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With the advent of distributed computing, the need for frameworks that facilitate its
programmingandmanagement has also appeared. These tools have typically been used
to support the research on application areas that require them. This poses good initial
conditions for translational computer science (TCS), although this does not always occur.
This article describes our experiencewith the PyCOMPSsproject, a programmingmodel
for distributed computing.While it is a research instrument for our team, it has also been
applied inmultiple real use cases under the umbrella of European Fundedprojects, or as
part of internal projects between various departments at the Barcelona Supercomputing
Center. This article illustrates how the authors have engaged in TCSas an underlying
researchmethodology, collecting experiences from three European projects.

Programming parallel and distributed computing
systems is a challenging task. Many aspects
contribute to it: the complexity of the comput-

ing infrastructure with new architectures and heteroge-
neous devices, the computer and data distribution
aspects, or the complexity of the applications that need
to leverage the infrastructure computing power.

To address these challenges, multiple groups have
been conducting research towards providing program-
ming environments that simplify the development of
applications.1,2

Among the paradigms to ease the development of
parallel applications, a widely supported approach is
task-based programming. Based on defining parallel-
ism at the task level, a task may have different granu-
larities: from a few lines of code to a function, to an
invocation, to an external binary. Most environments
consider identifying data dependencies between tasks
and build a directed acyclic graph at execution, with
nodes representing tasks and edges data-dependen-
cies between them. The paradigm has proven to be

applicable both at node level3,4 and on distributed
computing environments.5,6

The PyCOMPSs projecta was started 15 years ago.
One of the project’s goals is to produce stable and reli-
able software that end-user applications can use. This
gives us feedback driving new research and develop-
ments in the project while at the same time enabling
progress in the application research areas.

This article describes our research methodology in
programming environments for distributed computing
and how translational research in computer science
(TCS) has guided our research process.7

OVERVIEW
PyCOMPSs8,9 is a programming environment designed
and developed at the Barcelona Supercomputing Center
(BSC). Based on the tasks paradigm, the primary goal of
this software is to ease the development of parallel appli-
cations for distributed computing platforms.

Depending on the granularity of the tasks, the envi-
ronment can be used to develop traditional task-
based applications (fine-grain tasks) or to develop
workflows (coarse-grain tasks).
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ahtt_p://compss.bsc.es/, PyCOMPSs is the Python binding of
COMPSs. For clarity, in this article, PyCOMPSs is used as a
generic term, which includes COMPSs.
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With the PyCOMPSs project, we have conducted
research on multiple topics, among others: the pro-
gramming model itself; resource management and its
execution in high-performance computing (HPC),
clouds, containers; task scheduling; integration with
storage and input/output; or convergence of HPC, Big
Data, and artificial intelligence.

The project does not target a specific application
area, and we have beenworking in the context of multi-
ple projects with user communities that have provided
specific requirements. PyCOMPSs have been lever-
aged in project use cases in biomedicine, engineering,
biodiversity, chemistry, astrophysics, financial, tele-
communications, manufacturing, and earth sciences.

Although PyCOMPSs is an academic open-source
research project, the code is managed under a contin-
uous integration & continuous deployment process
with a testing infrastructure that validates new fea-
tures before merging. Periodic stable releases are
delivered twice per year. We perform multiple training
activities, and the team members provide support
under a best-effort approach.

BSC is proud of having projects that live beyond their
funding schemes. For example, BSC’s performance tools
have been developed for more than 25 years and
PyCOMPSs for around 15 years now. While specific
developments from basic research projects may be only
done as prototype versions, most of those from funded
projects are integrated into the official versions.

TRANSLATION PROCESS
TCS in European (EU) Funded Projects
From its early times when COMPSs was started in the
CoreGRIDb project, the framework has been involved

in more than 25 EU-funded projects. While Abramson
and Parashar7 identified general shortcomings in
existing funding schemes for supporting TCS, some
EU funding schemes support projects that include
translational computing in some sense.

The European Commission (EC) not only funds
basic research programs, such as the prestigious ERC
or the Marie Curie award. For example, the current
H2020 program considers the following two types of
schemes: research and innovation actions (RIAs) and
innovation actions (IAs).

RIAs fund more research-oriented activities but
still expect industry involvement to explore the possi-
ble industrial feasibility of the research results. In IAs,
funding focuses on closer-to-the-market activities,
including prototyping, testing, demonstrating, piloting,
etc. In addition, the “HPC centres of excellence” (CoE)
address scientific applications and user communities
running application codes or large-scale workloads
seeking an extreme scaling performance.

These are three examples of the funding schemes in
Europe. All of them are collaborative in nature, expecting
a consortium that consists of universities, research insti-
tutes, small and medium enterprises (SMEs), and large
companies. The partners can play different roles in the
consortium: research or technology provider, application
provider, end-user, etc. In many cases, industry plays the
end-user role, providing use cases that are somehow
prototyped and evaluated in the project. This does not
mandate TCS, but from the authors’ point of view, it may
help in the process.

The EC indicates in the call text the expected
impact of the funded projects, for example, indicating
the level of innovation and productivity enhancement
that is sought.

In this article, we will focus on three exemplar EU
funding experiences on which we have been involved

FIGURE 1. PyCOMPSs and its relation to exemplar EU projects.

bhtt_p://coregrid.ercim.eu/
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with PyCOMPSs: The BioExcel CoE, the ExaQUte RIA
project, and the eFlows4HPC IA project (see Figure 1).

BioExcel CoE
BioExcelc is the HPC European Centre of Excellence
for Computational Biomolecular Research. BioExcel’s
mission is to provide applications, tools, support, and
networking opportunities to address grand scientific
challenges that fully exploit the power of large
e-infrastructures.

Our team focuses on a collaboration with the Insti-
tute for Research in BioMedicine toward the design
and development of the BioExcel Building Blocks
(BioBBs) library.10

WHILE THE BIOBB DEVELOPMENT
TEAMHAS CONDUCTED ITS
RESEARCH ONWORKFLOWS FOR
BIOMOLECULAR RESEARCH, THE
PYCOMPSS TEAM HAS PERFORMED
MORE GENERIC RESEARCH ON THE
RESOURCEMANAGEMENT AND
EXECUTION OF LARGEWORKFLOWS
IN HPC SYSTEMS.

Each BioBB is a Python wrapper on top of biomolec-
ular simulation tools. The building blocks share a unique
syntax, requiring input files, output files, and input
parameters, irrespective of thewrapped program.Work-
flows assembled by composing multiple building blocks
and packaged in a single Python script with a defined
Conda environment to be shared and reproduced.Multi-
ple workflow engines can enact BioBB workflows, spe-
cifically PyCOMPSs, when targeting HPC environments.

During the development of the BioBB library, the
BioBB development team and the PyCOMPSs team
have been working in collaboration. While the BioBB
development team has conducted its research on
workflows for biomolecular research, the PyCOMPSs
team has performed more generic research on the
resource management and execution of large work-
flows in HPC systems.

Multiple specific research topics in the PyCOMPSs
team have arisen thanks to the BioBB workflow’s
requirements. Some of these topics were related to
fault tolerance: management of application failures at

task-level, support to application restart, and applica-
tion checkpointing. For example, the original behavior
of PyCOMPSs applications was to safely terminate
the whole application if a task error was detected. The
BioBB developers indicated to the PyCOMPSs team
that such behavior was too conservative and would
like to enable the workflows to continue the execution
even when some tasks failed. We extended the
PyCOMPSs syntax to enable the developer to indicate
the desired behavior if an error occurred in a task.11

For example, this interface allows you to tell the run-
time to ignore individual tasks’ errors and continue
execution and cancel the execution of erroneous task
successors.

The BioBB library is offered to the user community
through tutorials, as ready-to-use workflows, or as
source code to build new workflows. An example of
the level of readiness of the BioBB workflows has
been demonstrated with the SARS-CoV-2 emergency.
In early 2020, the two teams worked together to define
a set of pre-exascale workflows. However, the pan-
demic changed the priorities toward research ques-
tions related to the virus’s evolutionary path or the
different human sensitivity reactions. The BioBB and
their workflows were quickly adapted to answer these
questions, and they were run in the MareNostrum 4
supercomputer at BSC.

ExaQUte Project
The ExaQUte project aimed at constructing a framework
to enable uncertainty quantification and optimization in
complex engineering problems, using computational
simulations on exascale systems. The project ran from
May 2018 to the end of 2021.

The project was based on multilevel Monte Carlo
(MLMC) to enable a large number of stochastic varia-
bles. TheMLMC algorithm is implemented with the xMC
library,d which explores multiple simulations of the Kra-
tos multiphysics software.e Kratos is fed with meshes of
different characteristics defined with the ParMmg soft-
ware.f The whole framework is integrated with Python
scripts annotated with PyCOMPSs decorators to sup-
port parallelism and distributed computing.

Concerning PyCOMPSs, the main goal was the
extension of existing task schedulers to extract the
parallelism of the MLMC algorithm and to support dis-
tinct levels of complexity of the tasks (OpenMP and
MPI tasks), which implies different duration and

chtt_ps://www.bioexcel.eu

dhtt_ps://doi.org/10.5281/zenodo.3235832
ehtt_ps://www.cimne.com/kratos/
fhtt _ps://www.mmgtools.org/
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different amounts of resources used by each task. A
critical paradigm to support was the relaxation of
global synchronizations required between simulations
belonging to different levels of the MLMC algorithm.12

In addition, the support for MPI tasks was very naive
at that time and required extensions to support more
complex data layouts.

The research in the project was conducted at mul-
tiple levels, with subobjectives, mapping to the com-
ponents mentioned before (xMC, Kratos, ParMmg,
and PyCOMPSs). While the components were provid-
ing requirements to others, the main driver was a final
user application aimed at robust optimization of struc-
tures subject to wind action.

Although ExaQUte involved a small number of part-
ners, it had the typical consortium structure, with an
end-user from industry, research and technology pro-
viders, and two supercomputer centers providing infra-
structure. The final user was the SME str.ucture, whose
main engineering activities lie around the industrial
application of advanced computer-aided simulation
methods on parallel HPC platforms. The company has
leveraged the research performed in the project to
study different use cases of its interest, like the assess-
ment of wind-induced galloping instability of cable cars
or the wind effects on large span bridges. This second
research was done in collaboration with German struc-
tural engineering companies.

eFlows4HPC Project
With the experience obtained in previous projects, our
research group proposed the eFlows4HPC project. The
technical objective of the project goes beyondPyCOMPSs
and proposes awhole software stack for the development
of workflows that involve HPC simulation and modeling,
artificial intelligence, andBigData analytics.

The project aims to demonstrate through three appli-
cation Pillars of high industrial and social relevance how
the realization of forthcoming efficient HPC and data-
centric applications can be developed adopting new
workflow technologies. It will integrate existing workflow
interfaces, programming models, artificial intelligence,
and data analytics libraries to provide a uniform, easy-to-
use platform that enables the exploitation of future
large-scale systems. eFlows4HPC also contributes with
the HPC Workflows as a Service idea to widen new-
comers’ access to HPC, and in general, to simplify the
deployment and execution of complex workflows in HPC
systems, providing mechanisms to enable the sharing,
reuse, and reproducibility of complex workflows.

The eFlows4HPC project involves three application
pillars to define complexworkflows based on the project

technologies. While validating the technologies, these
workflows are also a vehicle for research on the pillar
topics: digital twins for manufacturing, climate predic-
tion, and urgent computing for natural hazards.

Another goal is the user communities adopting the
project solutions to enable impact on industrial cases
and their exploitation in future HPC systems. To rein-
force the feedback to communities, the Centers of
Excellence ChEESE,g ESiWACE,h and EXCELLERATi are
involved in the project, in coordination with the Focus
CoE.j To this end, the project activities include organiz-
ing workshops and training schools that will transfer
the project methodologies and results to the relevant
CoEs and industrial communities, contributing to the
reduction of skills gaps in Europe related to HPC and
workflows development.

IMPACT
This article has described several cases where
PyCOMPSs is used in translational computer science
research. For the activities in the BioExcel project, the
impact of the translational process is evident for us.
All the stakeholders involved in the activities have
benefited from it. PyCOMPSs has been enhanced with
new features, which were fresh and exciting enough
to imply innovative research contributions.11 A signifi-
cant plus for our team is that these new features were
helpful for the BioBB workflows and have fostered the
research and development of workflows for molecular
dynamics. Finally, these activities impact the user
community, with new workflows available for their
research, and have been helpful for emerging research
activities, such as the COVID-19 investigations.

Similar conclusions can be derived for the Exa-
QUte project. The project put together a whole soft-
ware stack integrating components from different
partners. Beyond the research on programming mod-
els for distributed computing, other partners con-
ducted research on MLMC or simulation of structures,
to name a few. Multiple requirement-feedback loops
were exchanged between the consortium partners.
A small spin-off project, EdgeTwinsHPC,k was funded
to explore the viability of HPC software to generate
digital twins that run on the edge. Part of this research
is also conducted in Pillar I of the eFlows4HPC project.

We hope that in a couple of years we will also be able
to describe similar success stories for the eFlows4HPC

ghtt _ps://www.cheese-coe.eu
hhtt _ps://www.esiwace.eu
ihtt_ps://www.excellerat.eu
jhtt_ps://www.hpccoe.eu/about/
khtt _ps://www.edgetwins.eu
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project which, from our point of view, has been driven by
translational computingmethodology.

LESSONS LEARNED
Our experience shows that research translation is an
iterative process in which new ideas appear after
some work. The implementation of the new ideas ena-
bles further developments that can provide fresh
ideas, and so on. This turns out to have benefits to the
different teams involved in the translation process.

One of the challenges of translational research is the
multidisciplinary aspect that requires some adjustments
in the way of working. The progress sometimes seems to
be slow due to different communication languages, prior-
ities, or skills (i.e., what is easy for one group looks very
difficult for another). One lesson learned in this sense is
that patience is essential. One should not get disap-
pointed if the initial results do not look as expected.

Another lesson that we have learned is that at
BSC, we are privileged because we have multiple
research departments working on different topics in
the same place. While working with cross-disciplinary
teams requires some effort, the impact and results
exceed the investment. In this sense, our recommen-
dation would be to foster the foundation of interdisci-
plinary centers and encourage their groups to work
together in joint projects.

We recognize a trade-off between the cost of deliv-
ering stable software, usable for others, and the num-
ber of research publications produced. The effort is
not always recognized, at least in the short term. Nev-
ertheless, it is worth it: besides offering exciting tools
to the community, starting a new research topic from
stable, reliable software is a powerful beginning. The
group has been able to deal with this concern and at
the same time enjoy enough flexibility and creativity
to conduct research on new topics.

CONCLUSION
This article has presented the authors’ view of the
translational computer science methodology involved
with the PyCOMPSs project. PyCOMPSs is a parallel
programming model for distributed computing devel-
oped at BSC. Since its infancy, it has been partially
supported by multiple EU-funded projects. Instead of
proposing a brand new independent idea for each
project, which is developed as a prototype discontin-
ued after the funding period, the approach has been
to allow the project to continue alive thanks to
multiple cycles of funding.

In addition, we have leveraged the privileged situa-
tion at BSC with multidisciplinary research departments

and the collaborative nature of most EU funding
schemes to implement a TCS approach.

ACKNOWLEDGMENTS
This work was supported in part by Spanish Government
under Contract TIN2015-65316-P, in part by the Generali-
tat de Catalunya under Contract 2014-SGR-1051, and in
part by the European Commission’s Horizon 2020
Framework program through BioExcel Center of Excel-
lence under Contract 823830 and Contract 675728, in
part by the ExaQUte Project under Contract 800898, in
part by the European High-Performance Computing
Joint Undertaking (JU) under Grant 955558, in part by
theMCIN/AEI/10.13039/501100011033, and in part by the
EuropeanUnionNextGenerationEU/PRTR.

REFERENCES
1. E. Deelman et al., “Pegasus: A framework for mapping

complex scientific workflows onto distributed

systems,” Sci. Program., vol. 13, no. 3, pp. 219–237, 2005,

doi: 10.1155/2005/128026.

2. Y. Babuji et al., “Parsl: Pervasive parallel programming

in python,” in Proc. 28th Int. Symp. High- Perform.

Parallel Distrib. Comput., 2019, pp. 25–36, doi: 10.1145/

3307681.3325400.

3. A. Duran et al., “OmpSs: A proposal for programming

heterogeneous multi-core architectures,” Parallel

Process. Lett., vol. 21, no. 2, pp. 173–193, 2011,

doi: 10.1142/S0129626411000151.

4. P. Bellens, J. M. Perez, R. M. Badia, and J. Labarta, “Cellss:

A programmingmodel for the cell be architecture,”

in Proc. ACM/IEEE Conf. Supercomput., 2006,

pp. 86–96, doi: 10.1145/1188455.1188546.

5. R. M. Badia, J. Labarta, R. Sirvent, J. M. P�erez, J. M. Cela,

and R. Grima, “Programming grid applications with grid

superscalar,” J. Grid Comput., vol. 1, no. 2, pp. 151–170,

2003, doi: 10.1023/B:GRID.0000024072.93701.f3.

6. E. Tejedor and R. M. Badia, “Comp superscalar: Bringing

grid superscalar and GCM together,” in Proc. 8th IEEE

Int. Symp. Cluster Comput. Grid, 2008, pp. 185–193,

doi: 10.1109/CCGRID.2008.104.

7. D. Abramson andM. Parashar, “Translational research in

computer science,”Computer, vol. 52, no. 9, pp. 16–23,

2019, doi: 10.1109/MC.2019.2925650.

8. F. Lordan et al., “ServiceSs: An interoperable

programming framework for the cloud,” J. Grid

Comput., vol. 12, no. 1, pp. 67–91, 2014, doi: 10.1007/

s10723-013-9272-5.

9. E. Tejedor et al., “PyCOMPSs: Parallel computational

workflows in Python,” Int. J. High Perform. Comput. Appl.,

vol. 31, pp. 66–82, 2017, doi: 10.1177/1094342015594678.

March/April 2022 Computing in Science & Engineering 83

TRANSLATIONAL COMPUTER SCIENCE

http://dx.doi.org/10.1155/2005/128026
http://dx.doi.org/10.1145/3307681.3325400
http://dx.doi.org/10.1145/3307681.3325400
http://dx.doi.org/10.1142/S0129626411000151
http://dx.doi.org/10.1145/1188455.1188546
http://dx.doi.org/10.1023/B:GRID.0000024072.93701.f3
http://dx.doi.org/10.1109/CCGRID.2008.104
http://dx.doi.org/10.1109/MC.2019.2925650
http://dx.doi.org/10.1007/s10723-013-9272-5
http://dx.doi.org/10.1007/s10723-013-9272-5
http://dx.doi.org/10.1177/1094342015594678


10. P. Andrio et al., “Bioexcel building blocks, a software

library for interoperable biomolecular simulation

workflows,” Sci. Data, vol. 6, no. 1, pp. 1–8, 2019,

doi: 10.1038/s41597-019-0177-4.

11. J. Ejarque, M. Bertran, J. �A. Cid-Fuentes, J. Conejero,

and R. M. Badia, “Managing failures in task-based

parallel workflows in distributed computing

environments,” in Proc. Eur. Conf. Parallel Process.,

2020, pp. 411–425, doi: 10.1007/978-3-030-57675-2_26.

12. R. Tosi, R. Amela, R. M. Badia, and R. Rossi, “A parallel

dynamic asynchronous framework for uncertainty

quantification by hierarchical Monte Carlo algorithms,”

J. Sci. Comput., vol. 89, no. 1, pp. 1–25, 2021, doi: 10.1007/

s10915-021-01598-6.

ROSA M. BADIA is a group manager with the Computer Sci-

ence Department, Barcelona Supercomputing Center, Barce-

lona, Spain. Her research interests include parallel programming

models, distributed computing, workflow environments, and

convergence of AI and HPC. Badia received the Ph.D. degree in

computer science from theUniversitat Politecnica de Catalunya,

Barcelona, Spain. She is an ACM distinguished member and a

Member of IEEE. Contact her at rosa.m.badia@bsc.es.

JAVIER CONEJERO is a senior researcher with the Computer

Science Department, Barcelona Supercomputing Center

(BSC), Barcelona, Spain. His research interests include QoS,

development paradigms, parallel and distributed computa-

tion, HPC, and cloud computing. Conejero received the Ph.D.

degree in advanced computer technologies from the Univer-

sity of Castilla-La Mancha (UCLM), Ciudad Real, Spain.

Contact him at javier.conejero@bsc.es.

JORGE EJARQUE is a senior researcher with the Workflows

and Distributed Computing Group, Barcelona Supercomput-

ing Center, Barcelona, Spain. His main research interests

include the development of parallel programming models for

distributed computing platforms contributing to several

international R&D projects. Ejarque received the Ph.D. degree

in computer science form the Technical University of Catalo-

nia, Barcelona. Contact him at jorge.ejarque@bsc.es.

DANIELE LEZZI is a senior researcher with the Computer Sci-

ences Department, Barcelona Supercomputing Center,

Barcelona, Spain. His research interests include high perfor-

mance, distributed, grid and cloud computing and program-

ming models. Lezzi received the Ph.D. degree in computer

engineering from the University of Salento, Lecce, Italy. He is

a member of ACM. Contact him at daniele.lezzi@bsc.es.

FRANCESC LORDAN is a researcher with the Computer Sci-

ence Department, Barcelona Supercomputing Center (BSC-CNS),

Barcelona, Spain. His research interests include programming

models, distributed computing, and IoT-Edge-Cloud Continuum.

Lordan received the Ph.D. degree in computer architecture from

the Universitat Politecnic de Catalunya, Barcelona. Contact him

at francesc.lordan@bsc.es.

84 Computing in Science & Engineering March/April 2022

TRANSLATIONAL COMPUTER SCIENCE

http://dx.doi.org/10.1038/s41597-019-0177-4
http://dx.doi.org/10.1007/978-3-030-57675-2_26
http://dx.doi.org/10.1007/s10915-021-01598-6
http://dx.doi.org/10.1007/s10915-021-01598-6


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


