into processing nodes, and then combining the output of the
processing nodes.

The workflow for MedGIFT calbe summarized as follow:

I Process PACKETGENERATOR runs in a olie computer, using a directory of the
ImageCLEFMed2007 sample as its input.

I PACKETGENERATOR generates packages that cow$ithe GIFT indexer program (executable), a
batch file containing instructions of how to run it in the worker nodes, and an input zip file containing
1000 images (except for the last package).

I After each package has been generated, FAKKENERATOR submits it to XWCH as a task.

I When all the tasks have been submitted, PECGENERATOR examines their statuses. When a
status indicates that the task has been finished, PACKETGENERATOR downloads its output.

The process of executing PACKETGENERATOR (=the entire packaging/submission/result retrieving process)
took 4 hours 53 minutes 58 seconds (=17638 secondss) filare is comparable with those achieved by the

ARC Grid middleware in [18]. Individual execution for packages in the worker nodes are shown in Figure 4. The
short execution time of the last packag because it contained only Bsages. The average of the execution

times was 1006 seconds (=16 min 36 seconds) and the sum of the execution times 51316 seconds. The figure of
51316 seconds (ca 14 hours) would thus roughly correspond with executing the whole task on a single CPU.
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Figure 4: MedGIFT package execution times

EnterTheGrid - Analysis Report - May 2010 ! 11



Third AlmereGrid Desktop Grid Experience workshop

5. Conclusion

This paper has presented the new version of the volunteer computing environment XtremWeb-CH (XWCH?2),
used for the execution of high performance applications on a highly heterogeneous distributed environment.
XWCH?2 is used in the Virtual EZ Grid project, where the computing nodes are provided from different institutes,
and applications are built so that they utilise the XWCH2 API directly, or by a JOpera workflow engine interface.

We have presented the details of the new features of XWCH?2, in particular dynamic task creation. MedGIFT
image indexing, a distributed application, is used as an example of a software that utilises the Virtual EZ Grid
platform.
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Exploring University Classes in Nonequilibrium Systms on
SZTAKI Desktop Grid*

J—zsef KovitsGZza idor?, Attila Marosi*, cdim Kornafeld

MTA SZTAKI, 13-17. Kende u., Budapest 1111. Hundsanyith, atisu, kadam}@sztaki.hu
MTA KFKI MFA, 29-33. Konkoly-Thege str., Budapel?l Hungary, odor@mfa.kfki.hu

Abstract

The public SZTAKI Desktop Grid Boinc project opaatby the Parallel and Distributed Systems Laboyato
SZTAKI introduced a new application from the figfiStatistical Physics. The application has beealfsised
and ported to Desktop Grid using the EDGeS Infuattire. The new application is performing compotatn
the field of University Classes in Nonequilibriurgsgms. The new application called UC-Explorer, besn
implemented by and extended with checkpointing lodipaand its execution has been splitted into q@sain
order to accommodate to the rules of the SZDG pwiinc project. This paper gives an insight of phgsical
problem and the implementation details.

| HE%& () &+

One of the aims of the EDGeS project [1] is to enagplication from different scientific field alie
execute on service grids and desktop grids on B&dS infrastructure which is a combined SG-DG grid
infrastructure where jobs can be transformed betwee grids by the 3GBridge [2] to both directiohke UC-
Explorer application that is going to be introdug@edhis paper had already been implemented faricegrid,
so the main motivation was to create a desktop wgidion and to deploy it on the public Boinc [3bjpct
called SZTAKI Desktop Grid [4]. During the gridifiion work we have used various SZTAKI Desktop Grid
tools which can be found here [5].

Universal scaling behaviour is an attractive featarstatistical physics because a wide range defso
can be classified purely in terms of their colleetbehaviour. Scaling phenomenon has been observadny
branches of physics, chemistry, biology, economyetc., most frequently by critical phase transgio
Nonequilibrium phase transitions may appear in nsdé population [6], epidemics [7, 8], catalys&],[
cooperative transport[10, 11], enzyme biology [24 markets [13] for example. Dynamical extensadrstatic
universality classes N established in equilibriumase the simplest nonequilibrium models systemisbéyond
that critical phenomena, with new classes have leegiored so far [14, 15]. While the theory of phas
transitions is quite well understood in thermodyiaequilibrium its research in nonequilibrium ighar new.

In general phase transitions, scaling and univigysatain most of the fundamental concepts of ldgpitim
models. The basic ingredients affecting univergaliasses are again the collective behaviour desys the
symmetries, the conservation laws and the spaitiaértsions as described by renormalization grouprihe
Besides them several new factors have also beetifide recently. Low dimensional systems are afmgary
interest because the fluctuation effects are rateveence the mean-field type of description isvadid. In the
past decades this field of research was growing gaickly and now we are faced with a zoo of models
universality classes.

, - )I0%&(#'+

Phase transition may take place even in one dimm@alshon-equilibrium systems. However an ordered
phase lacks fluctuations that could destroy theesththe system has evolved into that state lit lva trapped
there. We call this a transition to an absorbiagest

Continuous phase transitions have been found tmfeb a few universality classes, the most robfist
them is the directed percolation (DP) class. Adogrdo the hypothesis of [16, 17] all continuousagh
transitions to a single absorbing state in homogeneystems with short ranged interactions belonhis class
provided there is no additional symmetry and quedchandomness present. The most prominent system
exhibiting phase transition of this class is thanbhing and annihilating random walk with one dafifsgp
(BARW). Furthermore systems with infinitely manysatbing states (like the pair contact process R@®g
also found to belong to this class.

A diffusive pair contact process (PCPD) (for a egwisee [18]) like model: 2A -, 2A! 3A was
introduced in an early work by [19]. This prelimipaimulation in 1d showed non-DP type of phasedit&n,

! The work presented in this paper was supportetdeEDGeS FP7 project funded by the European

Commission under contract number INFSO-RI-211727
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but the model has been forgotten for a long tintee PCPD model introduced by [20] is controlled Wy t
parameters, namely the probability of pair annilatap and the probability of particle diffusion D.

The DMRG [20] method and simulations of the 1d PCR@lel [21] resulted in agreeing(P) values
but for the critical exponents no clear picture ¥@sd. They could not clarify if the two distinahiversality
suggested by the pair mean-field approximationneally observable in the 1d PCPD model. It is atitlebated
topic whether one new class, two new classes dintmusly changing exponents occur in 1d. Sincentbdel
has two absorbing states (besides the vacuumthixe is another one, with a single wandering gaitiand
some exponents were found to be close to thoskeoPC class [14] (Z = 1.8.87,!/" = 0.47 0.51) [20]
suspected that the transition (at least for lowdlues) is PC type. However the lack of up/down sgtnyn
parity conservation and further numerical data 21,exclude this possibility. Note, that the MPperents are
also different from those of the PC class [14].

Simulations and CAM calculations for the one diniamal n = 1 PCPD model [22, 23] corroborated the
two new universality class prospect. The ordermpatar exponent § seems to be very far from both of the DP
and PC class values [22, 23]. The pair approximatias extended to N > 2 cluster mean-field apprations
[23]. The N = 3,4 cluster approximations exhibitagith transition line to absorbing state by varyihg
diffusion rate D with! , = 2 mean-field order parameter exponent of the geansity. This contradicts with
former N = 2 results, where two different meanefibehaviour was found along the transition line.

Extensive dynamical simulations on L =°liattices [23] gave estimates for the order paramet
exponents of the particles for 0tOB# 0.7. These data may support former two distiras<findings. However
the gap between the low and high D exponents iowar than estimated previously and the possibfbty
interpreting numerical data as a single class behawith exponentst= 0.21(1),! = 0.40(1) assuming
logarithmic corrections is shown. This was in agreet with the simulation results of [24].

Later some works arrived at contradictory conclusidn particular by increasing the numerical éffor
[25] found a slow drift of the effective exponentgyich is of the same type as observed in prewosisidied
fermionic realizations.

Hence the possibility was raised that the asymptwtiical behaviour of the PCPD may be governed by
an ordinary DP point. Other Monte Carlo simulatioo@uld also arrive to DP exponents by assumingiape
type of corrections to scaling [26] or by measuringvell-chosen linear combination of the partiahe gair
densities [27]. The latest numerical study [28]estigates the crossover from DP to PCPD and atbaéshe
PCPD universality class has a well-defined fixehpdistinct from the DP.

It is sure that in d= 2 the PCPD belongs to difieteniversality class than DP [29]. So why wouldet
different in one dimension? The sensitivity of PCRDthe spatial anisotropy is also different frane DP
behaviour [30]. Field theory has failed to solvis tfuestion and there is no extra symmetry thaldgooint out
a clear reason for having a new, nontrivial uniaktis class the mystery of PCPD has become a citaflg
open question.

To investigate it further we have run very exteasiensity decay simulations on system sizes L°= 10
up to tax = 10 MCs. The initial states were halfirandomly filléattices. We applied periodic boundary
conditions and were keeping track of the densitgabifve sites. One elementary Monte Carlo step (MGssist
of the following actions. Random particle selectimndom direction selection (left/right prob. Cab)d updates
with the neighbours according to the following sulé& jump to the neighbour with prob. D is the $ital been
free; or removal of a pair with prob. p(@); or adlition of a new particle to an empty site is exedufThe time
is incremented by 1/P, where P is the actual nurabparticles. The location of particles is keptivector to
optimize the algorithm, since near the criticainptine density goes to zero.

| "#$%&'()*+-.$.%/++,01/20-3%
The original UC-Explorer application - realisingetRDCP algorithm - has been implemented based on
a Monte Carlo algorithm using random seed at it&lisation phase. The layout of the algorithnassfollows:

Generate random initial state on a ring of size L s ites with P particles:
s[x]:..0101100001001001111110.. (1: particle, ac tive, 0 hole, inactive)

Store active site location in:
px[i] of the i-th particle

Elementary Monte Carlo step (eMCs):a-g:

a)select a particle i randomly and get its coordina te

b)select a direction (left/right) with prob.: !

c)calculate the nearest, and next-nearest site coor dinates in the direction

d)jump the particle with prob.: D to left/right if the site was empty:
update: s[x], px]i]

e)else with probability p: remove particle and its left/right neighbour

update: s[x], px[i], P
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flelse if a pair : generate new particle : 110 1111,
update: s[x], px[i], P
g) increase time by: I't=1/P

Repeat eMCs loop until t > t[j]
(j: 1...tv, exponentially increasing sampling times )
andt<T nax: Store P(t)

Repeat the whole to collect statistics
(the result: r(t) = P(t) / L / stat for a given p,D )

At initialisation, the PCPD algorithm places P n@mbf particles randomly on a ring with size L and
the locations are represented by an array in athatythei-th place stores 1 if there is a particle and stOres
otherwise. Elementary Monte Carlo step (eMCs) doat@ substeps as it is shown in the pseudo cooleeab
After each eMCs the elapsed time is checked attieifnaximum has been reached, P is stored intadile
result. This algorithm is then executed quite a Ibemof times in order to collect statistical infaton.

The original application has been tested on a AMR&4GHz machine and the execution of a run
described above requires approximately two or tiueseks continuous computation. After careful analgéthe
code we realised that the algorithm cannot bellpisad by cutting it into pieces since in evemgration the
previous state of the internal variables are usesiead of parallelising this algorithm, we decidednake the
whole algorithm able to run on Desktop Grid in orttespeed up the whole statistic collection whesn dame
application is executed for a given p, D paramé&teerefore the execution of numerous instancelseobtiginal
application with different parameters was the nugal.

Beyond making the application capable of runningDasktop Grid environment we were facing the
problem of the application execution time, sincavasiave mentioned even one execution would take than
2 weeks on a client, which is not what donors pualalic Desktop Grid project would be happy with.

| "#$%&' () (*(+,~(./%0- ,-$12%

The main goal was first to create a master appicahat is generating workunits for the different
execution of the original application representing calculation in the original sequential coneeyt second to
create a worker application which is a modifiedsian of the original UC-Explorer application perfong the
computation. The development was done in a way ttietapplication is going to be deployed in a mubli
desktop grid system and the implementation wasdddcto be done for Boinc. To ease the implememtatio
work, the DC-API programming interface was utilismad the SZTAKI Desktop Grid package was used for
testing purposes. The original UC-Explorer was enpmnted using C programming language and its source
code was available for modification towards ther@dsway.

Master process |
seed (123 .N) =

- / %

"

Slave N
....... s

| Slave | | Slaye2 !En’e 3
[seed=l | seed-2 | |seed-3

e
S

i‘léﬁff_._. o~

Master process
sum up and save |
partial resulls

Y

Statistical cycle

Figure 1 Layout of the workunit generation

The original UC-Explorer application has been imptated based on a Monte Carlo algorithm using
random seed at its initialisation phase. Due te fhct the result at the end of every computatioulct be
different under Boinc. In a Desktop Grid environmnéme result must be computed based on deternainisti
behaviour of the algorithm in order to make thdedédnt instances of results comparable to eachr athen
using replication for result validation. Therefoihés random seed must have been taken out froraptpkcation
and must have been generated outside by the woidemerator i.e. by the master application (seEigare 1).
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However, to collect statistical information, we wda execute the original application with diffeten
random seeds. Therefore the master should beabbntlle N number of workunits (where N is appratigty
1000 to reach proper results) where each piecesodfunit (see as Oslave® on Figure 1) runningeparal
corresponds to a different instance of the origapglication.

So, the original application which is the workertlire new layout was modified to read the seed value
for random number generation from an input fileisTinput file is generated by the master applicat its
startup and registered as an additional inputfditehe worker as part of the workunit. Beyond addan extra
input, all the points in the code of the applicatishere any file manipulation procedure was impisaiee the
opening mechanism was modified to resolve the nafrtee files using DC-API. DC-API initialisation dn
closing function calls were also inserted intowleker code.

The worker application was also modified in ordercteate checkpoint files from time to time. To
schedule the checkpoint saving mechanism, the myile was modified at its exit condition. Whenewer
certain number of steps has been performed in thetéviCarlo algorithm a checkpoint saving is ingtht Of
course, the start-up mechanism of the algorithmahtss been modified in order to check the existasfdie
checkpoint file and to read and initialise the ealof the internal variables from the checkpoiet fi

At this point the master-worker structure was reémlyexecuting them on Desktop Grid platform,
however the execution time of the worker was sl appropriate. 24 hours of execution is not timee tthe
donors are willing to wait to get credit. To ovarethis limitation the worker computation must hheen cut
into pieces.

0. [seed,]
> | WU, | = > wu,, [m==---
1. [seed,]
One

1 L experiment

i checkpoints for given

i 1 p.D
N. [seed,]

Figure 2 Workunit generation for the UC-Explorer

In order to make the worker application capabldaihg cut into pieces, the worker must be able to
provide partial results as output before termimatibhe worker has been modified accordingly, butendeep
modifications were also required in the master camept since the workunit generation had to be tegdefar
the same seed value while organising these wokkumia a chain like it can be seen on Figure 2.

The number of pieces the workerOs computatior is denoted by M on Figure 2. Since the execution
time of original application could reach 3 week®kireme cases, we decided to set the number dewso(M)
within a thread to 1000. This value is large enongtto let the worker application run about anrhehich is a
good value for public desktop grid systems.

When a workunit for a specific seed value has l@cuted successfully, the result is used as ifoput
the next instance of workunit generation and tmeesaeed value is also passed. Using this mechaigims of
the workunits are built by the master. A detectisechanism is also built in the master to realiskedéfchain has
reached its end and there is no need for furthrapatation with the given seed.

To implement this, the structure of the inputshaf workunit has also been modified since, now an on
thousand pieces of workunit belongs to a given se&tk, instead of only one like before the cut.adlditional
counter is also passed in the description of thekuvots to keep the actual progress registerethfogiven seed
value.

The implemented UC-Explorer with master and worékemponents have been tested on SZTAKI
Desktop Grid and is currently used by scientistik@search Institute For Technical Physics And Nter
Science. The current version is also installedhenRundecyt desktop grid which can be accessedghrine
EDGeS infrastructure.

| "#$% &S () H+,--. -+
The execution time of the UC-Explorer applicatioithwa given seed value B caused by the cutting
procedure B is more than the original one, sincesome elapses between the return of the padsallts and
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the (re)generation of the workunit. Based on soreasurements, in some cases it might double theigxec
time if the workunit spends too much time (hounsihie database without being computed by a client.

However, the original goal of the gridification wagt to decrease the execution time of the apjgicat
for a given seed, but to speed up the executiothiowhole statistics collection, i.e. for the NLQ©0) pieces of
seeds. Since the execution time of a seed is aippaitely 4-5 weeks depending on the availabilityttod
desktop grid clients, the 1000 pieces of chain agatpn can be finished within 2 months, which dramatic
speed-up comparing to the sequential executioruebeigl execution in theory would be 1000*3weekisicl is
approximately 57 years.

Unfortunately, this application does not scale welle to the fact that the maximum parallelism is N
(1000). Therefore this application cannot utiliserenthan 1000 machines at the same time, whichois n
efficient for public desktop grids. It can also pap (and it has a big chance) that one client duaed more
than one workunit, which results in loss of pataie. The current application and the current imaatation
cannot overcome this problem at the moment.

For each workpackage the size of the input is abdubyte and it is true (of course) for size of the
output as well. In public desktop grids this amoohtdata to be transferred to and from the cliéstaot
desirable. In public desktop grids most of the ntBeare connecting from home through ADSL where
downloading and even uploading this amount of dateot comfortable for the donors.

I"##3$%E&'

The UC-Explorer application has been gridified toblic desktop grid system using DC-API.
Parallelisation has been implemented for statisticlection instead of for the Monte Carlo compiata. The
execution for a given seed value is cut into 10@@qs organising them into a thread of computadiot the
typical scenario is to run 1000 pieces of threati@same time.

Based on the above features UC-Explorer is noidied application for Desktop Grids, however it can
utilise desktop machines and the overall speeduppeaery good in some cases.
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Molecular Docking Simulations on a Combined Desktop and
Service Grid Infrastructure *
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1School of Electronics and Computer Science, University of Westminster, 115 New Cavendish Street,
London, W1W 6UW
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Abstract. Carbohydrate recognitiois a phenomenon critical to a number of
biological functions in humansThis type of study could enable bio-scientists to
understand how pathogens bind to cell surface proteins and aid in the design of
carbohydrate-based vaccines and diagnostic and therapeutic agortguter
programs which provide insight into such biological recognition processes have
significant potential to contribute to biomedical research if the results of the
simulation are consistent with the outcome of conventional wet laboratory
experiments. These simulation programs, however, are computationally intensive and
require large amount of resources to run efficiently. This paper analyses how the
EDGeS desktop and service grid infrastructure is utilised in such a complex simulation
scenario to speed up the docking of molecules. The AutoDock molecular docking
simulation package has been ported to both service and desktop grid platforms, and
their efficiency and usability have been analysed in different scenarios.

1. Modelling carbohydrate recognition

Carbohydrate recognition is a phenomenon critical to a number of biological functions in humans
including highly specific responses of the immune system to pathogens, and the interaction and
communication between cells. This type of study could enable bio-scientists to understand how pathogens
bind to cell surface proteins and aid in the design of carbohydrate-based vaccines and diagnostic and
therapeutic agents. Computer based simulation programs can successfully aid the study of such complex
processes reducing the cost of wet laboratory experiments and improving time efficiency.

The ProSim (Protein Molecule Simulation on the Grid) [1] project has successfully created a grid
based parameter sweep workflow for the above described scenario using the WS P-GRADE portal [2].
The workflow realises a complex user scenario, as it is illustrated on Figure 1. Firstly, the receptor protein
and the glycan are modelled separately and energy minimised with the help of the Gromacs [3] molecular
dynamics software (represented by phases 1 and 2, respectively, on the figure). In phase 3, the putative
active binding sites involved in the recognition need to be identified using a docking simulation software,
such as AutoDock [4] (phase 3). Finally, molecular dynamics simulations are applied again to dissect the
mechanism of recognition (phase 4).

Phase 3 of the abowsorkflow uses the AutoDock molecule docking simulation software to identify
the putative active binding sites involved in the recognition based on a genetic search algorithm. The aim
of the work described in this paper is to investigate how the efficiency of this docking phase can be further
enhanced by randomly executing a large number of docking experiments, and selecting the lowest energy
level solutions out of a potentially very large number of simulation runs.

1 The work presented in this paper was supported by the EDGeS FP7 project funded by the European Commission
under contract number INFSO-RI-211727.
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Figure 1 B User scenario for modelling receptor-ligand interaction

In order to achieve thabove objective, AutoDock simulations have to be executed multiple times, in
the range of thousands or tens of thousands, with the same input files. One simulation run takes minutes or
hours on a stand-alone PC, depending on the complexity of the molecules. However, these simulation runs
are independent from each other and can potentially utilise a very large number of computing resources
where docking simulations are executed on different nodes at the same time. Using large number of
resources significantly reduces the overall execution time allowing bio-scientists to analyse and compare
much larger number of scenarios within the same timeframe.

The EDGeS (Enabling Desktop Grids for e-Science) project [5] has developed a bi-directional bridging
mechanism that connects resources of the g-Lite based EGEE service grid (SG) [6] to several large
BOINC [7] and XtremWeb [8] based desktop grid (DG) systems. Utilising the EDGeS bridge technology,
resources from both types of grids can be applied for executing large scale simulations, such as molecular
docking. This infrastructure is an ideal candidate for providing the very large amount of resources
required for the docking phase of the ProSim workflow.

This paper describes how AutoDock has been ported to the EDGeS infrastructure. It analyses several
scenarios for executing AutoDock on EDGeS, and investigates the suitability of these scenarios for the
ProSim workflow.

2. Docking simulations on desktop and service grid resources

The original ProSim workflow as described in [1] uses resources from the UK National GvideSer
(NGS) to execute its different components. Therefore, in order to run AutoDock simulations on the
EDGeS platform, the application needed to be ported to a Desktop Grid, and also required to be tested and
executed on EGEE resources.

Three scenarios will be presented in this section. In the first scenario the application is executed on a
BOINC desktop grid platform that utilises EGEE resources via the EDGeS BOINC to EGEE bridge. In
this scenario a BOINC master application orchestrates the execution of work units on the DG. In the
second scenario, a parameter sweep workflow in the WS P-GRADE portal replaces the DG master
application when executing the work units on the desktop grid. Finally, the AutoDock simulations are
submitted to the EGEE grid and utilise DG resources via the EGEE to BOINC bridge.
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2.1 AutoDock as a BOINC Master Worker application

In this first scenario the AutoDock application has been ported to the BOINC desktop grid platform as
a standalone, Otraditional® BOINC application. The aim of this work was to investigate the suitability of
AutoDock to a DG and also to the EDGeS DG to EGEE bridge.

The AutoDock software suite consists of two main components. AutoDock performs the docking of the
ligand to a set of grids describing the target protein, while AutoGrid pre-calculates these grids. AutoGrid
needs to be executed only once in an experiment, and finishes rather quickly. However, as it was described
earlier, AutoDock requires very large number of computation intensive runs.

When porting the application to BOINC,BOINC master has been implemented that deals with the
DG specific problems, such as work unit generation, distribution, validation and assimilation. AusGrid
also run by the master application on the DG server machine. The worker applications process the
individual work units, and produce a docking log file that contains the results of the computation. These
log files are then bundled into a single archive by the master to ease further processing. The
implementation uses the Distributed Computing API (DC-API) [9] to create a wrapper application around
AutoDock.

In order to send work units through the BOINC to EGEE bridgeux versions (32 bit, 64 bit) of the
worker application needed to be developed too. These Linux versions use only statically compiled
libraries, since they have to run on different machines with different configurafitiesapplication has
been deployed on the University of Westminster Local Desktop Grid (WLDG), and has also been
registered to the production BOINC to EGEE bridgfter configuration, the bridge pulls AutoDock work
units from the BOINC server, and executes them in the EGEE EDGeS Virtual Organisation (VO ) in a
user transparent way.

Several performance tests have been carried out to determine the potential speed-up pyothded
desktop grid based implementatioffhe single processor performance of a test PC was compared to a
much larger but non-deterministic number of computers (a maximum of 1600 PCs) used in the desktop
Grid experiment. The test work units used the same set of input and docking parameter files, while the
number of work units was increased continuously to see how the application scales. Each experiment was
repeated several times, and the medians of the measured values were calculated. The best test results were
provided in case of larger number of work units. In case of 3000 work units, for example, the experiment
achieved 190 times speedup using 469 nodes. (More detailed performance results are available in [10]).

Implementing this first scenario proved that using Desktop Grid and EDGeS resources significantly
improves the performance of the application, especially in case of very large experiments with thousands
of work units. On the other hand, the integration of this native BOINC implementation to the ProSim
Workflow would have been rather difficult. Therefore, it needed to be modified and executed from the
same WS P-GRADE environment where other parts of the workflow are implemented.

2.2 AutoDock as a BOINC Application in the WS P-GRADE portal

As the ProSim workflow is implemented in the WS P-GRADE portal, the desktop grid based docking
simulationsalso needed to be ported to this environment. The WS P-GRADE portal, the latest incarnation
of the P-GRADE grid portal family, supports the execution of parameter sweep workflows not only in
service but also in BOINC based desktop grids.

When porting the application to the portttie original DG worker application, based on the DC-API,
could be used without any modification. However, the master component of the application is replaced
with a Generator and a Collector job of the P-GRADE workflow. The Generator is responsible for the
execution of AutoGrid and for the creation of the work units. These work units are submitted to the DG
server by the second job in the portal. This job runs as many times as many work units are specified by the
portal user. Once the jobs have finished, the portal is responsible for retrieving the results from the DG
server. Finally, the Collector compresses the outputs of all simulations and makes this compressed file
downloadable for the end-user. If the target desktop grid, in our case the WLDG, is connected to the
BOINC to EGEE bridge, then work units submitted from the portal can cross the bridge exactly the same
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way as it was described in section 2.1. Figure 2 illustrates how a WS P-GRADE portal user can execute
AutoDock simulations on the EDGeS infrastructure using the local desktop grid and the EGEE EDGeS
VO via the bridge.

gUSE WS P- UoW L.ocal Desktop Grid
GRADE portal clEie
o Submitter BOINC Server  pyjis work units BOINC to

. N EGEE bridge

submits jobs and

BusE - retrieve results 5
via 3G Bridge Adds user | Submits as job
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and number
of work
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Workers: Download
executable and input
files

Upload: result

BOINC workers

End User

EGEE EDGeS VO

Figure 2 Running AutoDock on the WLDG and through the BOINC to EGEE bridge from the
WS-POGRADE portal

This solution is now suitable to be integrated to the ProSim workflow. This integration is simple from
the technical point of view as the AutoDock workflow can easily be embedded into the more complex
ProSin workflow. However, complexity arises when analyzing the usability of the solution and the quality
of the results from the end-usersO perspective. The brute force Monte-Carlo simulations, implemented in
the DG version, seem to provide less reliable results than the evolutionary algorithm currently applied in
ProSim. Therefore, simply changing the phase 3 docking job to the desktop grid based versiginwould
most cases, provide less accurate result, even for very large number of iterations. The DG solution could
increase the efficiency of the docking phase but only if it was used as a supplementary solution for the
evolutionary algorithm. This user scenario is currently analysed involving the end user biologists, and will
be implemented in the near future.

2.3 Running AutoDock on EGEE resources supported by desktop grids

The third scenario considers the EGEE grid as the primary target platform for the application and uses
DG resources via the EGEE to DG bridge. This solution is less relevant from the ProSim workflowOs
point. As WS P-GRADE is capable to submit to DG resources directly, it is more efficient to use BOINC
resources as the primary target platform than send the jobs through the bridge. However, AutoDock is
widely used by several EGEE user communities, e.g. in the WISDOM project [11]. Making AutoDock
available to be executed on the EDGeS platform in the EGEE to DG direction has importance for a large
number of potential users.

To make AutoDock available for EGEE users, the application needed to be validated and placed into
the EDGeS application repository. Validation is required because of the different security models applied
by SG and DG systems. While SGs trust the user and require a certificate, DGs trust the application. The
validation process assures that the application causes no harm or disruption for the target DG resources.
Once validated, the application is published in the EDGeS Application Repository and available for EGEE
users for download and submission.
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The AutoDock application can be executed via the EGEE to DG bridge from an EGEE VO if that VO
recognises a specific Computing Element that includes the bridge client. AutoDock jobs can currently be
submitted to the EGEE EDGeS VO and supported by the WLDG.

3. Conclusions and future work

The aim of the above described work was to investigate how desktop grid and EDGeS resources can be
applied to improve the efficiency of a parameter sweep workflow modelling carbohydrate recognition.
Three scenarios were analysed and the second scenario, when submitting the docking simulation jobs to
desktop grid resources from the WS-P-GRADE portal proved to be directly relevant for the ProSim
scenario. The integration of this solution to the ProSim workflow and the definition of the user scenario
are currently in progress.

Future work will also concentrate on the third scenario when AutoDock jobs are submitted in the
EGEE to DG direction. This work is especially important as a number of EGEE user communities are
utilising this application. Collaboration with the WISDOM community will further explore this case.
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Abstract. X-ray is a frequently used technique in diverse scientific areas to obtain
information regarding the particle hit by the X-ray. However, analysing the features of
X-ray diffraction profiles with multiple peaks could become complicated. The peaks
can easily overlap making the distinction between them and finding the best matching
solution rather difficult. Search algorithms have to consider very high number of
possible solutions pushing the run-time of these applications up to several hundred
CPU years. Grid infrastructures could efficiently reduce the waiting time if very large
number of processors were available to run the experiments in parallel. This paper
presents how the EDGeS combined service and desktop grid infrastructure was
applied to speed up the computation of a linear search algorithm for the above X-ray
profiling problem.

1. Analysing x-ray diffraction profiles

X-ray is a frequently used technique in maayentific areas including medicine, physics and
material sciences to obtain information (such as size or shape) regarding the particle hit by the X-
ray. X-ray diffraction can be measured and represented in a graph where the minimum and
maximum intensities of the rays are showaray diffraction patterns can be obtained using
analytical functions showing the features of each peak and consequently information about the hit
particle [1] [2].Unfortunately, these peaks can overlap making the distinction between them and
finding the best matching solution rather difficult.

Different fitness functions can be applied to rank and compare possible solutions. If the
applied fitness function has to be evaluated for a very large number of scenarios then finding the
best fitting solution for a set of experimental results could be computationally very intensive. As
the overall runtime increases exponentially with the number of peaks in the profile, the analysis
of profiles with unknown number of peaks could be rather complex [3].

The most accurate results could be obtained if all possible solutions of the applied fithess
function were compared and evaluated. Unfortunately, the number of possible solutions could be
so high that this linear search process would require several hundred CPU years to finish.

The computation time can be significantly reduced if the search algorithm is parallelised and
ported into large grid computing infrastructures. As anydwecutions of the fitness function for
different input parameter value sets are independent from each other, a large number of
processors could significantly improve the performance and reduce execution time.

! The work presented in this paper was supported by the EDGeS FP7 project funded by the European Commission under contract
number INFSO-RI-211727.
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The EDGeS (Enabling Desktop Grids for e-Science) [4] European project has established a
production infrastructure where g-Lite based service grid resources from the EGEE Grid [5] can
be combined with large number of public and private BOINC [6] and XtremWeb [7] based
desktop grid resources. The EDGeS infrastructure can potentially provide computing resources in
a previously unprecedented scale to support applications with extreme computational demands.

Although the EDGeS infrastructure can significantly reduce the run-time of the X-ray
diffraction profile analysisjn case of complex scenarios and large precision requirements, a
modification of the brute force linear search is also required.

This paper presents a grid based implementatiothe above described problem for the
EDGeS infrastructure, and analyses how the linear algorithm can be further refined to reduce
computation time.

2. The applied X-ray diffraction profile and fitness function

For the experiments described in this paper, a simulated X-ray profile was applied. The data is
presented as the beam path scattering angle and intensity of these beams. The same profile was
used previously in [8], and was generated by a well-known analytical function, the pseudo-Voigt
function [9]. In order to make the simulation more realistic, a linear function representing the
background radiation and a statistical noise, assuming a Poisson distribution, was also added.

A fitness function allows quantifying the degree of adjustment between the model profile and
the experimental data. The goal is to obtain the function minimum where the model profile is
closest to the diffraction profile. Several functions could be used for these purposes. In the
presented work the chi-square function, a common practice in X-ray diffractometry, was applied,
given by the equation below.

n 2 N | 0 |83u2
$# pi'yi,obs /Oyi,cal('

i$1
where:
" N = number of samples (measures) of the pattern. The given benchmark has 1,001
samples.
" Vios = Observed (measured) sample. See the datos.out file (first column: x, second
column: Yops).
' Yica = calculated sample. The calculated samples are obtained from pseudo-Voigt function
Yica = f(x)).
If we have two peaks, for example, theg ¥ Vicaipeakit Yical,peakz
op$ iz $ L assigned weight to each sample.
#i yi,ObS
s h TN 3,..." = parameters of the problem to be optimized (in our case: 10, x0, w

and! for each peak). In other words, we have to obtain the best set of vallesofét
be the minimum.

3. Porting the application to  desktop and service grid resources

An application program executing a linear search algorithm can easily be implemented to find
the best fitting solution. The method evaluates the fitness function described in Section 2 for all
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possible solutions. The program takes the number of searched peaks and user defined minimum,
maximum and incremental values for each parameter, and executes the fithess function for every
possible parameter value combination within the given range and with the given increment.

Although the execution of the fitness function for one possible value combination is very
short, somewhere in the range of 5*1§kconds, very large number of executions is required in
realistic scenarios. Considering the profile generated by the pseudo-Voigt function, and an
increment of 0.01 in all four possible parameter values of this profile, the fitness function needs
to be executed 4.85E9 times taking approximately 674 hours for one peak, and 2.355E19 times
for two peaks, that would take several centuries on a single processor.

Although a grid computing solution could significantly decrease the execution time by
different machines working on different subsets of the parameter values, the scale of the problem
is still too large to get good quality results in a reasonable kirtiee number of input parameters
is high and the required increment is low, then even a large number of processors would require
several years to solve the problem.

In order to overcome this, the linear search has been replaced with an iterative approach. The
initial calculation starts with a high increment and therefore with a low precision value. Although
this calculation is guaranteed to finish in a reasonable time, it is unlikely to produce correct
results. Therefore, the precision increases and the range of input parameters slelcraage
each iteration until the required precision is reached, focusing on the ranges surrounding the best
values of the previous iteration round.

The application has been implemented as a master worker desktop grid application. This
application is capable to utilise the resources of a local or a global volunteer desktop grid.
However, work units can also be executed by the EGEE service grid via the EDGeS desktop to
service grid (SG to DG) bridge.

The master component of the application is responsible for creating the work units based on
theminimum and maximum values of the input parameters and the increments, as defined by the
user. New work units are also generated after each iteration until the required precision is
achieved. The workers execute the fitness function for every parameter received and return the
best combination to the master.

As one run of the fitness function is independent from any other runs, in theory all different
combinations could be executed on different processors parallel to each other. However, as one
execution takes a very short time only (5*1€econds), the overhead caused by distributing
every single run to a different computer would be larger than the performance gain. In order to
overcome this problem, millions of fitness function calculations can be packaged into one work
unit giving a reasonable execution time of 20-30 minutes for one particular package.

The implementation uses the Distributed Computing API (DC-API) [10] to create a wrapper
application around the core executable. Using the DC-API has two major advantages over the
original BOINC API. First, due to its uniform interface, DC-API applications can run without
any modification on other Grid middleware, such as Condor or XtremWeb. Second,
implementing both the master and the client application with the DC-API significantly reduces
the development effort. The DC-API hides the BOINC specific details from the application
developer. The different tasks (work unit generation, assimilation, and validation) are
implemented in a single application, and the creation of a simple configuration file assures that
all the necessary templates and inputs are moved to their destinations on the BOINC server.

In order to send work units through the BOINC to EGEE bridge, Linux versions (32 bit, 64
bit) of the worker application had to be developed too. These Linux versions use only statically
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compiled libraries, since they have to run on different machines with different configurations.
Finally, the BOINC project running the X-ray application had to be registered on the bridge.

4. Performance evaluation and results

The implemented application was deployed on the University of Westminster local desktop
grid potentially utilizing over 1500 computes. As the Westminster grid is connected to the
EDGeS Virtual Organization (EDGeS VO) of the EGEE grid via the EDGeS BOINC to EGEE
bridge, resources of this VO can also contribute to the computation.

During the performance tests the single processor performance of a test PC was compared to a
larger but non-deterministic number of computers (about 1500 dual core PCs) used in the desktop
Grid experiment. During the tests 3 iterations have been executed, and the whole experiment was
repeated 3 times, as it is shown in Table 1.

The table shows the best values of the measured speed-up. As the table indicates, the desktop
grid based solution is especially efficient during the first iteration phase when the number of
work units is high. The achieved speed-up was produced by 812 active computers where the dual
workers worked on two work units at the same time.

Iteration Tested # of WUs Duration Speedup
solutions

1. 217931713461 101871 1 day 7 hours | 962.43
27 minutes

2. 16209796869 | 26460 6 hours 338.55
39 minutes

3. 13148520 450 11 minutes 9.96

Overall 234154658850 128781 1 day 14 hours | 849.49
17 minutes

Table 1Performance results of the X-ray application

Unfortunately, the scientific results were not the expected ones. Starting with low precision
automatically discarded some possible solutions allowing loosing some of the best solutions. For
example, using the generated profile, as described in Section 2, with two known peaks, the
modified linear search has generated significantly weaker results when compared to other
approaches, for example when using evolutionary algorithms [11].

5. Conclusions and future work

This paper presented a grid based implementation for the analysis of X-ray diffraction profiles.
Due to the extremely large nature of the problem and the independency of the individual
calculations, a desktop grid based approach was followed. However, the desktop resources can
also be extended with idle computers of a service grid system, such as the European EGEE grid.

Although the Grid based solution has significantly improved the performance of the
application, it was still not possible to try all possible combinations for large number of input
parameter values with high precision, within a reasonable time. To overcome this, the linear
search has been modified and replaced with an iterative approach. Introducing the iterations the
execution time was kept at acceptable level, however, it also lead to loosing potentially high
quality solutions.

EnterTheGrid - Analysis Report - May 2010 ! 31



Third AlmereGrid Desktop Grid Experience workshop

After analysing the results the research team has discarded the modified linear search
approach and will investigate other techniques, such as different types of evolutionary
algorithms, regarding their suitability for the problem.
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1. Introduction

Procurement has a critical role in the operation of manufacturing companies from both quality and cost
aspects. While quality must be ensured by careful supplier evaluation process, cost reduction is only
possible by increasing the competition among qualified suppliers. Business-to-Business e-commerce offers
cost saving opportunities for buyers and improved market access for suppliers. While companies are
already utilising the current well established forms of e-marketplaces, this is still an evolving field of
research and the emerging new models can offer even more significant cost savings to participants. For
manufacturers the ultimate cost of procurement is the total landed cost of the purchased parts and raw
materials, i.e. the cost of commaodities plus the cost of transportation. Electronic procurement marketplaces
deal with the transportation only after the goods and their suppliers have been selected, which does not
allow direct optimisation on the landed cost. In order to show a new approach to this problem a novel e-
marketplace model called EMMIL (E-Marketplace Model Integrated with Logistics) has been developed by
one of the authors (KacsuknZ and CselZnyi 2005). The model is built upon a composite auction where
transportation providers place their offers step by step during the negotiation of the buyer and suppliers.
The marketplace engine combines the proposals and selects the optimal combination for buyer.

The complexity of the auction algorithm and the composite bid structure make the optimisation task
difficult. The solution known today requires lengthy computation that may take several hours to run on a
single computer. Problems that require computing power beyond a single processor system can be executed
on clusters and grid systemsThe first parallel implementation of EMMIL was carried out within the
framework of the EU SEE-GRID-2 project when EMMIL was adapted to the gLite based SEE-GRID.
(Kacsuk et al. 2007.) Based on the promising results of the first implementation EMMIL has been also
made available on desktop grids as one of the experimental applications of EDGeS infrastructure. In this
article we describe how the SEE-GRID application has been ported to the DG infrastructure. In order to
understand the special requirements of the porting process first we introduce the essentials of theoretical
background briefly then describe the key steps of the SEE-GRID implementation.

2. TheEMMIL procurement marketplace

Participants of the EMMIL procurement marketplace are the following: a single buyer looking for a set of
tangible products in specified quantities, many suppliers offering certain quantities of the required goods
and many third party logistics providers (3PLs) that undertake transportation. The products are assumed to
be homogenous from the transportation point of view which means they belong to the same transportation
class and are packed uniformly. We assume that unit load bulks will not be broken thus required quantities
will be integer numbers The marketplace operates a composite reverse auction with discrete rounds of
sealed bidding that alternate between sellers and 3PLs. Bidders have to go below the relevant best offers of
the previous round. 3PLs in EMMIL can bid in a special structure of fix and variable costs. The fix part
covers basically the costs of moving the vehicle from starting point (a supplier) to the end buyer. The
variable cost is proportional to the volume transported where extra costs of handling can be accounted for.
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2.1. Overview of the composite auction algorithm

1. The buyer issues a request for quote identifying the products, the quantities, highest price limits and
the location where the goods should be delivered to. The buyer also sets the maximum number of
suppliers (S) that can be awarded a contract in parallel.

2. Time limits are set for suppliersO bidding period, 3PLsO bidding period and for the total auction time

3. SuppliersO bid on prices of the required products (without quantity discounts)

4. The marketplace engine forwards the bids to the 3PLs

5. 3PLsO bid on fix and variable cost of transportation from suppliers who placed bids for the products.

6. The marketplace engine runs the optimisation algorithm combining the bids of suppliers and the bids
of 3PLs in order to find an optimal solution with minimal total cost.

7. The bidding cycle is continued at step 3. until the auction time is over.

8. The suppliers and 3PLs who won in the last optimisation round will be the winners of the auction.

2.2. The optimisation problem

In this section we outline the optimization problem in an intuitive way without giving the actual formulas.
This problem is acombinationof two allocation problems, one for the products and another for the
logistical services. With the optimization we have to answer the following questions

I What quantities of each product should be purchased from each supplier?
I Which 3PLs should transport the goods from the individual suppliers?

To answer the first question we introduced NxM integer variables, where N is the number of products and
M is the number of suppliers present in the market. These variables denote the unknown quantities to be
purchased product-wise and supplier-wise. For the second question we need LxM binary variables
indicating whether a given 3PL is selected for transporting goods from each supplier. (L is the number of
3PLs taking part in the auction). The objective function will consist of the sum of the cost of the purchased
goods and the cost of transportation. In the cost of transportation we have to multiply quantity variables and
selection variables, thus the objective function will not be linear. Furthermore, this function will be neither
smooth nor continuous because the special cost structure of thel@Ritder to solve the optimization
problem a linearization algorithm was introduceskulting ina piece-wise linear objective function with

binary and integer variables based on Eso et al. 2001. The resulted mixed integer linear programming
(MILP) problemcould be easily solved using any standard commercial MILP packages b in theory. Our
simulation experiences showed that the segmentation resulted in a big model size with a high number of
integer variables which led to very long solution times using standard commercial MILP packages. Even in
a small size case where we specified 20 kinds of products, 11 sellers and 11 logistics providers it was
possible to set the parameters (prices and required quantities) so that in unlucky cases we ended up with
computation times of 8-10 hours on an up-to date ®@iously such a long execution time inhibits the
required number of tests as well as the creation of a real auction system.

The remedy for the problem can be the use of parallel and distributed systems like clusters and grid
systemsTo create a distributed solution we decided to exploit the constraint for the maximum number of
suppliers (S) set by the buyer at the beginning of the auction. The basic idea was to subdivide the MILP
problem into a number of similar problems but with only a few variables (determined by constraint S) that
can be solved in a short time and can be done in parallel. The optimal total costs of the different solutions
then could be compared and the minimal cost solution could be selected.

2.3.The parallel optimization algorithm

Piecewise linearization is performed and the coefficients of the MILP problem are calculated.
Suppliers are pre-filtered, worst suppliers are eliminated, the best U of them is kept only
Parameters for all S-ad combination of the best U sellers are generated for parallel processing.
All the MILP problems are set up and solved in parallel

The individual optimums are compared and the lowest one is selected as optimal solution.

arwpnE
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3. Implementing EMMIL application on SEE-GRID infrastructure

The SEE-GRIDapplication of EMMIL was implemented with the help of P-GRADE portal of MTA
SZTAKI. The workflow is based on the most common type of parallel executions in grid infrastrifeure

same core program should be executed on various input data and parameterization. It means that the
different instances of the core program can be separated from each other, and can be executed in parallel.
This type of parallelization, called Parameter Sweep or Parameter Study (PS), is one of the most supported
parallel-execution possibilities of P-GRADE Portal, therefore the workflow was developed as a PS
application in P-GRADE Portal (see Figure. 1). The first stage of solving the optimization problem is to
generate the sub-problems for all the allowed combinations of suppliers (note that buyer can limit the
number of the favored suppliers). This task is performed by a specific job called OGeneratorO. This type of
jobs in P-GRADE Portal is used for generating a set of input files for the parallel jobs according to the
parameterization of the problem. In the next stage the portal executes the core prddiead-lateger

Linear Programming Problem solver called Ip_shhie as many instances as many input files were
generated by the Generator. This is the parallel part of the application. Finally a specific job called
OCollectorO will start after all parallel jobs were finished. This job will save the results, compare them to
each other and find the solution with the lowest total cost.

L.. B g
:ﬂE EQ / ‘:-J

i FCD\Iector grid job

Le";'f‘iﬁ?i.ﬁﬁi:ﬁiﬂ"f,l' e |
Figure 1. Workflow of the EMMIL application

Execution of EMMIL is made user-friendly with the help ofie@w portlet developed in P-GRADE Portal

2.5 to make bid-taking and auction-creation easier. The main stages of the business process are illustrated
by Figure 2. As it is shown, parameterization for one execution consists of many separated sub-parts. First
of all, the buyer has to create an auction by specifying the required products along with the quantities and
setting all the parameters as described in 2.1. Then the suppliers can select this auction, and place bids for
the products. After the suppliersO bidding time has expired, third party logistics can place bids for the
transportation from the different suppliers to the buyer (see Figure 3).

!|p_solveis an open source program that is free under the GNU Lesser General Public (Berkstaar
et al. 2004.)
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Figure 2: Process of the auctions

When the time set for 3PLsO bidding is over, the input parameterization will be passed to the Generator job
as an input file, and the workflow will be submitted into the grid as a PS application of P-GRADE Portal.
When the workflow finishes, all users can view a report about winners of the completed auction round. The
auction can be continued with the next round according to 2.1. or closed as required.

Frofie Auction Manager

Avaitable Auctions

Index Buyer Daterfime Remaining Time 3PL's Time (hours)  Numb.of Supp.Bids  Numb.of3PLBids  Status  Select
1 buyer_01 (details) Tue Feb 16 16:04:50 ALMT 2010 0days, 1 hours, 42minutes 10 @ 0 PL | Select

Place a new Bid for the Selected Auction

pan

index [Supplier Name_[Fix Price (€) Wariable Price (€ [

R ot

o

[z EE]

Place Bid

AR 00148

Figure 3: Bid-taking interface for Third Party Logistics

4. Porting EMMIL to the EDGeS Infrastructure

Within the framework of the EDGeS project we have investigated how to adapt EMMIL for a desktop grid
infrastructure. After implementing EMMIL on the SZTAKI Desktop Grid, the next step was to investigate
how the EMMIL parameter sweep jobs can be transferred from the SEE-GRID environment to the BOINC-
based desktop grid systems of the EDGeS infrastructure. The oldviIL application was ported to
EGEE as a Parameter Study Workflow developed in P-GRADE Portal. It means that parallelization is
implemented by using a Generator job in the workflow. Then the parallelized core-program runs with a lot
of instances. Only this core-program was ported to EDGeS, but since Desktop Grids utilize diverse
resources part of the task was to provide a Windows version of EMMIL.

When all of the instances are finished and generated the outputs, another program, the Collector job, runs
on EGEE too, collects the results of the core-programs, and aggregates the final result. This means that
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only the core-application required modification, other ones run on EGEE as they did before the porting.
The connections between the Generator and Collector running on EGEE and the BOINC-based parallelized
core-program are solved by the EGEBG bridge (OEDGeS Bridge ServicesO on Figure 4) developed by
EDGeS. The core-program runs with multiple data, so in the DGOs point of view, the core-program is a
sequential program. A newly developed tool called GenWrafiderosi et al. 2009) was used to port the
core-program. GenWrapper is a tool to make applications run on Desktop Grids without modification to
the source code, for example resolve all flenames used by the real program to BOINC generated ones.
There is no modification required within the source-code of the real program, but an additional wrapper
algorithm must be downloaded to the clients to execute the application. On the other hand, BOINC requires
a program to validate the results arrived from different clients that executed EMMIL with the same input
file. This type of redundancy is used to ensure that the returned results do not contain any errors (e.g.
caused by malfunctioning hardware). BOINC provides a set of validators for the most common type of
results (e.g. comparison of text files, binary comparison of files, etc.), but the existing validators could not
be used in case of EMMIL, because the result files may be different, depending on the Operating System,
where the core-program has been executed. The linear programming problem solver models large real
number differently on Windows and Linux systems. ThatOs why an own specific validator had to be
developed for EMMIL.

EDGe5@Home DG

EDGeS Bridge
Services

T

Extremadura DG server

P-Grade

AR
Portal

Figure 4: The EDGeS EGEE DG infrastructure

Currently the EDGeS@Home BOINC proje@nd Extremadura Red Tecnologica Eductativa BOINC
projects supports the EMMIL application.

5. Results and conclusions

The primary result of porting the EMMIL application is that the execution of EMMIL workflow becomes
much faster, due to the utilisation of BOINC resources. Since the most time consuming part of the
workflow can also be scheduled to BOINC from now on and since (public version of) BOINC projects
usually provide much larger amount of resources than gLite based, the EMMIL workflow progresses much
faster than before thanks to the EDGeS infrastructure as well.

The second benefit of the porting project is the experience we gained from it. This project proved that the
toolkit we developed in the frame of EDGeS can efficiently support the porting process and the seamless
interoperation between EGEE and BOINC infrastructures; thus other EGEE applications can be easily
ported to desktop grids as well. In addition, the validator developed for EMMIL is also an asset for grid
users since it can be further enhanced to support a wide range of applications using Ip_solve on the grid.
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Introduction

The usual decimalystem can be generalized in several ways, @€8eralized number
systems)being one of tha. In thesesystems the decimbhse 10 is replaced by a square
matrix and the digits-Q ar replaced by a suitable setwactors,also called digits. In
some cases, every vector in the space can be represented by a finitgpeswarsfof the

base each multipliedylone of the digits, the same yvas for example 256 is the suwh

100 times 2, 10 times 5 and 1 times 6. In these cases thesvettibie space can be
mapped tdinite sequences of digits and vice versaiggesting potdial applications in
coding orcryptography. These applications explain why these systems are of interest for
informatics.

Unfortunately, the exact conditions on the base andvéicéor that ensure that such a
representation exists and is unique are currently unknown, mdikengroblemalso
interesting fomathenaticians. The aim of the applicatiento provide a complete lisff
GNS in a few special caseslthough there are an infinite number of systems, if we fix
the size of th problem, that is the size amdimber of the vectors anidhpose an
additional condition of using thgo-called canonical digit sethen this number is finite
and computer methods for traversing tharsle space exist. Obtaining tbemplete lists
for the special cases will hopefully support the better mathemhainderstanding dahe
structure of GNS. Some partial results are already obtairjél

Generalized Number Systems

The BinSysproject is concerned with generalized number systems (GNS), one of several
multi-dimensional generalizations of numbepresentations. In the traditional decimal
number system, numbers can be uniquely represented by a finite string of digits. Each
digit stands for a product whose value is an appropriate power of 10 multiplied by the
digit, e.g. 256 = 200 + 50 + €e fird summand being 100 times the first digit, etc. Now

if we replace the base 10 by afbyin integer matrixM, and we replace the possible
digits by nrdimensional integer vectors, we can try to represent integer vectors by a string
of digits where the actualalue of the digit is a power of the matrix multiplied by the
digit vector. We say that the matrix together with the digit set forms a GNS if every
integer vector has a unique representation of the required form. In the special case of
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dimension 1, the ntax as well as the digits is simply numbers. Note, however that the
decimal system falls short of being a GNS, since negative numbers can only be
represented using a sign: we return to this below. A 1 dimensional example that works
can be obtained usingage-10 for example. It is not hard to show that the following
conditions are necessary for a GNS:

1. The matrix has to be expansive which means that the eigenvalues of the matrix
are larger than 1 in absolute value,

2. The digit vectors have to form a comgleresidue system modulo the matrix
which is equivalent to saying that there are Mledf them, and that the difference
of neither two distinct digits is of the forlv with an integer vector.

Note that for the decimal system, the first condition singalys that 10 > 1, while the
second states that there are 10 digits, pair wise incongruent modulo 10. Unfortunately,
exact conditions on the base and the vectors that characterize the GNS property are
unknown. The projectOs main scope is providing a etenlgt of GNS in a few special
cases. Although there are an infinite number of systems, if we fix the dimension, the
determinant and the form (rational normal form or companion matrix fornv) ahd

only allow secalled canonical digit sets, then thissrher is finite. Even these special
cases are not fully understood so a compaiiged search could provide some insight.
The first part of the search is a computationally intensive search for expansive
polynomials (the characteristic polynomials of thedidate matrices) which produces a
complete list that can then be checked for the GNS property reasonably fast on a single
desktop machine.

Expansivity of polynomials can be checked without actually computing the roots, using
the LehmeiSchur algorithm. Tis algorithm also gives bounds on the coefficients of
expansive polynomials as a function of the other coefficients. This gives rise to a natural
parallelization: fix some coefficients in several different ways, letting the search for all
possible valuesfahe unfixed coefficients be one of the distributed chunks. Each chunk
can be performed separately from the others, the only communication takes place when
the found expansive polynomials are reported. If the chunks are still too large, they can
be furthe subdivided using a special ordering on the polynomials.

BinSys Application

BinSysconsist of three parts.) aninput generator; ii.p master applicatiorgndiii.) a
client application.

The program that generates the distributed chunks is acalbed generatar It has the
following parameters the degree and the constant term of the polynomial (they
correspond to the dimension and the determinant of the base matrix), the leading
coefficient (for future use, currently it is 1), and a parametesccdkpth that determines

the number of fixed coefficients per chunk. The output of the program is a sequence of
lines where each line specifies a portion of the search space. A line contains a line
number, information about the degree and the first unfigedfficient and two
polynomials, indicating the start and the end of the search space corresponding to the line.
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This generated file is quite large and holds many lines depending on the size of each
chunk, e.g. 2.9GB and 24M linestalfor a typical 13 dnension input generation

The master application is responsible dogating tasks from the inpfike, thus copying
lines (portions of the search sppé®m the input fike into a separate file that serves as
input for a given task. Siecthe processinime of a lineis not constant evenithin the
same dimension and chunk sizeda single tasknay consistof morethan one line,
predicting the exagirocessing timéor a line is not possible, but estimates can be given

The client applicatiorperfams the actual seardldetailed in the previous sectiom) a

given portion of the search spacepresented by a line of text in the input.fince

tasks consist of mornes the most effective way of implementing chexkinting was

to do it every tine after search finishes for a given line in a task. By adjustingsfze0

of the line thus theportion of the search space it covers), and the number of lines within
a task, the estimated computation time required for processing a line (thus the time
elapsing between two chegpkints) becomes OoptimalO in terms of reducing the-check
pointing interval.

Since the applicatiorwas originally implemented using D®@PI thus it is fully
compatible with EDGeS Bridge Servides.

Extremadura DG server

EDGeS Bridge
Services

|

AR Cache

SZDGR DG server

glite UI AR

Figure 1.: EDGeS infrastructure for executing BinSys

Figure 1 shows the current DG infrastructure used by BinSys within EDGe&ently
two Desktop Grids support executing BinSys applicatiohse first is the Red
Tecnologica Eucativa OExtremadura DGOpeated by Fundecyt in Spain, which
has~15000 hosts connected. The second is the SZTAKI Desktop Grid Resegilith’Fa
(OSZDGR DGOWwhich is usedonly for testing purposes, and has usualb0 hoss
connected from volunteers who donated their regsufor testing applicationslhe

! http://ledgesextdg.cetaciemat.es/rtedg/
2 http://mishra.lpds.sztaki.hu/szdgr
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EDGeS Bridge services allow teabmission of BinSys taskrom a gLite User Interface
(OgLite UlO)to a mixed EGEEDG infrastructure thus providing even more
computational resources that the two desktop grids by therasdtwee The original
DC-API version of BinSys can be used for glLite based execution in EGEE.

Resultsand conclusions
The execution of the applicatioon the SZTAKI Desktop GridProject[3] already

providedthe complete list of all binary (determinantcanonical number systems (CNS)
up to degree 13

Co \ 2 3 4 5 6 7 8
Degree
2 5/4 7/4 29/12 29/7 105/25 95/12 309/32
3 7/5 25/13 131/47 310/75 1413/242 2619/332 | 10273/816
4 9/6 51/26 327/108 1240/286 6749/1033 | 20129/2194
51 11/7 85/43 655/200 3369/735 21671/3010
6 | 13/8 | 127/63 | 1155/332 7468/1546 55785/7106
7| 15/9 | 177/88 | 1829/509 14411/2876 | 122633/14606
8 | 17/10 | 235/115 | 2747/742 25265/4887 | 241391/27263
9 | 19/11 | 301/147 | 3905/1025 | 41331/7802
10 | 21/12 | 375/182 | 5379/1378 | 63959/11824

Table 1: The number of expansive and CNS polynomials, ordered by degree and constant term. (The
missing cells are being computed.)

-Co/ 2 3 4 5 6 7 8
Degree
2 1/1 7/1 7/1 29/1 23/1 95/1 57/1
3 3/2 25/3 55/4 310/5 563/6 2619/7 | 4091/8
4 5/3 51/6 179/10 1240/15 3605/21 | 20129/28
5 714 85/10 421/20 3369/35 13501/56
6 9/5 127/15 795/35 7468/70 | 37853/126
7 11/6 177/21 1353/56 | 14411/126 | 88501/252
8 13/7 235/28 2099/84 | 25265/210 | 182235/462
9 15/8 301/36 | 3083/120 | 41331/330
10 17/9 375/45 | 4349/165 | 63959/495

Table 2: The number of expansive and semi CNgolynomials, ordered by degree and constant term.
(The missing cells are being computed.)

The number of CNS polynomials (resp. expansive polynomgls? (192) for degree 9,
42 (623) for degree 10, 11 (339) for degree 11, 66 (1085) for degree 12 and 15 (526) for
degree 13. The numbers up to degree 8 were known earlier

The search also inspired the introduction of sémMiS, of which the decimal nurab
system is a special case. This concept handles the problem that negatieesramninot
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representable. On Table 1 and/ list the number of CNS and expansive polynomials as
well as the number of sefiiNS and expansive polynomials for the known caghs.
more special cases are covered, the betésligitons we can make about tiember and
structure of systems with sizes currently unreachable by computational analysis.

We hope by executing BinSyms the EDGeS infrastructure, which accumulatastly
more resourcethan SZ AKI DesktopGrid, to provide results beyond degree 13.
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Abstract

A common problem in computational genetics is to find a relation between a trait
observed in a population, for example a disease, and the genes deemed significant for
that trait. Usually the approach to this problem it to start with a Genetic Linkage
Analysis, which is a statistical method that evaluates the allelic frequencies in genetic
markers following the inheritance in the pedigree, in order to identify the location on a
chromosome of a given gene involved in the disease. The Merlin software is one of
most used Linkage software used for this type of analysis.

The Merlin application was ported to BOINC infrastructure using the master-client
model based on the DC APIl. The master application runs on a DG server and is
responsible for the input files management and formatting, work units creation,
submission and results management. The worker application resides on the computing
nodes and are responsible for the computational side of application through the
execution of Merlin software using the parameters provided by the user. At the end of
all the work unit, all the output files are reported to the user.

Introduction

Finding the relationships between the occurrence of human diseases and the
expression of a particular gene in the human genome is a theoretically and practically
hard challenge. A common approach to this task begins with Genetic Linkage Analysis,
which is a statistical method exploiting the presence of known genetic markers in order
to identify the location on a chromosome of a given gene involved in a disease. This is
obtained by comparing genetic data with information on a pedigree structure and
following the inheritance of phenotypic alterations in families through the generations.

The Merlin [1] software is one of most widely used Linkage software applied for this
type of analysis. It can perform several types of genetic analyses: single-point, multi-
point, kinship, and so on.

Merlin takes as input a dataset that contains three main information:
1. Description of all attributes in the dataset

The attributes are quantitative and qualitative phenotypes and the genetic
markers. Phenotypes can be for example the disease status of the patients, the
blood pressure, or a more complex value coming from a biomedical equipment.
Genetic markers (SNPs) are DNA related attributes that permits to characterize
the patient genome in terms of the mutations observed in particular and well
known positions of the chromosome. The description of these attributes are
important meta-data that permits, in the statistical algorithm, to assign a role to
the variables and also to interpret and visualize the results. In particular each
phenotype is described in term of the type of data (quantitative/qualitative) and
the markers are described with the chromosome, coordinate within the
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chromosome, the type of alleles associated to them and the frequencies of the
alleles.

2. Phenotype and genotypes for all the samples

This information include the actual mutation observed in each SNPs for each
patient and all the phenotype values available

3. The genealogical information

This information is the parental relationship with individuals of the same dataset
and is used to reconstruct the whole genealogical tree. It is used within the
linkage algorithm to follow how the disease trait propagates together with the
DNA regions associated to the disease under study.

The output is the LOD score for each marker that permits to estimate the position of
markers that are near to the disease-related genes. These types of analyses can be
computationally intensive (this algorithm is NP-Hard and are limited to the number of
markers and subjects). In order to face this problem a Desktop Grid application has
been designed and implemented in the Institute of Biomedical Technology CNR-ITB.

This type of analysis can be computationally intensive (this algorithm is NP-Hard and
limited to the number of markers and subjects). In order to face this problem a Desktop
Grid application was designed and implemented in the Laboratory of Bioinformatics of
the Institute of Biomedical Technology.

Methods

At the moment Merlin is only a command line application and it offers a set of
commands whereby users can perform the analysis required. It is a computationally
intensive application, so the porting of it on the EDGeS [2] infrastructure is a way to
improve the overall performance of the computation.

The application was ported to BOINC using the master-worker model based on the
DCAPI. The master application runs on the DG server and is responsible for the input
files and data formatting, work units creation, submission and management of the
results. The worker application resides on the computing nodes and responsible for the
computational side of the application through the execution of the Merlin software using
the parameters required by the user.

Given the large amount of data processed by the master and worker, the application
creates a folder with the name of the project specified through the command line
(parameter - p) and a set of subdirectory in which the files to be used are created and
copied. This makes it easier and more efficient to manage large-scale analysis and
perform any debug operations.

Each work unit uses a subset of input files present in the input directory (parameter -d)
to perform the computation in order to obtain the LOD score and the markers
frequencies from the four input files supplied from the master application. In particular,
the four input files provided by the user are split, depending on their particular format,
into N groups and a work unit is created in order to process a group of files.

The final output of each work unit consists of a set of files which contain all the results
of the analysis. These files are divided in four categories: output file (parameter -0), lod
file, frequencies file and tbl file. This method improves the work load distribution over
the worker nodes and decreases the overall execution time.

Besides running on a Ostand-aloneO BOINC Desktop Grid, the application was also
enabled to run through the EDGeS bridges into both directions. When utilising the
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BOINC to EGEE bridge, the local DG installation can send work units to the EGEE
EDGeS VO.

Results

The different types of executed tests had two specific purposes: testing the correct
porting of the Merlin application on the local DG infrastructure, and to evaluate the
performance obtained by the distributed computation and finally to evaluate the
software in a real application.

Computational testing

The performance testing consists of the comparison between the execution of the
application on the DG infrastructure, and the execution on single dedicated core. The
important difference between two systems is the fact that the DG infrastructure utilizes
free but not dedicated resources during the execution, while a single core is always
dedicated to this task.

The DG infrastructure used for the application testing is local to the ITB laboratory in
Milan. This infrastructure provides approximately 30 cores for the distribution of
computing simulating a heterogeneous environment. These cores are divided between
different client machines used by the researchers who don't interact with BOINC client
application (that is running in background). Figure 1 shows the difference between
sequential and distributed execution.

Merlin Test Results
600
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Figure 1. Comparison in computational time between the local and desktop grid with
different number of work units per experiment.

These results encourage the use such infrastructure and the development of a
production system for many type of analysis in a bioinformatics laboratory.

Case study

The application has been tested in the study of genetic bases of the Atrial Flutter
disorder. It concerns to cardiac conduction disorder, a multi-factorial pathology which
can be caused by a combination of factors such as developmental and congenital
defects or less commonly due to inherited diseases altering the functioning of the
cardiac conduction system. Figure 2 shows the pedigree used in this study and figure 3
the results obtained in terms of LOD score.s
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Figure 2. The pedigree of the family analyzed for Atrial Flutter disease. Since the
disease is monogenic we can study how the disease is inherited among generations by the
linkage analysis. Circles are related to female, boxes to male; the colors refer to affection
status: black for affected, gray for unknown, white for not affected.
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Figure 3. The LOD Score of the whole genome analysis for Atrial Flutter. The regions
with signal peaks are the candidates to be linked to the disease.
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Abstract
Now to reach high efficiency and productivity scientists prefer to use the specialized
software with sets of standard functions that can be operated in an interactive manner by
means of high-level languages. By many reasons it is not possible to scale up this approach

significantly without considerable investments in licenses. But recently the distributed
computing model on the basis of the BOINC soft ware platform becomes very popular due to
feasibility to use donated computing resources of idle PCs. It is shown that a sequential

version of application coded in 4  t generation language (4GL) could to be easily ported to

the parallel version for a distributed BOINC-like Desktop Grid (DG) by slight modifications in its
code by means of simple and intuitive Distributed Computing Application Programming
Interface (DC-API) by SZTAKI. Feasibility of this approach is demonstrated on the basis of the
application  MultiscalelVideoP (Multiscale Image and Video Processing) with 4GL MATLAB-
code used to observe the dynamic behavior of metals under mechanical deformation and
process the surface statistical parameters. The high-performance grid-enabled version of the
MATLAB application MultiscalelVideoP is designed and tested in local BOINC Desktop Grid
(DG) distributed computing infrastructure (D Cl) at IMP and XtremWeb DG at LAL. The
practical experience is summarized on the basis of analysis of typical requirements,
resources, expenditures and performances, ad vantages and drawbacks, typical errors and
mishaps. The possible ways are considered for the further scaling-up and increase of
performance by delivering this application to EGEE resources through EDGeS XWHEP->EGEE
Bridge.

1 Introduction

The current common tendency in sc  ience is to use the specialized scientific software packages
with many standard functions and toolboxes. The essential feature of these software packages is
availability of user-friendly interface, where scientists can make research in an interactive
manner by means of high-level 4 t generation languages (4GL) to reach high efficiency and
productivity. Unfortunately, most of such popula r software packages do not include functions or
services which allow users to take advantage of parallel processing or run as many workers on
remote computers as their licensing allows. By many reasons it is not possible to scale up this
approach significantly without considerable investments of money and human resources.

But recently the distributed computing model on the basis of the BOINC SZTAKI [1] and
XtremWeb [2] DG platform for  high-performance distributed co  mputing becomes very popular
due to feasibility to use donated computing resources of idle PCs and integration with global
computing grid. Here we show that a sequential version of the scientific application coded in
4GL could to be easily ported to the parallel version for a distributed computing environment
(DCI) as Desktop Grid (DG) by means of BOINC and XtremWeb software.

2 Scientific Application Domain

Usually we investigate dynamic behavior of the metals under mechanical deformation (Fig. 1)
in loading machine, record its evolution by high-speed camera connected to optical
microscope, and apply our multiscale image and video processing ( MultiscalelVideoP )
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application for experimental data processing [3 ,4]. Optical microscopy is usually used for
structural characterization of ma  terials in narrow ranges of magnification, small region of interest
(ROI), and in static regime. But many crucial processes of damage initiation and propagation
take place dynamically in the wide observable time domain from 10 -3 s to 103s and on the
many scales from 10 8 m (solitary defects places) to 10 2 m (correlated linked network of
defects). That is why our calculations include many parameters of physical process (process
rate, magnification, illumination conditions, hardware filters, etc.) and image processing
parameters (size distribution, anisotropy, loca lization, scaling parameters, etc.), hence the
calculations are very slow. That is why we have the extreme need of more powerful
computational resources. The primary users of this application are scientists of G.V. Kurdyumov
Institute for Metal Physics (IMP) of the National Academy of Science of Ukraine. However, the
application has more generic importance for pe ople involved in image and video processing
and could be applied in wider domains.
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Fig. 1. Typical experimental work flow for sequential version of MultiscalelVideoP application

The essential feature of MultiscalelVideoP application is that it is coded in 4GL (MATLAB" M-
code) and run in an interactive manner in th e commercial MATLAB" integrated development
environment (IDE) with strict licens ing limitations (see below). That is why one of challenges of the
work was to develop and test the original alternative way for integration of such MATLAB objects
and 4GL-codes in DCI for high-performance distributed computing on the example of image
and video processing. The Grid-enabled version of the proposed application MultiscalelVideoP
would have a very wide range of potential user s, because modern laboratories has commercial
microscopes with digital output connection to PC and perform everyday tasks of complex static
and dynamic morphology analysis: in biology, ge ology, chemistry, physics, materials science,
etc.

That is why two aims were pursued during the work:

I the general aim: to develop unified approach for porting a typical sequential application

coded by 4GL (as MATLAB-code) in interact  ive IDE to its parallel version at DCI;

I the more specific aim: to increase efficiency of our application, namely MultiscalelVideoP
by porting it to DCI.
It should be noted that at the beginning of the work the MultiscalelVideoP application was used

in sequential version only in an interactive IDE of MATLAB" package. Moreover, its developers
(the ordinary scientists and engineers in materi  al science domain) were not experts in parallel
and distributed computing. That is why it was in  teresting to verify feasibility of porting such
application to different target desktop grid platforms (BOINC and XtremWeb) by ordinary end-
users under guidance of more  proficient partners from SZTA Kl [1], LAL, and INRIA [2].

The following main challenges were tackled regarding the MultiscalelVideoP application:

1. Create a BOINC DG-enabled implementation of the sequential version of
MultiscalelVideoP application (based on the existing prototype, guides and tutorials
proposed by EDGeS partners).

2. Install the IMP Local Desktop Grid (IMP LDG).

3. Create Windows-version of client-part of parallel MultiscalelVideoP and apply automatic
procedures for its configuration on workers with Windows system.
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4. Deploy and test DG-e nabled version of MultiscalelVideoP on IMP LDG.

5. Create Linux-version of client-part of  MultiscalelVideoP and apply automatic procedures
for its configuration on workers with Linux system.

6. Deploy and test DG-e nabled version of MultiscalelVideoP on the external server at CETA-
CIEMAT testing infrastructure.

7. Find way to deliver MultiscalelVideoP to EGEE global co mputing resources.

3 Porting Sequential MultiscalelVideoP Application to Distributed Computing
Environment

The original sequential version of MultiscalelVideoP application was based on the MATLAB M-
code and run

1. in an interactive manner in the MATLAB IDE,

2. as a compiled standalone sequential application.
Input files (images and AVI-video files) for each instance of the sequential application usually
were manually adapted to the resource limitations of each target PC (for example, do not
exceed RAM memory limit, hard  disk limit, etc., and provide balanced workload on all PCs).

3.1 Standard Commercial Approach
The MATLAB proposes the high-performance 4GL for computation, visualization, and
programming in user-friendly fashion. For this purpose the MATLAB toolboxes (comprehensive
collections of MATLAB function s in MATLAB-code) are designed to solve some classes of
problems. For example, Image Processing Toolbox? contains a set of standard algorithms and
tools for image and video processing, analysis, and visualization.

The typical prerequisites for parallel execution of MATLAB-code are as follows (Fig. 2):

I Parallel Computing Toolbox (PCT) (formerly Di stributed Computing Toolbox) should be
purchased and installed on a server-side computer (so-called OMATLAB clientO);

I MATLAB Distributed Computing Server (MDCS) (formerly MATLAB Distributed Computing
Engine) should be purchased and installed on client-side computers (so-called OMATLAB
workersQ);

I the commercial license should be purchased fo r each OMATLAB workerO (it is impossible
to scale-up your parallel MATLAB-code without a proper license for worker nodes).

Fig. 2. The parallel processing in MATLAB environment by stan dard commercial approach by
MathWorks

Unfortunately, by many reasons (technical, economic , legal, privacy, etc.), it is not possible to
scale up this approach significantly without addi tional investments of financial, technical and
human resources. In addition, the scaling-up in commercial version is not flexible enough and
worker nodes cannot be easily managed in di stributed computing environment, which is
frequently changing un  der real conditions.
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3.2 Original Approach on the Basis of Desktop Grid

To avoid the above mentioned limits and drawbacks we developed the following original

solution for parallel execution of MATLAB-code in the typical distributed computing environment

(Fig. 3). The main advantage of this approach is as follows: it requires only MATLAB Compiler with
MATLAB Compiler Runtime (MCR) to work with MATLAB-code and some free software to scale-

up the parallel MATLAB-code (namely, BOINC soft  ware platform and DC-API libraries for DG by
SZTAKI [5], or/and XtremWeb platform freeware [2]).

To port virtually any MATLAB-code to DG-enabled version, one should use MATLAB" Compiler2
and compile client-side MATLAB-code to a shared library for client-side execution. Respectively,
to run the shared libraries created with the MATLAB Compiler product one should use a runtime
engine called the MATLAB Compiler Runtime (MCR). The essential feature for practically
unlimited scaling-up parallel application among volunteer PCs is that MCR is provided with
MATLAB Compiler for distribution with application and can be deployed royalty-free. By this way
MATLAB Compiler lets to run MATLAB application outside the MATLAB environment itself on the
PCs without licenses for MATLAB distributed computing.

Finally, to use this original approach the fo  llowing main procedures should be fulfilled:

1) Install Desktop Grid (DG) with a BOINC DG-server;

2) Develop your parallel MATLAB application;

3) Wrap MATLAB-functions to shared DLL-libraries by MATLAB Compiler;

4) Port the application with DLL-libraries to BOINC environment with DC-API calls;

5) Deploy an application on the DG-server;

6) All BOINC-clients themselves connect to DG-server;

7) Run the parallel application with au  tomatic housekeeping by DG-server.

The details of implementation on DG and test re sults of this original approach under typical
working conditions for MultiscalelVideoP application were described elsewhere [6].
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Fig. 3. Proposed original solution on the  basis of BOINC (and/or XtremWeb) Desktop Grid
platforms

3.3 Licensing Issues and Related Cost-Benefit Analysis

The commercial MATLAB" software by MathWorks la ys the strict licensing limitations and users
can take advantage of parallel processing on multicore and remote computers as their
licensing allows only. For example, price of Para  llel Computing Toolbox (PCT) (for multicore PCs)
is ~1000 Euro (individual) and ~4700 Euro (concurrent). Moreover, price of MATLAB Distributed
Computing Server (MDCS) (for distributed PCs) license depends on the number workers: 7000
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Euro for 8 workers, E and up to 140 000 Euro for 256 workers. Fortunately, the proposed original
method allows to get the more cheaper and fle xible scaling-up, because distribution of the
compiled versions of MATLAB-applications with MCR-environment (shared libraries) is royalty-
free (if developer-distributor have the proper MATLAB Compiler license for ~1000 Euro for
academic license).

4 Testing and deployment

We should emphasize that using DG-enabled version of MultiscalelVideoP application has
some advantages: no necessity in MATLAB Distributed Computing Server license; automatic
setup/disband of workers; easier attachment/detachment of unlimited number of volunteer

PCs; more free and flexible management of id le/busy workers; unlimited scaling-up. But DG-
enabled version of MultiscalelVideoP application has some drawbacks: unpredictable Oblack
boxO behavior of proprietary MATLAB functions;  conflicts of intrinsic standard Matlab warnings
with BOINC (for example, about absence of X11 display in Linux, etc.) that cause instability; not

all MATLAB functions and toolboxes are portable.

In order to send work units of MultiscalelVideoP application to EGEE resources over EDGeS
BOINC->EGEE bridge [7], some further developm ent and configuration steps were performed.
This Linux version uses only statically compiled libraries, since they have to run on different
machines with different configurations. Unfortun ately, this is in contrast with proprietary
standards and policies of MATLAB software, where dynamic linking is allowed only by
Mathworks. Additional aspect is that prop rietary MATLAB-libraries in MATLAB Runtime
Environment is very hard to configure for intrinsic dynamic linking for all possible flavors of Linux
even for standalone execution of client-part. (This is much simpler and feasible for Windows-
based workers.) Moreover, BOINC infrastructure does not tolerate the standard MATLAB
warning about absence of X11 grap  hic display, when it is started in console mode (which is
famous drawback of MATLAB environment).

Fortunately, the alternative porting way was elaborated on the basis of XtremWeb DG
platform, which also allow to deliver MultiscalelVideoP application to EGEE resources through
EDGeS XtremWeb->EGEE Bridge. Now MultiscalelVideoP application is deployed and used on
production level on IMP Local De sktop Grid (IMP LDG), and for testing at CETA-CIEMAT testing
infrastructure (CETA-CIEMAT TI) and XtremWeb at LAL.

5 Conclusions

The main achievement is demonstration of the pr actical feasibility to port, distribute, and use
DG-enabled version of an application coded in 4GL (like MultiscalelVideoP  application) in
distributed computing infrastructure with workers that do not have specific IDE (as MATLAB IDE)
on their systems (except for the freely distributable shared libraries, like MATLAB MCR-
environment) needed to support the wrapped 4GL code.

The additional important achievement was that BOINC-DG with DC-API technology of high-
performance distributed computing were proved to be effectively used by non-professional
developers in an ordinary materials science lab wi th significant increase of productivity of image
and video processing.

Unfortunately, the significant difference between the Windows and Linux versions of MATLAB
software does not allow to port client-parts of MultiscalelVideoP application to Linux-based
systems through EDGeS BOINC->EGEE Bridge and alternative way through EDGeS XtremWeb-
>EGEE Bridge should be used.

The tests of MultiscalelVideoP application on XtremWeb-based DG on the IN2P3 XtremWeb
infrastructure and over EDGeS XtremWeb->EGEE bridge had shown that DG-enabled version of
application with DC-API could be ported to XtremWeb platform and operated through EDGeS
XtremWeb->EGEE bridge.
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The application is now deployed and utilized by its target user community at IMP on demand.
Our scientific community is also working on the advanced version MultiscalelVideoP application.
The further feasible improvements are possible on the basis of stable runs through EDGeS
XtremWeb->EGEE Bridge. And the big reserve of improvement is related with development of 64-
bit and versions of client parts enabled for Graphic Processing Units (GPU).

Acknowledgements.  The work presented here was funded by the FP7 EDGeS project. The EDGeS
(Enabling Desktop Grids for e-Science) project receives Community funding from the European
Commission within Research Infrastructures initiative of FP7 (grant agreement Number 211727)
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Abstract
Applicability and everyday efficiency of the Deskt op Grid (DG) distributed computing technology
is demonstrated in an ordinary materials scienc e lab with heterogeneous distribution of desktop
computing resources and limited quantity of high-q ualified computer scientists. For this purpose the
DG-enabled parallel version of the sequential application was developed and tested on the
worker nodes of a DG testbed installed on the basi s of the BOINC software platform and of simple
and intuitive Distributed Computing Application Pr ogramming Interface (DC- API) by SZTAKI. This
approach was proved to be effectively used by non-professional developers in an ordinary
materials science lab wi th significant increase of producti vity and efficiency. The practical
experience is summarized and discussed on the ba sis of analysis of available resources, actual
expenditures and performances, observed adva ntages and drawbacks, typical errors and
mishaps. The possible ways are considered for the further scaling-up and increase of performance
by delivering such applications  to EGEE resources by EDGeS DG ->EGEE and XWHEP->EGEE Bridges.

1 Introduction

The processes of agent aggregation in clusters are investigated in many branches of science: defect
aggregation in materials science, coalescence processes, population dynamics in biology, city growth

and evolution in sociology, etc [1-3]. There are experimental data confirming their evolving structure,
which is hierarchical on many scales. The available theories give many scenarios of cluster
aggregation, formation of hierarchical structures, and their scaling properties [4-7]. But it takes the
powerful computational resources fo  r hierarchical processing of the huge databases. Our application
SLinCA (Scaling Laws in Cluster Aggregation) simulates the several general scenarios of monomer
aggregation in clusters with many initial configuratio ns of monomers (random, regular, etc.), different
kinetics law (arbitrary, diffusive, ballistic, etc.), various interaction laws (arbitrary, elastic, non-elastic,
etc.). The typical simulation of one cluster aggregation process with 10 6 monomers takes
approximately 1-7 days on a single modern processo r, depending on the number of Monte Carlo steps
(MCS). However, thousands of scenarios have to be simulated with different initial configurations to get
statistically reliable results (Fig. 1). The parallel execution environment can reduce the waiting time and
scale up the simulated systemto  the desirable real istic values.

In Out
I —

- N Y Ve L
B I T R N N €L
Finning point n L
It is possible to go in/out pile-up ONLY .
through left/right ends of the pile-u L

N Wall

It is possible to go in/ out wall
in ANY place on the wall.

Fig. 1. Simplified scheme of decrease/increase of the size of simulated aggregating cluster
(example of dislocation ensembles in material science)

To calculate the parameters of evolving aggregates (moments of probability density distributions,
cumulative density distributions, scaling exponents, etc.) with appropriate accuracy (up to 2-4
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significant digits), we need the better statistics (10  4-108 runs of many different statistical realizations of

aggregating ensembles), which will be comparable wi th the same accuracy statistics of available
experimental data. These separate runs of simula tion for different physical parameters, initial
configurations, and statistical realizations, are comp letely independent and can be easily split among

available CPUs in a Oparameter sweeping® manner of parallelism. A large number of runs, needed to
reduce the standard deviation in Monte Carlo simulations, could be distributed equally among
available workers and are combined at the end to calculate the final result.

The motivation for porting  SLInCA application to distributed computing environment was to utilize
larger number of resources at robust production level when compared to the existing prototypes. It
should be noted that before this work SLinCA application was used in sequential version only. Moreover,
its developers (the ordinary scientists and engineer s in material science domain) were not experts in
parallel and distributed computing. That is why the ma in aim of the work was to verify feasibility of
porting such application to different target de sktop grid platforms and global EGEE computing
resources by ordinary end-users.

The following main challenges were tackled regarding the SLinCA application:

1. Create BOINC DG-enabled implementation of the sequential version of SLIinCA application
(based on the existing prototype, guides and tutorials proposed by EDGeS partners).

Install the IMP Local Desktop Grid (IMP LDG).

Deploy DG-enabled version of ~ SLinCA application on IMP LDG.

Run DG-enabled version of  SLinCA application on IMP LDG.

Deploy DG-enabled version of  SLinCA application on the external server at CETA-CIEMAT testing
infrastructure.

Run EGEE-enabled version of SLinCA application through the BOINC to EGEE bridge.

7. Implement an XtremWeb based version of the application.

8. Run XtremWeb-enabled version of  SLIinCA application through the XtremWeb to EGEE bridge.

akrown

o

2 Porting Sequential Application to Distributed Computing Environment

2.1. Running BOINC Desktop Grid enabled version of application

The original version of SLIinCA application was the non-stable sequential version and needed to be
significantly enhanced for usage for parallel and di stributed computing. Availability of simple and
intuitive Distributed Computing Application Programming Interface (DC-API) by SZTAKI [8] allows us
(materials scientists, and non-professional develo  pers even) to make necessary modifications in a
code of the sequential version of SLinCA and port it to the parallel version. Due to usage of DC-API
the new parallel version of  SLInCA application could be run in a clie nt-server model with worker nodes
of a distributed SZTAKI Desktop Grid (DG) on th e basis of the BOINC server and clients [9].

Actually, Desktop Grid is an efficient way for calculation of resource-intensive tasks such as SLinCA
even on low-scale computing facilities of our IMP Local Desktop Grid (IMP LDG). The essential feature

for such scientific community as IMP is that DG in  volves only free software, for example, as BOINC
software, SZTAKI DC-API libraries, and some st andard packages (like Apache web-server, MySQL
database, etc.). In practice, the following simple st eps should be done for setting DG environment in
an ordinary lab and porting the sequential version of SLIinCA application to DG environment:

install Desktop Grid with a BOINC-DG server;

port your sequential application to parallel version by inclusion of DC-API calls;

deploy an application on the DG server and run it;

connect worker PCs and get results.

The new DG-enabled version of  SLinCA application, implemented in the framework of the EDGeS
project [10], is based on DC API that significan tly reduced the development time and effort. The
master component of the application accepts a se t of input parameters and generates the work
units with separate subsets of these parameters for each case of an aggregation scenario. The
workers calculate the evolution of different aggregation scenarios for their subsets of input
parameters, and send the results for that specific su bset back. Finally, the ma ster application gathers
the results received from workers and provide the final output.

This BOINC DG-enabled version of SLIinCA application has been deployed on the IMP Local
Desktop Grid (IMP LDG) and available for production use by the target user community. The results

EnterTheGrid - Analysis - Reports - May 2010 ! 55



Third AlmereGrid Desktop Grid Experience workshop

of these tests on IMP LDG are described and reported in details elsewhere [11]. Then similar tests
were performed with  SLinCA application deployed at CETA-CIEMAT testing infrastructure with

external workers.

2.2. Running application through the EDGeS DG to EGEE bridge

In order to increase performance by usage of EGEE computing resources the EDGeS DG to EGEE
Bridge technology should be used [11]. To send work units of SLinCA application over EDGeS DG-
>EGEE bridge, some further development and configur ation steps were performe d. The most part of
workers of the IMP LDG are Windows PCs. That is wh y Linux version (32 bit version, at the moment) of
the client-part of  SLinCA application had to be developed for EGEE which uses Linux based clusters.
This Linux version use only statically compiled librar ies, since they have to run on different machines
with different configurations. The Linux versions ha ve been separately tested on the EDGeS VO of
EGEE (at CETA-CIEMAT test infrastructure) before co nfiguring the DG to EGEE bridge for supporting
SLinCA application.

BOINC DG to EGEE bridge. The BOINC to EGEE bridge is registered as a dedicated user at CETA-
CIEMAT test infrastructure. To enable the bridge the execution of work units of SLinCA application, the
configuration file of this dedicated bridge user had to be configured accordingly. After configuration
the bridge pulls work units of  SLIinCA application from the BOINC server, and executes them in the
EDGeS VO in a user transparent way. The work of this version of  SLinCA application over the BOINC-
>EGEE bridge has been successfully tested on the at CETA-CIEMAT test infrastructure with 10 available
EGEE workers and more than 800 work units of  SLInCA application successfully passed and calculated
over the BOINC->EGEE bridge (Fig. 2). It should be noted that actual speedup (~3) was lower than
theoretical one (~10), because the work units with short runtimes (1, 3, 5,7 minutes, respectively) were
used in the tests and were shadowed by overheads related with necessary EGEE-related operations
(checking certificates, searching free EGEE reso urces, adding work to queue, sending data,

processing data, going back the generated output, etc.).
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2009w test1at EGEE

o test2at EGEE
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15001 —test 1 as sequential 34
—————— test 2 as sequential
test 3 as sequential
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Speedup
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Time (minutes)

500 - iy
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a) comparison of sequential and parallel b) actual speedup with the number of work
versions units
Fig. 2. Results of tests for SLInCA application at CETA-CIEMAT test infrastructure
This version of SLinCA application is planned to be used in the IMP LDG which w ill be connected to
the EDGeS VO (in which there are about 1500 workers at the time of writing this paper) and supported

by it.

As it was already mentioned, it was very important to verify feasibility

XtremWeb DG to EGEE bridge.
SLinCA

of porting SLIinCA application to different target desktop grid platforms. That is why
application has been ported to XtremWeb based desktop grid and over XtremWeb DG->EGEE bridge
on the IN2P3 XtremWeb infrastructure at LAL (Laboratoi  re de l'accelZrateur linZaire, IN2P3, Orsay) [12].
As part of the EDGeS project, an XtremWeb back-end has been implemented for the DC-API.
Therefore, compiling the DC-API version of SLinCA application with the XtremWeb back-end
automatically enables the application to run on the XtremWeb platform. As a result, no further porting
activity was required. Although XtremWeb is not the primary target platform for the user community of
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the application, this experiment has well demo nstrated the portability of such DG-enabled
application that utilize the DC-API.

The XtremWeb version of SLinCA application has been successfully tested on the IN2P3 XtremWeb
infrastructure with more than 1100 work units of SLinCA application successfully fulfilled during the test
phase at local XtremWeb desktop grid. Its work units have also been sent to the EGEE EDGeS VO via the
XtremWeb to EGEE bridge (at least, 256 work units successfully passed and calculated over the
XtremWeb->EGEE bridge, at the time of writing this paper) (Fig. 2).
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a) comparison of sequential and parallel b) actual speedup with the number of work
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Fig. 2. Results of tests for SLINCA application at IN2P3 XtremWeb infrastructure (XWHEP) at LAL

3 Conclusions

Now SLIinCA application is deployed and used on production level on IMP Local Desktop Grid (IMP

LDG) and for testing at CETA-CIEMAT testing infrastructure (CETA-CIEMAT TI). The XtremWeb version of
SLIinCA application is deployed and used now at IN2P 3 XtremWeb infrastructure at LAL (Laboratoire
de l'accelZrateur linZaire, IN2P3, Orsay).

The main achievement is that BOINC-DG with DC-API and XtremWeb-DG ideologies of high-
performance distributed computing were proved to be effectively used by non-professional
developers in an ordinary materials science lab wi th significant increase of productivity. The absence

of significant performance difference of the Windows and Linux versions of  SLIinCA application shows
that its performance increases significantly by delivering SLinCA application to EGEE resources through
EDGeS BOINC->EGEE Bridge and to EDGeS XtremWeb->EGEE Bridge.

More Efficient Housekeeping and Linear Speedup. The tests with the DG-enabled parallel  version of
SLinCA application show that the decrease of time for housekeeping operations with the number of

work units was dramatic and it is limited only by one-time configuration of the new nodes, but not by
increase of the number of work units. The general speedup with the number of CPUs was huge even in

our lab-scale DG testbed and close to the theoretical linear growth. The tests over EDGeS BOINC-
>EGEE bridge has shown that despite overheads related with necessary EGEE-related operations
(checking certificates, searching free EGEE resources, adding work to queue, sending data, processing
data, going back the generated output, etc.), the speedup was also linear and close the theoretical

values. It was much closer for work units with bigger runtimes (>20 minutes, at least). The tests of SLinCA
application on XtremWeb-based desktop grid on th e IN2P3 XtremWeb infrastructure and over EDGeS
XtremWeb->EGEE bridge had shown that DG-enabled version of application with DC-API could be
ported to XtremWeb platform and operated through EDGeS XtremWeb->EGEE bridge. The current
estimations (at the time of writing this paper) show that XtremWeb-based approach provides the same

level of efficiency and similar linear speedup, at le ast for such a parallel application with Oparameter
sweepingO® manner of parallelism.

Higher Usability. Usability of parallel running the hundreds tasks was much higher in comparison with
their sequential running on the same number of PCs. In theory it seems to be trivial, but in practice (in
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the view of many obstacles originated by heteroge neity and human factor) it creates an enchanting
effect for ordinary end-users as we are.

Our scientific community is also working on the advanced version SLinCA application. The further
feasible improvements are possible on the basis of special measures as to get more uniform

computing infrastructure, more efficient usage of memory, etc. In addition, the big reserve of
improvement is related with development of 64-bit client parts and versions enabled for Graphic
Processing Units (GPU). Additional important aspect of improvement is related with development of
and usage of parameter sweep workfl ow for P-GRADE portal to make SLinCA application interactive
and more convenient for the wider circle of ordinary end-users with the limited experience in parallel

and distributed computing.

Acknowledgements.  The work presented here was funded by the FP7 EDGeS project. The EDGeS
(Enabling Desktop Grids for e-Science) project receives Community funding from the European
Commission within Research Infr astructures initiative of FP7 (grant agreement Number 211727)
(www.edges-grid.eu ).
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The sequential organization of genomes, i.e. the relations between distant base pairs and regions wi
sequences, and its connection to the three-dimensional organization of genomes is still a largely unreso
problem. Especially for the identification of long-ranmawer law correlations we developédrrelizer.

Since more and more genomes have now been sequenced completely the computational power need
enormous to get highly quantitative results for basic analysis and comparisons of all the genomes in det
Grid infrastructures provide the huge resources needed and(gineézer is a prime example for trivial
parallelization with corresponding handable numerics, grid infrastructures are the prime resource to
used. Therefore, we have gridifi€drrelizer to grid infrastructures, ported it to BOINC and XtremWeb in
an EDGeS compatible form to run on desktop grids as AlmereGrid and other EDGeS resources. Sir
Correlizer is an example of a major project classes, we setup a complete grid bridging system: The syst
is split in two parts i) a backend that does all grid related tasks, and ii) a front end interface for the us
where the users have to add and fetch their jobs. For security reasons the backend and frontend resid
different systems and are not able to connect to each other. Concerning the baelsstemn has a list of
applications and definitions as e.g. to which gnidastructure it may be submitted to or not (depending on
the requirements). There is also a list &ach host that is accessible on the different grid infrastructures
anddefines under what conditions jobs can be submitted on this host. In opénatizeckend will check

for free execution nodes and will submit the job according to the middleware used to the specific ho
Each job and the files uploaded to the grid core will be checked for malware before submission. The sta
of a job will be closely monitored thereafter. In case of an error it will be removed from the package froi
the host it ran on. Otherwise the results are transported back before the removal is done. Also the res
are checked for malware. The front end checks all the user entries, allows to query the job status,
otherwise shields the complete backend process, thus the user does not spend time learning how to st
jobs to the different grid infrastructures. Again here multiple security checks are done. Porting 1
XtremWeb involved generation of three executables for Linux, Mac OS X and Windows, as well a
connection to the backfill system. Executables were uploaded via the xwadd-command. Porting to BOI}
was not as straight forward due its more closed nature, but due to the structure of SequCorr the stanc
BOINC wrapper could be applied (Genwrapper and Cargoship were also investigated) with the advante
that the same executables as for Xtrem Web can be applied. For easy integration with the backfiller,
expanded thlmereGrid metascheduler with a BOINC interface that allows the use of JSDL for job
descriptions. With this approach we are able to successfully extend our previous studies which we
limited to very view completely sequenced genomes prolomg-range power-law correlations are
present in all around 7000 genomes we analysed so far nearly up to the entire sequence scale, with m
scaling behaviour and appearance of a fine-structure. All this is specie specific correlations see
evolutionarily tightly controlled and connected to the spatial genome organization, especially on lar
scales. Thus, genomes show a complex sequential organization related closely to their three-dimensi
organization. Consequently, desktop grids using XtremWeb or BOINC middlepraréde efficient
platforms to do such large-scale analysis, which are trivially parallelizable, and integration into the EDGe
infrastructure provided a very usefull route to use different grid infrastructures via its bridges.
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