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Abstract

This document reports on the development of the regional application related use

cases proposed by the regions as a result of the work of the task force formed to

tackle the comments by the European Commission and the reviewers after the first

and second perio dic review s.

Specifically, it descri bes the projectbds Action Plan for t
the different regions addressed by CHAIN -REDS for their optimum exploitation during

the last six months of the project lifetime.

After 18 months of activity, the CHAIN -REDS project selected five Use Cases with the

aim of demonstrating the impact of the projectaos
The Use Cases have been identified with a bottom -up procedure, asking the regions

(Africa, Ar ab Countries, China, India, and Latin America) to propose applications and

services of interest for the communities in those regions. The selected Use Cases have

not only different geographical provenance, but also specific requirements that are

addressed bythe CHAIN -REDS project, making full use of the
After a short introdu  ction, the document provides an extensive overview of all the Use

cases describing for each of them: the scenario; the state of the art before the
CHAIN-REDS intervention; the actions taken by the Project to address the
requirements of the community; the follow -up activities; and considerations on the
guality metrics and sustainability issues.

Additional information relates to a synthetic analysis of the lessons learnt and how the
CHAIN -REDS use -case support activity is expected to produce  tangible results and
become i n t he achievement of appl i catlLettersa ofr el at e

Support from the  Champion Institutions are included in the Annex)

This d eliverables also reports on use cases of the identified Data Infrastructures and
Data Repositories previously analysed and targeted by CHAIN -REDS during the first
24 months of the project
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Purpose

CHAIN -REDS is a FP7 project co

-funded by the European Commission (DG CONNECT)

which started on December, 1 st 2012 and aims at promoting and supporting

technological and scientific collaboration across different e

- Infrastructures established

and operated in various continents, in order to define a path towards a global e -

Infrastructure ecosystem that will allow V

irtual Research Communities (VRCS),

research groups and even single researchers to access and efficiently use worldwide
distributed resources (i.e., computing, storage, data, services, tools, applications).

This deliverable

regions that

reports on the development of t
are devoted to
updated information of D4.1,
identified collaborative communities and the work that ha

he five use cases coming from the

demonstrate use of the e  -Infrastructure . Italso contains
D4.2, and D4.3, which reported on the previously

s been carried out jointly

with them, the standards promoted by the project and the data management solution

proposed by CHAIN

-REDS, i.e. the Data Accessibility, Reproducibility and

Trustworthiness challenge (DART)

Glossary

API
CDMI
CHAIN

CHAIN -REDS

CNRI
DART
DCI
DCMI
DowW
DR
EC
EGI

FOAF
FP7
GA

ICT
IVOA
KB
MoU
NMR
OADR

Application Programming Interface
Cloud Data Management Interface

Co-ordination and Harmonisation of Advanced

e- Infrastructures

Co-ordination and Harmonisation of Advanced

e- Infrastructures for Research Education Data Sharing
Corporation for Nation  al Research Initiatives

Data Accessibility, Reproducibility and Trustworthiness
Distributed Computing Infrastructure

Dublin Core Metadata Initiative

Description of Work 7 Annex | to the GA
Data Repository

European Commission

European Grid Initiative

Friend Of A Friend
European
Grant Agreement

I machine readable ontology

Commi ssionds Framework Progr

Information and Communication Technology(ies)
International Virtual Observatory Alliance
Knowledge Base

Memorandum of Understanding

Nuclear Magnetic Resonance

Open Access Data Repository

\_’—'—‘—___’7
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OAI -PMH
occl
OWL
PID

RDF
ROC
SKA
SPARQL
VRC
VRE

WP

XML

Open Archives Initiative Protocol for Metadata Harvesting

Open Cloud Computing Interface
Ontology Web Language
Persistent | dentifier

Resource Description Framework
Regional Operation Centre
Square Kilometre Array

SPARQL Protocol and RDF Query Language
Virtual Research Community
Virtual Research Environment
Work Package

Extensible Markup Language
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1 Introduction

CHAIN-REDS started on December, 1 %' 2012 and aims at promoting and supporting
technological and scientific collaboration across different e - Infrastructures established
and operated in various continents. It is an FP7 project co -funded by the European
Commission (DG CONNECT) and has as ultimate goal to define a path towards a

global e -Infrastructure ecosystem that will allow Virtual Research Communities
(VRCs), research groups and even single researchers to access a nd efficiently use
worldwide distributed resources (i.e., computing, storage, data, services, tools,
applications).

To do so, the project is structured in several Work Packages that addresses these

di fferent scenari os. Spetrastabtyur Wwed4dédhs awith
trust building towards open scientific data infrastructure across the world regions,

including organisational, operational and technical aspects.

In order to study the opportunities of data sharing across different e -Infrastructure
and continents, taking into account the previous European and RDA statements,

CHAIN -REDS has developed a clearly laid out  strategy. First, the project has collected
information from Open Access Document Repositories (OADR) , Data Repositories (DR)
and, more recently , Open Access Education al Repositories (OAER) worldwide ; then,
CHAIN -REDS widened the scope of the previous CHAIN Knowledge Base (KB) ! to Data
Infrastructures. Currently, i nformation about OADR , DR, and OAER is extensive ly
provided to the use rs accessing the CHAIN -REDS KB.

This work has been complemented with several tools that have been made available
to the community:
- Science Gateways that interface different types of Distributed Computing

Infrastructures.

- Creation of Identity Federations, granting secure and easy access to online
services.

- An Interoperation Model between Europe and other regions of the world , based
on the creation of Regional Operation Centres.

- The uptake of standards and technical guidelines for Clo uds interoperability

across continents and the use of PIDs (Permanent Identifiers).
- Thematic workshops and training events worldwide.
- The aforementioned CHAIN-REDS Knowledge Base that provides useful
information on
0 Grid infrastructures worldwide
o Open doc ument, data and, recently, educational repositories.
- DART (Data Accessibility, Reproducibility and Trustworthiness) - an integrated
methodology for better accessing, sharing, reusing and manipulating scientific
data.

All these technical developments have been implemented in  a close collaboration with

WP3 6l nteroperation and-lobomdinacitoneed and WP5 06S
groups and emer gi ngAsaoesumtuin i isipessile to use and access
computational infrastructure worldwide providing interoperation from a user

! CHAIN Knowledge Base (KB), available at http://www.chain -project.eu/knowledge  -base /

\_’—'—‘—___’7
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perspective. This fact has resulted , on one hand , in the interoperability demo that has
been presented in several for a; and, on the other hand , inthe previously mentioned
DART challenge, which allows a user to easily find repositories containing data
associated to a specific term (metadata), use it as an input in an application running

on the Science Gateway in order to either reproduce a previous experiment or perform
a new one, obtain and retrieve the final results and, if required so, upload them in a

public repository with Persistent Identifiers assigned (PID).

In addition, the project counted on information about the commonalities, differences,
requirements and future challenges that the identified data communities have in the

regions targeted by the project. As a consequence, CHAIN -REDS creat ed a matrix of
existing supported applications (see D4.3 ?), a specific set of 5  related application use
cases were chosen to be supported by CHAIN -REDS: APHRC (health, Africa), Protein
and drug discovery (medicine, China), GROMACS (molecular dynamics, India), LAGO
(astrophysics, Latin America) and ABINIT (Atomic and molecular physics, the Arab

region).

These use cases are envisaged to demonstrate an example success story per region,
but also to demonstrate how the sometimes not easily visible work on actual e -
Infrastructures and data infrastructures, carried out by the project, comes to life.

To do so, an action plan for the proper use cases exploitation has been designed by

the project. For every of these use cases coming from the regions, several aspects

have been considered:  the scenario prior to the CHAIN -REDS support ; the state of the
art before the CHAIN -REDS int ervention; the actions taken by the Project to address

the requirements of the community; the follow -up activities and, considerations on
the quality metrics and sustainability issues.

After all this process, a synthetic analysis of the lessons learnt has been performed so

future actions could profit from the achieved experience. The final goal is then to

produce tangible results that will make these use cases real ASuccess Httheri eso
regions targeted by CHAIN  -REDS.

Last but not least, additional ac tions have been carried out by WP4 during these last 6
months that are described after the use cases action plan.

2 CHAIN-REDS D4.3, available at http://www.chain -project.eu/deliverables /

\_’—'—‘—___’7
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2 Action Plan

This action plan details the activity performed by the project and those planned in the
months that follow. For each Use Case the original state of the art is described
together with the user communities involved. The following paragraphs also describe

how exactly CHAIN -REDS supported and aims to support them. For each of the use
cases quality metrics and sustainability aspects a re also discussed

2.1 UseCase#1 1 LAGO

The Latin America Giant Observatory ® (LAGO-first known as Large Aperture Gamma

Ray Observatory, http://labdpr.cab.cnea.gov.ar/lago/colab.php) project is a recent
collaboration that counts on Water Cherenkov Detectors in 9 Latin American countries,
more than 80 Latin American researchers and a close collaboration with European

teams such as IN2P3 in France , INFN in Italy , and Universidad de Granada in Spain
LAGO use-case is based on the DART challenge. The consortium maintains a
repository of astrophysics i  nterest that is based on DSpace *. All the analysis and
calibrations are done using an own designed analysis framework written in Python,

C/C++ and root  ° routines. All the analyses are supported by a complex and compl ete
chain of simulations that account for the interaction of the impinging cosmic rays with

th e magnetosphere (magnetocosmics ®), with the atmosphere (CORSIKA "y and with
the detector (Geant4 ®). The LAGO repository has been integrated in the CHAIN -REDS
Knowl edge Base and the Semantic Search Engine. The best strategy for assigning
Permanent Identifiers ° (PIDs) to the current datasets and to the new data produced

by the detectors and by the simulations is currently also being carried out. LAGO wiill

address its data preservation directives following the CHAIN -REDS DART
methodology

2.1.1 User Communities

The LAGO data refers to registered and simulated data of cosmic rays phenomena in

the energy range [~2GeV ,~100TeV ]. The low energy limit depends on the

geomagnetic ¢ oordinates of the site, while the high energy limit is determined by the

collection area at each site and is limited by statistics as the flux becomes lower and

lower at higher energies. These data are of interest for two different scientific

communities:

- Gamma Astronomy Community: The LAGO Water Cherenkov Detectors (WCD)

installed at high altitude sites are sensible to detect the effects of gamma rays

such as those produced during the so -called Gamma Ray Bursts (GRB). A
significant number of LAGO detectors are over 3,000 m above sea level, and
three of them are above 4,300 m above sea level ( a.s.l. ). This community does

% http://lagoproject.org/

* http://lwww.dspace.org/

5 http://root.cern.ch

® http://cosray.unibe.ch/~laurent/magnetocosmics
" https://web.ikp.kit.edu/corsika

8 http://geant4.cern.ch

9 http://geant4.cern.ch /

\_’—'—‘—___’7
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not only restrict its interest to the detector dataset but also to the possibility of
accessing more computational power through the new im plementation of
CORSIKA on grid environments (CORSIKA -GRID). Researchers are looking to
refine their simulations, creating more realistic pictures of the cosmic ray
interaction with the atmosphere.

- Space Weather: In the LAGO energy range there emerge a ple thora of

phenomena related to the physics of low -energy cosmic rays, to solar activity
and to space weather phenomena. Nowadays it is crucial to study these effects

because it may establish levels of radiation in the atmosphere and near -Earth

space environ ment. Thus the data repository (and the network of data
repositories) will be of interest not only for the LAGO and cosmic ray
communities but also for the solar physics and space climatology communities.

The recent incorporation of geomagnetic effects at the simulation level refines
the cosmic ray showers description and raises the influence of the heliosphere

on the cosmic background radiation.

There are two other emerging user communities that are profiting from the LAGO data
repository network. Since t he LAGO data analysis needs to subtract the impact of
atmospheric effects, such as the atmospheric pressure or the air temperature, from

the flux of particles at the detector level, each LAGO WCD is equipped with several
environmental sensors. These measur ements represent an opportunity to provide
environmental information to ecologists that study the high altitude environments to
correlate possible climate change and global warming effects. Additionally, since the

data in the LAGO repositories is open and freely accessible, it is used as motivation to
train the general public I mainly the secondary school teachers and students |
statistical data analysis and related techniques. This important citizen science
initiative is one of the main objectives of th e LAGO collaboration and is implemented
in the so -called LAGO -CS (Citizen Science) program.

2.1.2 The original scenario

Presently, LAGO collaboration has 10 up and running WCD and it is planned to double

them in the next two years, with five more new detectors installed by the end of 2014
and five others in 2015. Typically, each LAGO site generates ~150 GB of data per
month and so the entire collaboration generates ~1.5 TB/month. This experimental

data is preserved locally and shared trough a data repository ba sed on DSpace.

The raw data collected by the LAGO detectors are shared by using the RedClara
academic network ' (where available) and is preserved in a repository installed at
Bucaramanga (Colombia). All the collaborators have access to it via standard secure
shell (SSH) access and a web platform. The repository is based on a modified version
of DSpace, which has b een adapted to curate datasets. These datasets are classified
into three different types: calibration data, WCD data and simulated data, and their
classification are reflected in a very simple tagging of metadata. This metadata is
versioned, allowing the a  utomatic identification of the data type and version, and the
proper adjustment of the offline calibration algorithm and the analysis framework.
Currently, the metadata version v5r0 is being deployed across the operational
detectors.

10 http://vww.redclara.net/ /

\_’—'—‘—___’7
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Lugares LAGO

—

® @ En Operacion
A A Inician en 2014/2015
= ® En estudio

Fig. 1. Lago Sites by status: in operation (green), starting operation on 2014/2015 (yellow)
and under study/consideration (red).

Regarding LAGO computational resources, LAGO uses intensively CORSIKA and
GEANT4 as simulation platforms, ROOT and specific own designed statist ical codes for
data analysis, focusing most of the collaboration activities (research & outreach) on a

data repository.

The LAGO collaboration has CORSIKA and GEANT4 installed at the Universidad de
Santander Supercomputing Centre (Colombia), in the SUMO ¢ luster at Centro Atébmico
Bariloche (Argentina), in one of the IBM clusters of CEDIA (Ecuador), and in some

small and dedicated clusters at several institutions of the Collaboration, such as the

six DELL workstations (Quad Core Intel Xeon E5520, 4 GB RAM/n ode and 2 TB
DD/node) with NVIDIA Quadro NVS 420, which also control a visualization wall of 16

monitors of 24 inches, capable to generate a resolution of 32 MP and used for analysis

and visualization of astronomical and astrophysical data

2.1.3 Actions carr  ied out by the CHAIN -REDS project

All the activities of the LAGO project are managed by the Coordination Committee,

which is formed by an elected representative of each participating country, plus the
elected Principal Investigator (PI) of the project, wh o0 also acts as the manager of the
project. All the management directives and the initiatives of the project are defined

and commissioned by this committee during regular monthly virtual meetings.

All the collaborators belong to at least one of the existi ng three thematic working
groups (WG): Physics and Data Analysis (WG1), Hardware and Operations (WG2) and

Data preservation and simulation infrastructure (WG3). The internal organization and

initiatives of each WG is defined by the WG leader. The three WG leaders together
with the PI form the Scientific Committee of the project, where the scientific and

academic policies and objectives of the project are established. The WG sets bi -weekly
or monthly virtual meetings where the progress of the different tasks and analysis are
shown, and the directives of the project are implemented.

_—

\_’—'—‘—___’7
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In particular, CHAIN -REDS has collaborated with WG3 (which is responsible of the
operation and maintenance of LAGO main data repository ) in the following activities:
- Toinco rporate the LAGO repository to the CHAIN -REDS Knowledge Base. This is
done activating the OAl  -PMH" protocol at the LAGO repository allowing data
search engine to discover LAGO curated data.

- To create and to adapt PIDs to each curated data set in the reposi tory. The idea
is to tag these datasets in a unique and timeless way like the ISBN numbers for
books.

- To operate a fully dedicated Virtual Organization, called lagoproject , and

integrate it in EGI activities (GGUS, accounting system, etc.).

There are two other ongoing activities where CHAIN REDS collaboration is deeply
involved :

- To generate some of the metadata automatically. This can be done with an
implementation of the SWORD (for Simple Web -service Offering Repository
Deposit) protocol, which became a w ay to address the need for a standardised
deposit interface to digital repositories 12,

- In collaboration with WG1 and WG2, to improve the metadata quality. This
enhancement should reflect not only the state of the detector T indicating the
values of the criti cal variables that can condition the measurement i but also
the data authorship or measurement responsible.

WG3 is also responsible for the LAGO simulation computational infrastructure; in this
regard, it has received CHAIN  -REDS support with these directiv es:
- To develop a Grid implementation of CORSIKA -GRID accessible via Science
Gateways environment;
- To develop a cluster implementation of CORSIKA accessible via Science
Gateway;
- To promote the use of Identity Managers and Identity Federations in order to
granted the secure access to computational resources.

To accomplish such goals, bi -weekly meetings are held by the use case team. For

LAGO, it counts on Hernan Asorey (LAGO), Luis Nufiez (CHAIN -REDS Latin American
representative), and Rafael Mayo -Garcia (CHA IN-REDS). PID coordination is being
carried out between Luis Nufiez and Christos Kanellopoulos of GRNET.

2.1.4 Further developments

The CHAIN -REDS is working on

- Finalising the process of integration and fully operation of the lagoproject VO in
EGI; the current status is:
0 ID card available at http://operations - portal.egi.eu/vo/search
0 enrolment page available at
https://voms.ciemat.es:8443/voms/lagoproject.org
0 Administrators mailing list available at lagoproject -support@ciemat.es

o User s06 ma ilaboproject {uses@ciemat.es
0 Tickets system available at https://ggus.eu/

™ http://iwww.openarchives.org/pmh/

12 3. Lewis, P. de Castro, R. Jones. SWORD: Facilitating Deposit Scenarios. D -Lib Magazine, 18(1 -2), Jan 2012 /

\_’—'—‘—___’7
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0 Guide for users (still pending)
- Contact sites for supporting and enabling lagoproject jobs
- Providing LAGO with tools for a resilient execution of jobs on Distributed
Computing Infrastructures. This affects the use of Grid in first instance
- Supporting LAGO in the submission of jobs for adjusting the different mput
options and  scripts

In the previous subsections, it has been stated that new LAGO detectors will soo n
start to operate. This will also help in incorporating new institutions that will make use

of the LAGO measurements. To the date, November 2014, LAGO is composed of 34
institutions.

In the coming months, LAGO will have a wider presence in the astroparti cle

international community. Thus, the impact will be increased and new scientists from
other regions of the world different from Latin America could, and are welcomed by
the project management to join.

2.1.5 Quality Metrics

The following quality metrics are considered:
- Feedbacks from the user communities. The feedbacks will be conducted through
a short note that will condense opinions from the LAGO user community

focused on:
o The improvement of the computational e - Infrastructure, in particular the
gridificatio n of CORSIKA and its adaptation to the Science Gateway
platform ;

o The importance of the implementation of Persistent Identifiers (PID) for
LAGO data setsin  repository ;
0 The importance of incorporating authorship to the curated data sets by
using combi nations of PID for data and ORCID for authors.
- Feedback from two other external communities such a Solar Astrophysics and
Space Weather. Again, these two feedbacks could illustrate the impact of the

improvements on LAGO e -infrastructure implemented with the support of
CHAIN -REDS.

- Computational resources: CPU hours on CORSIKA -GRID implementation

- Increase of Data Curated and tagged with the PID and ORCID authorship codes.

- Dissemination actions have also been carried
LAGO will be created with a specific web page under a dedicated Tag on the
projectbés web site. A leaflet wildl describe
as well; it will be  distributed in the regions to the stakeholders, made available
on the web for download and publicised on the social networks. The brochure
will also be distributed at the final event in Brussels

- Dissemination: One conference proceeding and one peer -reviewe d paper will be
produced describing and promoting the work to the wider scientific community

14
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2.1.6 Sustainability of the use case beyond the CHAIN -REDS lifetime

Since the very low operational costs of the detectors can be easily covered by local

institutions and new instrumentation developments i after been tested at one of the
sites - are replicated to others also funded by national sources. In fact, this strate ay
to obtain funds from local sources (institutions/National Agencies) has been revelled

as a successful model to survive in a region lacking of multilateral S&T institutions.

By now, LAGO is expected to grow and produce new and more amount of data, and i t
has started to contact international funding organisation to complement and boost

local funding sources.

2.2 UseCase# 21 APHRC

The African Population and Health Research Centre (APHRC) undertakes research in a

wide range of topics related to societal hea Ith and well -being. The APHRC runs around
60 projects, publishes around 60 papers, and trains more than 150 fellows per year.

To do so, it counts on 18 donors and 51 partners. The importance of the APHRC's work

is contained both in the policy and research documents that it produces, as well as in
the raw data sets that are collected through meticulous data collection. These data

sets are the bedrock of the APHRC's status of leading institute in the area of

population dynamics and social science in the regio n. The curation, discoverability,
dissemination and proper citation of these datasets is important both in academic
terms to the researchers involved in collecting them, as well as return -on-investment

terms to the institute donors.

This CHAIN -REDS use ca se supports data management including assignment of

Persistent IDentifiers (PIDs) to the APHRC datasets. APHRC and CHAIN -REDS have
first identified which repositories must be catered for and then defined a roadmap for

making data labelling: the PIDs are be ing assigned to an entire data set at the top -
level. The software being used to document the data is Nesstar ( www.nesstarcom ).

2.2.1 Usercom m unities

The APHRC comprises and serves several user communities in the Sub -Saharan
region. Countries included are Kenya, Senegal and Uganda. These communities
comprise user communities in the traditional sense I those researchers who analyse
and use the data to co nduct research and produce reports i as well as public
authorities and non -governmental organisations which use the statistics and data to

make informed policy  decisions .

2.2.2 The original scenario

This use case was fAdiscoveredo iqum toef afipltilsyc odvuerrianbe
African Sc hospoasorednby thé Carnegie Foundation in May 2014. At this

13 http://openuct.uct.ac.za/events/workshop -discoverability -african -scholarship -online /
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workshop, where representatives of the CHAIN -REDS project made a presentation 14

regarding the infrastructure available in Africa to support Open, Collaborative Science,

the work of the APHRC was outlined. Subsequent meetings teased out the technical
details and the technology ecosystem that the APHRC operates in, particularly the
met adata schema used and the repository management software that has been

adopted.
It was immediately clear that the APHRC was a mature, well -funded, well -organised
institute, with a mission to serve communities of academic and public -sector

communities. Ind eed donor mandates stipulate in most cases that the data collected
through projects run by the APHRC, as well as the results published through analysis
of these surveys should be made available openly to the public.

2.2.3 Actions carried out by the CHAIN -REDS p roject

Actions undertaken so far by the project include consultation, research and
implementation activities. Consultation with the APHRC was initially done and has
been continued at each step to ensure proper understanding of the operational and
technol ogical environment, and has continued as the mutual understanding of the role
and scope of the collaboration has improved. Research was undertaken by the project
into the data ecosystem of APHRC. Amongst other issues, different topics were
tackled, such as which metadata schema, repository software, and existing means for
persistence, if any, are being used. During this phase, detailed investigation into the
interoperability of the DDI Alliance, products (in particular the NESSTAR microdata
catalogue) and t he OAI -PMH protocol was done. While it has come to light that the
DDI Alliance has a federation protocol, the details are not clear and will be
investigated in due course (see below).

Finally, the project partners have used the CHAIN -REDS access to the EP IC PID issuer,
to issue PIDs to the APHRC data sets. This was done by creating a Python script which

interacts with the EPIC REST APl ™. The code first scans the APHRC catalogue at
runtime and issues PIDs to data sets to which the PIDs have not yet been iss ued. The
code has been published ' and handed over to APHRC, along with the credentials
necessary to execute it, so that future data sets can be associated with PIDs.

The assignment of PIDs to the data sets constitutes a milestone both for the APHRC as

well as for the CHAIN -REDS project, since this now provides the ability to the APHRC

to track the impact of its work, via data citation networks. Without access to the

CHAIN -REDS PID mint, the APHRC would not have had this capability. While this is

indeed a s uccess, it could have been arrived at by other means, independently of

CHAIN -REDS, albeit with less autonomy and more cost on the part of the APHRC T for
example by handing the datasets to third -party repositories which support
authoritative PID issuing. T he approach proposed by the collaboration between
CHAIN -REDS and the APHRC provided a more acceptable means though, since it was

done in full co -development with the APHRC, taking into account the needs of the

institute and the user communities, as well as taking cognisance of the non -trivial

4 https://prezi.com/89bkbbre5vk1/out -of-turbulence -discoverability -of-african -scholarshp/

15 http://epic.grnet.gr/guides/api/

16 Bruce Becker. (2014). Demonstrator Release. ZENODO. http://dx.doi.org/10.5281/zenodo.11613 /
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aspects of data accessibility, discoverability and curation implicit in this work. To
demonstrate added value in the current collaboration, several follow -on actions are
envisioned.

2.2.4 Further developments

Since the end of the periodic review, several meetings have taken place between the
project partners and APHRC, with the goal of determining aspects of future
collaboration. Several tasks have been defined subsequently.

First of all, regarding APHRC data sets themselve s, the naming schema of PIDs will
soon change to reflect an internal consistency check with the APHRC's data repository;

this task requires changes to the internal data set metadata, which can only be done

by the repository maintainer in Nairobi. Once this has been done, new PIDs will be
issued.

In order to maintain consistency in citation, the new PIDs need to be included in the

object metadata, which is a task to be carried out by APHRC repository managers with

the help of CHAIN -REDS project. This will al  low researchers who discover the data to
continue to cite the data using its unique PID and thus ensure that the impact metrics

are more accurately calculated.

This can be considered a good pilot study for the wider use of PID services in the
region; in or der to promote this aspect, a contribution has been accepted to the e -
Research Africa conference in Cape Town (November 2014), where the full evolution

of the work will be presented. Using the APHRC's network of experts and community
influence, we aim to f ind more data repositories in the future, and, through
consultation, analysis and implementation, provide them with similar assistance in
enabling data discovery and persistence. The final goal would be to have APHRC fully
capable of leading this task in t heir field, taking full ownership of the procedure and
using the PIDs to cite their data.

Due to the fact that a DDI Alliance repository federation already exists, a further

tentative task has been considered: the harvesting of metadata and automatic

inclusion in the CHAIN -REDS Knowledge Base. Currently the APHRC repository has

been included fiby handod in the Knowledge Base, b L
there is a harvester protocol, but the schema and other internals are not yet known to

the CHA IN-REDS collaboration, this task carries a medium risk, but high benefit: if

harvesting of metadata can be done for NESSTAR repositories based on DDI, this

immediately opens a vast new sector (the social sciences and household statistics) for

CHAIN -REDS data infrastructure support. As a minimum the technology landscape will

be analysed and a comparison provided, with suggested potential solutions.

Very importantly, thanks to the work with CHAIN -REDS, the APHRC has been in
communication with the World Bank NADA team to make the changes necessary to
the microdata catalogue portal so as to include the reference to the persistent
identifier of the data set in the metadata. We consider this a very significant
achievement, since the software is used in a very wid e network of research institutes,
most notably the World Bank 7.

See http://www.ihsn.org/home/content/about/members for a full list /
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2.2.5 Quality Metrics

The following metrics are proposed:

- PID coverage of data sets , CHIAN -REDS aims to issue all data sets in the
APHRC catalogue a PID. 24 data sets are due to be included onc e
documentation has been done.

- Ownership: the APHRC should take full ownership of the credentials and code
required to issue PIDs. This will be demonstrated by allowing APHRC to change
the credentials and execute the application from Nairobi. We will reque st a
letter of satisfaction from APHRC stating that the handover is complete.

- Community Feedback: The APHRC will present the case for the adoption of
persistent identifiers in their annual report.

- Dissemination: One conference proceeding and one peer -revie wed paper will be
produced describing and promoting the work to the wider scientific community.

- Integration and Impact: Under the guidance and leadership of APHRC, at least
one of have its contents issued with PIDs. This will be decided by the end of the
calendar year. The NADA catalogue metadata will include PIDs.

- Dissemination actions have also been carried
this Use Case will be created with a specific web page under a dedicated Tag on
the projectbds web B descebe thd relévant dspeets andvthe
benefits as well; it will be distributed in the regions to the stakeholders, made
available on the web for download and publicised on the social networks. The
brochure will also be distributed at the final event in Brussels.

- Feedbacks from the communities assessing the importance of e -Infrastructure
for their activities are on the way too; mainly, those coming from one
stakeholder in the community to be interviewed (this declaration would be
added to those thatcan b e read in the previous subsection).

- A presentation about APHRC Use Case will be made during the final CHAIN -
REDS conference in Brussels by a representative from the community.
Dedicated indexed publications referring to the achievements obtained by the
too Is and services provided by CHAIN -REDS will be published.

2.2.6 Sustainability beyond the CHAIN -REDS project lifetime

The results of collaboration between the APHRC and CHAIN -REDS show good signs of
surviving the end of the project. The activities which have b een undertaken are
specific and targeted to a mature and well -funded research institute. The APHRC, as
has been mentioned, has a leading role in the region and in the research domain, and

has the potential to act as a reference point for other interested ¢ ommunities. In order
to ensure that the work done has impact beyond the lifetime of the project, the

APHRC therefore needs to take full ownership T both physical and intellectual T of the
products of the collaboration. To this end, a joint publication is u nder way, and the

code and credentials have been released to APHRC.

Discussions are under way, awaiting the December annual review of APHRC, to
evaluate the extent of adoption of the service.

A further proposed course of action to ensure sustainability of the usage of the PID
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service by APHRC is to create a hew PID service, hosted by the South African National
Research Network (SANREN), on behalf of the Africa -Arabia Regional Operations
Centre, which could host the APHRC prefix, as well as possibly further prefixes for
African data repositories. The APHRC PIDs would in this scenario be issued by AAROC,

with a secondary handle service at GRNET provided as a failover mechanism, so as to

ensure ava ilability of the handles.

2.3 UseCase# 31 TreeThreader

Knowing the protein structures is essential for a complete understanding of life
processes at the molecular level. Threading is the leading method for protein structure
prediction, and it is exceedingl y time -consuming. The TreeThreader code uses a new
practical threading program, which can take pairwise interaction into consideration.
TreeThreader can run on a Linux platform and on a volunteer computing e -
Infrastructure using the CAS@home BOINC client a nd consuming around 6 million of
CPU hours a year. The code is already available to the desktop computing community,

and is now made available on a full -blown e -Infrastructure: virtual machines launched
from physical servers belonging to the China ROC and managed with OpenStack. They
have consumed around 15,000 CPU hours in July 2014. For making the use of the new

pool of computing resources (BOINC and cloud) easy to use for the scientist, all
TreeThreader jobs can be submitted both within China and Europe.

2.3.1 User Communities

Currently, biologists from two Chinese research institutes (Qingdao Institute of
Bioenergy and Bioprocess Technology Shenzhen Institute of Advanced Technology)

are using this application for protein structure prediction. They are the be neficiaries of
the computing infrastructure back -ended by the mixture of a local cluster, volunteer
computing and cloud computing resources provided by the CHAIN -REDS project.

With the results obtained from this computing infrastructure, recently, Prof. Kang
Ning, from Qingdao Institute of Biomass Energy and Bioprocess Technology, with Prof.

Dongbo Bu, from Institute of Computing Technology, made a progress in predicting

the protein abundance. Firstly, the expression level of mMRNA and protein abundances

are bi -clustered and then the protein abundances are predicted within each cluster

using statistical models, in which structural information is considered (see for example

Dr. Ningd6s preprint ar Xiv:1408.4950, 2014).

Understanding proteins' structures and interactions is very important for
understanding their mechanisms and hence essential for a complete understanding of

life processes at the molecular level. Currently, over seven million protein cases

achieve the accuracy of medium -resolution NMR or sequen ces are deposited in the
UniProtKB/TrEMBL database but only 50,000 of them have experimentally solved
structures. The high demand of the community for protein structures has placed
computer -based protein structure prediction, the only means to alleviate th e problem,
at an unprecedentedly crucial position.

_—
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2.3.2 The original scenario

TreeThreader is a new practical threading program developed by scientists from ICT -
CAS (Institute of Computing Technology, Chinese Academy of Sciences).

In order to predict the st ructure of a sequence, the sequence has to be compared with

all existing protein templates (around 50K), and each comparison is independent, so

the computing task is highly in parallel. The computing of protein prediction is very

CPU intensive. With each ¢ omparison, it processes 1MB data in 40 seconds, and
produces a few kB output data. The process is exceedingly time -consuming because
the query sequence should be aligned to all templates in the database. one sequence

needs about 42 GFLOPS computing power, so the overall 80K sequences require about
336 TFLOPS computing power, which is equivalent to 168K hours on an average single

core.

At this moment, several research groups in China have the needs of predicting around

80K new protein sequences. In order to boost the process of computing, several kinds
of computing infrastructure such as local cluster and volunteer computing are being

used or considered, but the existing computing resources are far from being enough

and sustainable compared to the amount of computing it requires. This application has
already been ported and running on local Linux clusters and volunteer computing
platforms, and finished computing about 50K sequences already, so it has been
proven that software itself is stable and can be porte d and run smoothly on platforms
as Linux and Windows. With the CHAIN -REDS project, the availability of
intercontinental Grid and Cloud Computing provides an added value for enabling the
protein structure prediction simulations at the large scale.

2.3.3 Actions carried out by the CHAIN -REDS project
Up to November 2014, these are the actions made by CHAIN -REDS to support the
TreeThreader exploitation:

- Support for porting the code to the different e -Infrastructure;

- Implementation of specific monitoring tools for the CHAIN -REDS case available

at http://casathome.ihep.ac.cn/casstats/monitor.html and
http://casathome.ihep.ac.cn/casstats/monitor_cloud.html X

- Deploying a site in IHEP -Beijing with dedicated cloud nodes managed by
OpenStack. This site provides dedicated computing resources for TreeThreader
application;

- Creating a generic vi rtual machine image that includes the TreeThreader
application and the environments supporting its running. This image can be
deployed on any other cloud computing infrastructure of the European sites as
well as to provide computing power to the TreeThread er application. This has
been already done in the Catania (ltaly) and in Okeanos (Greece) sites ;

- Setting up the CHINA ROC site, monitoring grid computing services of IHEP grid
site;

- There is a monthly participation of the TreeThreader representative wit h the
other coordinators of the teams, the Technical Manager, and the related WP
managers;

\_’—'—‘—___’7

20


http://casathome.ihep.ac.cn/casstats/monitor.html
http://casathome.ihep.ac.cn/casstats/monitor_cloud.html

CHAIN -REDS Project - Deliverable D4.4 Page 21

- Bi-weekly meetings are held by the use case team. For TreeThreader, it counts
on Wenijing Wu (IHEP), Gang Chen (CHAIN -REDS Chinese representative), and
Rafael Mayo -Garcia (CHAIN -REDS).

According to this, TreeThreader application and community has profited from the
CHAIN -REDS action in the following aspects:

- The computing infrastructure for TreeThreader is extended, the majority of its
computing resources were non -ded icated volunteer computing nodes, hence the
computing tasks have high throughput but also high latencies. With the addition
of CHAIN -REDS cloud computing resources, TreeThreader has more dedicated
resources and some of its tasks improved considerably in it s latency.

- Ever since the cloud computing nodes being deployed for the TreeThreader
application in early June 2014, around 50k jobs which accounts to 38k CPU
hours have been completed on the e -Infrastructure. And from these 50K jobs,
over 1,400 new prote in sequences have their structure predicted.

o Out of the previous figures, 12K jobs have been executed in Europe

- A wider community can be approached, and via the CHAIN -REDS dissemination

channels , new researchers who make use of TreeThreader are expected to join.

2.3.4 Further developments

This collaboration has also developed a portal which allows worldwide biologist
submitting sequences to an intermediate server which would pre -process the
sequences and then submit the computing tasks to its backend platforms such as local
cluster, volunteer computing ( http://casathome.ihep.ac.cn ). A plugin is needed for
Grid Computing on this intermediate machine, this portal can be used by Grid
Computing. Figure 2 below shows the us er portal. This public portal will potentially
attract a lot of biologists who have sequences that need to be predicted. Theoretically,

biologists from all over the world can be beneficiary of this application; we expect at

least around 10 users from 2 -3 research institutions to use this service. As this
service gain more publicity, it will attract more users from the biology user
community.

In this sense, the following initiatives have been identified: Elixir ( http://www.elixir -

europe.org/ ), PredictProtein ( https://www.predictprotein.org ) and ExXPASy
(http://expasy.org/ ).
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TreeThreader Project
Bioinformatics Laboratory of ICT, CAS

Open-source TreeThreader available with better performance and new functionality! Download here

Show results . . (Help)
TreeThreader - Homology detection & structure prediction by TreeCRF model

Input

LI w
Select Paste protein sequence or
all Deselect all multiple alignment

Clear sel. Jobs

Delete sel. Jobs
S

fﬁ:::ﬁg Search with pancreatitis induced protein PIP49. Paste example sequence.
done or upload a local file BB | SRR
I error

Select input format FASTA
Job-ID (leave empty for automatic creation)

Email Address

Reset form| |Submit job

Please send feedback to: soeding AT Imb.uni-muenchen.de

TreeThreader belongs to a joint server developed by ICT and Digital Biology Laboratory st MU .

Fig. 2. TreeThreader user portal

Regarding the further enabling of cloud computing resources, the project is working
on setting up a OCCI/CDMI interface on local Chinese cloud nodes, so these can
become part of the CHAIN  -REDS cloud test -bed, with the support from the Chinese
team, GRNET and INFN.

2.3.5 Quality Met rics

Feedbacks from the user community are being collected. The biologists from two
Chinese research institutes (Qingdao Institute of Bioenergy and Bioprocess
Technology Shenzhen Institute of Advanced Technology) are the main users and
beneficiaries of th is e-Infrastructure. By utilizing the computing resources from the
mixed backend of local cluster, volunteer computing and grid computing, they have

60K protein sequences calculated, and structure predicted. With all these results, they

have made significa nt progress in their research: Prof. Kang Ning, from Qingdao
Institute of Biomass Energy and Bioprocess Technology, with Prof. Dongbo Bu, from

Institute of Computing Technology, made progress in predicting the protein
abundance. Firstly, the expression le vel of mMRNA and protein abundances are bi -
clustered and then the protein abundances are predicted within each cluster using
statistical models, in which structural information is considered. On top of the
scientific progress, users return with very positiv e feedbacks on the e  -Infrastructures.
The following represent some of the feedback from the user community, which have

been collected from direct interviews with them.

iThe service is stable, and has very high availab
located at different geological locations, so they are not subject to the incidents of one

_—
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particular computer centre. o

nWe gained both great throughput dnfratructuewlt | at enc
processes around 3,000 sequences every week which makes sure we have enough
results to analyse during the weeko

Regarding the CPU hours abstained from CHAIN -REDS, it is worth mentioning that
since the cloud computing nodes being deployed for the TreeThreader application in

early June 2014, around 50K jobs whi ch accounts to 38K CPU hours have been
completed on the e -Infrastructure. From these 50K jobs, over 1,400 new protein
sequences have their structure predicted. Out of China, the production ha s been
roughly of 30% of the total.

The BOINC CHAIN -REDS user, w ho corresponds to the cloud site aforementioned, is
the third one in the ranking list of recent average credits (September 2014).

Related to the BOINC platform, it counts on around 6 million hours per year. Since
June 2014, more than 1,000 new users and 2 ,000 hosts are participating and
providing resources to the experiment.

TreeThreader counts on BOINC users from Africa, India, and Latin America in addition
to those in China and Europe.

Di ssemination actions have al so been reld#edrta e d ou
TreeThreader will be created with a specific web page under a dedicated Tag on the

projectdés web site. A leaflet wildl describe the
it will be distributed in the regions to the stakeholders, made availa ble on the web for

download and publicised on the social networks. The brochure will also be distributed

at the final event in Brussels.

Feedbacks from the communities assessing the importance of e -Infrastructure for
their activities are on the way too; m ainly, those coming from one stakeholder in the
community to be interviewed (this declaration would be added to those that can be

read in the previous subsection).

A presentation about TreeThreader will be made during the final CHAIN -REDS
conference in Brussels by a representative from the TreeThreader community.
Dedicated indexed publications referring to the TreeThreader studies achieved by the

tools and services provided by CHAIN -REDS will be pub lished.

2.3.6 Sustainability of TreeThreader beyond the CHAIN -REDS lifetime

Several advances have been carried out to the moment by the direct support of
CHAIN -REDS. Thanks to them, TreeThreader is in a good shape for enhancing its
scientific impact. Thus, mig ht new worldwide researchers profit from the tool will
assure its scientific sustainability; to that, the current work carried out by researchers

at the Chinese Academy of Sciences should be added.
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The BOINC client will keep on running, so volunteer compu tational resources will be
available. With regard to the future cloud integrated nodes, being integrated in the

China -ROC assures its continuity; those European sites installing the TreeThreader
image will keep it running as well.

24 UseCase# 41 GROMACS

Researchers are trying to observe molecular activity of various bio -molecules using
Molecular dynamics simulation approach. GROMACS software package is used for
molecular dynamics simulation. These kinds of studies present huge computational

demand. That is the reason why the GROMACS version to be used in this use -case
success story is v4.6.5: due to its full -blown MPI capabilities. 14 European, Arab and
Indian Grid sites have already been enabled with GROMACS version with 2 flavours:

both an installation pa ckage and a Science Gateway portlet. In addition, new services

related to eTokenServer, GridEngine and wiki pages have been created as well.

2.4.1 User Communities

User community includes universities, academic institutes and R&D laboratories from
India who wo rks closely with molecular modelling studies .

As a part of promoting CHAIN -REDS, we have conducted GARUDA Technical talk at
Indian Institute of Science Education and Research (IISER) Pune on May 16th, 2014
which was about CHAIN -REDS and demonstration o f Science Gateway.

40 Indian GROMACS users and GARUDA GROMACS users have been already
identified. E -mail communication has been initiated in order to disseminate CHAIN -
REDS and promote Science Gateway for GROMACS job submission.

2.4.2 The original scenario

Prior to CHAIN -REDS, GROMACS community made use of WeNMR and GARUDA Grid
resources for their research and job execution.

The initiation and identification of GROMACS as one of the use case by CHAIN -REDS,
would help Indian GROMACS community for easy job submission on Science Gateway

with faster turnaround time. In addition, the project identified the current GROMACS

necessities jointly with the final user community and realised that the identified

biomedic al problems would need higher computational power. That is why CHAIN -

REDS has ported to the Grid the GROMACS v4.6.5 due to its full -blown MPI
capabilities.
2.4.3 Actions carried out by the CHAIN -REDS project
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The actions carried out by the project to support th is application are described below:

- The GROMACS (v4.6.5) threaded version has been successfully installed, via
Software Manager, on the distributed computing resources of the European
(13), the Mediterranean (2), the Latin American (1) and the Indian (2)
infrastructures ;

- A JSR 286 portlet has been developed and installed in the CHAIN -REDS Science
Gateway that is based on the Catania Science Gateway Framework (CSGF).
Thanks to this activity, researchers can now access the Science Gateways and,
in case of successful authentication and author ization, use the heterogeneous
infrastructures to study molecular activity of various bio -molecules. The portlets
configured to retrieve the trr file produced during the simulations and to
increase the MaxWallClockTime per simulation;

- The gLibrary framewo rk and in particular the gLibrary Data Management APIs
have been used to deal with the creation of big output files produced during

each simulation and store results on a EMI -3 DPM Storage Element. This
framework allows to create, access and manage digital assets on Grid
infrastructures;

- The 16 ™ of May 2014, the CHAIN -REDS project and the GARUDA team
organized a focused event for usersdé support
Education and Research (IISER), Pune, India;

- Delivered a talk on "Cloud succes s stories in India" on June 27th, 2014;

- To maintain updated the integration of the GROMACS application on the CHAIN -
REDS infrastructure and review the action plan, bi -weekly and monthly
meetings have been organized with the Technical Manager, related WP
managers and the coordinators of the GROMACS use case. For GROMACS, it
counts on Subrata Chattopadhyay (CHAIN -REDS Indian representative), Pavan
Kumar, Divya M.G. and Janaki C. H. (CDAC), Roberto Barbera (Technical
Manager of the CHAIN -REDS project) and Gius eppe La Rocca (CHAIN -REDS).

- In this first implementation, thanks to the JSR -complaint portlet developed in
the context of the CHAIN -REDS project, the multi  -threathed version of the
GROMACS application can be executed on the production infrastructures of th e
EUMEDGrid - Support and SEEGRId projects.

Thanks to these activities the supporting community can now count on more

dedicated computing resources to observe molecular activity using molecular

dynamics simulation approach.

From the technical point of vie w, the development of the JSR286 portlet, as well as

the configuration and the heterogeneous infrastr:
community requirements.

Last but not least, the traditional CHAIN -REDS dissemination channels and the prompt
support of the Indian partners will help us to approach a wider community of users.

2.4.4 Further developments

We are expecting few more Indian GROMACS users from e -mail communication which

_—
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was done and that will include potential users from Indian Institute of Technology -
Guwabhati and Anna University - Chennai.

A new version of the JSR -complaint portlet is under development to access the
GARUDA infrastructure and enhance the available computing capaci ties for the
computation.

A one day workshop of CHAIN -REDS has been organised, along with NKN Annual
Workshop at IIT Guwahati, India on Dec 17, 2014 for knowledge dissemination to

Indian GROMACS user community and also to promote the use of CHAIN -REDS
Science Gateway for GROMACS and other applications. Garuda operation team is
planning to conduct regular technical talks in India and provide support to the local

community job submission to the Science Gateway.

The CHAIN -REDS project, in collaboration with CDAC partners, is actively collaborating
to support the developing of a JSAGA adaptor to access the GARUDA resources and
make them available through the Science Gateway.

Digital certificates with SHA256 with RSA signature are not compatible with the
GLOBUS 4.0.7 version installed on the GARUDA server (xn03.ctsf.cdacb.in). To tackle
this issue we are planning to upload on the eToken Server a digital certificate with

SHAL signature released by the Indian CA and use RFC3820 proxies generated by this
certifi cate to access the GARUDA resources.

Related to the scientific problems to be tackled, one of those will be to probe the
Allosteric Inhibition of PTP1B by Chlorogenic and Cichoric Acid. PTP1B is a negative
regulator of the insulin and leptin signalling pa thway and also a potential target for
therapeutic intervention against diabetes and obesity. The estimated resources
required to run parallel GROMACS are of 40 processors each with WallClock time of

200 hours. Also some users would like to study Molecular Dynamics of CNT Wrapped
by Assembly of Cyclic peptides for which estimated resources are 40 processors with
WallClock time of 120 hours.

2.4.5 Quality Metrics

In what follows, the quality metrics for GROMACS are itemized:

- Community Feedback: feedbacks from the communities assessing the
heterogeneous e -Infrastructure for their activities are on the way. The feedback
will be conducted with stakeholder, scientific community, GROMACS users from
Indian and International community to publicise and announce the
achiev ements to the whole GROMACS International community. Through
GARUDA Boot Camps more GROMACS related inputs will be collected;

- Dissemination: a AUse Case Storyo related to
created with a specific web page under a dedicated ta g on the projecto
site. To better describe the target community, the relevant aspects and the
achievements, a dedicated leaflet will be created and distributed in the regions
to the stakeholders. The leaflet will be publicised on the traditional socia
networks and available on the project web site for download. Another important
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metric will be the preparation of a brochure that will be distributed at the final
event in Brussels. Finally, a presentation about the application and its activities
will be made, by a representative from the scientific community, during the
final CHAIN -REDS conference in Brussels;

- Computational Resources: improve the computing resources available to
observe molecular activity using molecular dynamics simulation approach in

terms of CPUs hours and computing capacities . More resources will be added at
GARUDA according to communities need.
- Dissemination: One conference proceeding and one peer -reviewed paper will be
produced describing and promoting the work to the wider scient ific community
2.4.6 Sustainability of the use case beyond the CHAIN -REDS lifetime

This activity will be taken up with GROMACS Indian users from universities and
research labs. As a part of our Garuda grid dissemination activities through various
boot camps, conferences, interviews and feedbacks GROMACS user community is
growing and that  will ascertain a sizable user base.

Moreover, the National Supercomputing Mission (NSM) of India has been already
announced and may get approved by the present government soon. This project has a

long term plan of building many HPC resources across the country and that will be
connected by Garuda grid and cloud solutions. This will result in long term sustainable

solution for the local GROMACS community.

25 UseCase# 51 ABINIT

Due the significant development of the ab -initio calculations especially the Density
Functional Theory (DFT) in the fields of quantum chemistry and the physics of
materials, the calculations in those areas become vital. Therefore introducing powerful

code such as ABINIT within the Grid computing environment facilitates this task for

the researchers. To implement this, a team of ABINIT users (mainly from the Arab
region) attended the CHAIN  -REDS Science Gateway porting school held in Catania in
June 2014 and ported to the Grid both sequential and MPI ABINIT versions. These
versions have been installed in 6 European and Arab sites and the required portlet for

job submission has been implemented; this activity will be extended to Latin America

in the near future

2.5.1 User Communities

Currently, physicists from about six universities in Algeria are using ABINIT code for

their calculations in different topics related to studies of materials. At Laghouat

University, a group of 3 researchers has done their calculations on DZ e -Science
GRID. Their works carried out by Brahim Lagoun are related to the calculations of the
structural, electronic and optical properties, the piezoelectric, elastic, optoelectric and

nonlinear optic coefficients of non -centrosymmetric materials . In the case of Ahmed
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\_’—'—‘—___’7

27



CHAIN -REDS Project - Deliverable D4.4 Page #28

Guedouh, he is working on the intermetallic materials and their stability. He calculated

their structural, electronic, magnetic and elastic properties. Tahar Daham, instead,

studies the non -centrosymmetric semiconductors and he focus es on their structural,
electronic and linear optical properties. Recently, Brahim Lagoun has participated to
the porting of ABINIT on the Science Gateway during the CHAIN -REDS school held in
Catania.

Another group of seven researchers from Msila Universi ty have been trained to use
Grid Infrastructures through the Science Gateway during the Workshop done by DZ e -
Science GRID from the 8 ™-10"™ of November 2014. Among the works being done by

these researchers, Salima Saib team performed density functional t heory studies of
the structural, elastic, piezoelectric and dynamical properties, mainly of Ill -VandlIl -1V
compounds and alloys in different possible structures. The compositional dependence

of such properties of interest over the whole composition range was analysed and

discussed using an ab -initio pseudo -potential approach under the virtual crystal
approximation within the local density approximation. In general, the findings agree

well with the available data in the literature and others are reported fo r the first time

and may serve as a reference for future studies. Bahri Deghfel 6s recent
concerned the structural, electronic, optical and thermodynamic properties of ternary

compounds (BaxSrl_xTe) in the rock -salt structure within density fun ctional theory

(DFT) by investigation of the effect of compaosition factor (x). As a perspective, he

intends to study the multi -ferric materials because of their importance in the

advanced technology especially in the storage devices. All underway and next works

will be improved with the use of Grid infrastructure, in Algeria and in the other regions
addressed by CHAIN -REDS.

2.5.2 The original scenario

This use case has been suggested after a survey done by DZ e -Science GRID team
who identified a potential commu nity with need for using resources for calculation.

ABINIT is well documented and easy to use , making it a suitable package for Algerian
simulators. Especially, condensed matter theorists, use it to investigate the physical
properties of matter and give insights to experimentalists to produce a given material
with an appropriate physical behaviour.

In addition to computing the electronic ground state of materials, ABINIT computes

the responses functions including: Phonons, Dielectric response, Response t 0 strain
and elastic properties, Raman cross sections, and electro -optic response. ABINIT can
also compute excited state properties via time -dependent density functional theory

and many -body perturbation theory, using the GW approximation and Bethe i Salpete r
equation. Some physicists used ABINIT on personal computer and had problems with

the execution process due to memory overflow and CPU time.

The first step was to deploy ABINIT on GRID resources and some Algerian physicists

from Laghouat University used these GRID facilities and obtained some results for
their works. The  walltime of their jobs was between 5 and 10 hours.

_—
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With CHAIN -REDS project, the action was to deploy ABINIT portlet on Science
Gateway. This achievement will facilitate access to GRID resources and will bring more
users through the project Science Gateway. Itis expect ed to have about 2 ,000 jobs
during next quarter.

2.5.3 Actions carried out by the CHAIN -REDS project

The actions carried out by the project to support this app lication are described below:

- The ABINIT package (v7.6.4) with OpenMPI (v1.8.1) support, along with some
additional libraries (ATLAS, PATCH, FFTW) and GCC compiled (v4.4.7) has been
successfully compiled, installed and tested on the distributed computing
resources. The application is now available for SL6 Linux distribution;

- A JSR286 -compliant portlet has been developed. Thanks to this activity
researchers can now access the ChAIN -REDS and the ARN Science Gateways
and, in case of successful authentication and authorization, use the
heterogeneous infrastructures to find the total energy, charge density and
electronic structure of systems made of electrons and nuclei using the Density
Functional Theory (DFT). From the Science Gateway researchers can run both
sequential and MPIl -based versions of ABINIT successfully installed on Arab (1),
European (7) and Latin American (1) sites. This outcome has been achieved
during the CHAIN-REDS School for Application Porting to Science Gateways
organized in Catania (Italy) on 09-20 June 2014;

- The ABINIT portlet has been integrated both in the CHAIN -REDS and inthe ARN
Science Gateway ;

- A workshop /school on how using DZ e -Science GRID infrastructure for
Physicists at Mési |l a Uni v-esiladz/unyfr/><hag een: / /| www.
held by ARN fromthe 8 ™ tothe 1 1™ of November 2014. During this event 23
researchers have been trained on how to run AB INIT (9 people) , Octave, R and
other FORTRAN code using the ARN Science Gateway.

o Similar training activities are being organized in other universities

- ABINIT SG is being used since Nov 18 ' 2014; both releases, sequential and
parallel, are being used.

o Even when it includes data management capabilities, further work must
be carried out

2.5.4 Further developments

The CHAIN -REDS project will continue to support the deployment of the ABINIT code
on DClIs to allow researchers from Quantum Chemistry and Physics of mat erials to
access bigger pool of resources.

A dedicated workshop only for ABINIT users will be organized by ARN for researchers
of other Universities in Algeria during December 2014.

Moreover, one of the key users of ABINIT in Algeria has been invited to give a
presentation at the forthcoming e -AGE 2014 conference organised by ASREN in
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Muscat (Oman).

In order to accomplish the n eed of use of s torage resources via the SG, further
devel opments are on the way.

Integration of the ABINIT application to be run on Cloud resources is being carried out
as well. Firs tests have been executed.

2.5.5 Quality Metrics

In what follows, the quality metrics for ABINIT are itemized:
- Community Feedback: fee dbacks from the researchers of the University of

Mésil a accessing t he computing resources f o
collected. These feedback and comments will be used to drive the improvement
of the available service and, thus, better target the comm unity needs in the

Arab region. In this first service release, the Science Gateway implementation
provided to the VRC the fastest way to access the Grid infrastructure, start
ABINIT simulations hiding the complexity of the traditional ABINIT CLI and get
easy-to-understand results directly on userés wor k
- Dissemination actions have also been carried
ABINIT will be created with a specific web page under a dedicated Tag on the
projectodos web site. A leaflet wildl describe t
as well; it will be distributed in the regions to the stakeholders, made available
on the web for downl oad and publicised on the social networks. The brochure
will also be distributed at the final event in Brussels ;
- A workshop/school on how using DZ e -Science GRID infrastructure for
Physicists at M6 s i | a rsity nhiasy lseen organized from the 8 th tothe 10 th of
November 2014. During this event researchers have been trained on how to run
ABINIT, Octave, R and other Fortran code using the ARN Science Gateway;
- Another dedicated workshop only for ABINIT users wil | be organized for
researchers of other Universities in December 2014;
- 4 scientific papers will be published where ABINIT organization and the CHAIN -
REDS project will be explicitly acknowledged ;
- Computational Resources: increase the computing resources ava ilable to
support the ab -initio calculations in the fields of quantum chemistry and the
physics of materials.

2.5.6 Sustainability of the use case beyond the CHAIN -REDS lifetime

Both the Laghouat Uni v e Ursversity hawe ralccady demt Lelbdssof | a
Intent to continue using ABINIT through the Science Gateway and promote it within
Algeria and outside. A session on ABINIT has been organised as part of the program

of e -AGE 2014 Conference that will take place on t he 10 "-11™ of December 2014 in
Muscat (Oman).
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3 Lessons learned and good practices

The Use Cases described have been selected among a preliminary list of candidate

applications (see D4.3 2 for further details) . The regional partners have been involved

in the scouting activity to propose applications and tools that were considered relevant

in terms of the size of the community or in terms of societal or scientif ic importance.

The selection process took place in projectds six

The selected 5 Use Cases are diverse in terms of technical requirements and
communities addressed. The common denominator is the opportunity offered by the

CHAIN -REDS to overcome geographical limitations and adopt e -Infrastructures tools
and best practices supported by the project. In the following paragraphs, however,

the attempt to show commonalities and differences will be made.

According to the previous experience there is no unique method to approach research
communities, listen to their requirements and raise their interest in the existing e -
Infrastructures tools and resources. The large groups and organisations have normally

developed their own systems and are always relucta nt to migrate their applications to

new platforms.

The case of APHRC, however, shows that it is possible to capture the interest of these

large organisations by providing the right tools and solutions to potential requirements

that were even not explicit ly expressed. This, of course, requires quite a long process

of analysis of the way the organisation works and which are the relevant processes
currently put in place. For example, a traditional analysis of requirements could not be
successful if the real  processes are hidden behind a high level description. In other
words it i s not enough to ask to the users which are their needs, but often it is
necessary to understand how they work and extract the information about gaps, week

points or inefficient procedures in order to propose improvements to their scenario.
Sustainability in this case counts on a transfer of knowledge and tools that can be
maintained and supported once they have been recognised as useful by the research
community.

The LAGO comm unity poses a different challenge being distributed on a wide
continental area, with limited resources and several different objectives. The CHAIN -
REDS DART model here plays a specific role improving the methodology of reuse of

data and documents and facil itating the involvement of large communities of
researchers, teachers and students. The scientific method is applied in simple
workflows that allow all the users to recognise the various steps of the research

process: from the data taking, to the analysis of the data and to the publication of the
results of the analysis, with a cycle that can be re -done changing the configuration of
the data set or applying new criteria to the analysis. This is of utmost importance as
many times CORSIKA code is run under a parameter sweep scheme. LAGO is thus a
paradigm of how very interesting research activities can be used to teach new
generations on the workflow of the scientific method.

The other three Use Cases (ABINIT, GROMACS and TreeThreader) are more
Aitradi tapplicaters @lthough there were specificities in the deployment process
that were taken into account (e.g. the need of MPI to use a parallelised version). The
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communities behind these applications are made of researchers in specific scientific
domains tha t are more sensitive to having access to large computing resources and
have very limited interest in changing their approach to the workflow, unless this

proves to increase t he efficiency of their s i
participation to the CH  AIN-REDS Use Case is indeed a good opportunity to share their
experience wi t h their coll eagues and highlight
scientific probl em. These userbkocohstiesetae chhenad
small groups or, frequently, s ingle researchers.

To address properly all these types of users and support these various use -cases

different combination of CHAIN -REDS supported developments have been used. The

Science Gateway is proving to be very effective in providing simple but yet
fundamental tools supporting access to heterogeneous computing infrastructures
including support to Federated Identity and Web Access to applications configured as
portlets. DART methodology provides a full workflow for the data lifecycle, while
assignment of PIDs provides data identification for various datasets, of various
granularities. ROCs support the e -Infrastructures used in an interoperable manner.

The use of standards and established technologies (OCCI, SAGA, JSR286, SAML,
Identity Federations, PIDs) provides a solid ground for sustainable long -term
operations and evolution of the tools and applications.
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4 Updated Information of Transcontinental Data
Infrastructure and Data Repositories

It is well -known that current huge quantities of observatio nal data and simulations
that are becoming available to researchers , engineers and even general public at an
ever -accelerating rate are transforming science and society. The impact on the
Scientific Method is  even bigger as it has to be customized to prope rly manage these
volumes of data.

CHAIN -REDS have been working on providing an easy way for final users to use,
curate, and manage data that are lately used for exploiting elfrastructures

4.1 WP4 objectives

For the sake of completeness, in this subsection the most important information about

WP4 main original objectives and the actions taken to achieve them until M 24 are
summarised. The five objectives identified in the DoW by the beginning of the project

and their current status are summarised in Table 1.

After the first periodic review , held in January 2014 in Madrid, a task force was
promoted by the project for increasing the numbe
reformulated to be  five, coming from the regions. These use cases are envisaged as

real ap plications that are used by the regional communities producing concrete results

and impact. The first results of these use cases were presented at the second review
held in Brussels in September 2014 and the current action plan for making these use

cases r eal success stories has been described in section 2.

Objective | Current status (as that of May 2014)
Extend the CHAIN -REDS KB with The CHAIN -REDS KB already counts with a huge amount of
Data Infrastructures links to OADR s, DRs and OAERs that link to more than thirty

millions of datasets . New data -related capabilities have been
also added to the Semantic Search, Applications and Science
Gateway links

Support the study of data Once that CHAIN-REDS signed several official MoUs with VR Cs,
infrastructures for a few VRCs now is closely working with the communities supporting the

regional application related use cases
Promote trust building towards open WP4 jointly with WP3 has set  -up aroad -map to demon strate
scientific data infrastructures across such a trust building, which includes (data) infrastructure
the world regions worldwide.
Study the opportunities of data The project keeps looking for datasets already stored
sharing across differente - worldwide jointly with the ident ified VRCs and the regional use
Infrastructures and continents cases representatives , which enhance the impact of the

aforementioned demo.

Provide proof -of principle use cases Once thata proof -of-principle demo  was successfully

for Data sharing across the presented, the selected regional use cases are entering in the
continents exploitation phase

Table |. CHAIN -REDS original objectives and their current status

The strategy for presenting 5 use cases coming from the regions was based on the
main pillar: to provide success stories that will demonstrate the importance of e -
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Infrastructure s in the regions addressed by the project . According to this goal, success
stories may refer to applications as well as to services deployed and actually used in
the regions addressed by the project.

4.2 Status of the collaboration between CHAIN -REDS and the
previously identified communities

CHAIN -REDS has been working for 18 months with a set of communities that provided
very useful feedback to the project about how to manage and curate data. In the
period that goes from M18 to 24, some of them have already finished with their

activity and further direct collaboration is not possible. Anyway, CHAIN -REDS keep s
the contact with the major actor in those communities to keep advising them about
the project developments

In what follows, summarised information about the status of the collaborative

communities is itemized (it must be considered that main action of CHAIN -REDS have
been focused on the use cases action pla n described in Section 2):
- EUDAT is moving to its second phase, so the CHAIN -REDS advances will be
presented to them as soon as EUDAT -2 will start.

- EIFL keeps providing information about their repositories in order to integrate
them in the KB

- DIRISA is bei ng supported by CHAIN -REDS in setting up the DOI mint at
SAEON.

- agINFRA, EarthServer and the DCH -RP projects were over recently; the CHAIN -
REDS advances keeps being advertise d to their partners as part of the general
dissemination plan.

-  ENGAGE datasets are available at its site and, then, correctly linked to the
CHAIN - REDS KB.

4.3 WP4 Dissemination actions

During the first  two years of the project , several dissemination actions were carried

out. One of them has been the implementation of a WP4 wi ki page ' where
information about the use of the Science Gateway, the Parallel Semantic Search

Engine, and the PID service are displayed. It is also worth mentioning the
presentations (see Table Il, which has been updated from D4. 3) about the WP4
developmen ts at international Conferences and outreach activities, which have been

specific dissemination actions beyond the ones already show n by the consortium as a
whole. To those, other dissemination activities carried out as part of CHAIN -REDS

events must be added.

Location ‘ Type of contribution

Presentation dl
e-AGE 2012 Dec 2012 Dubai (UAE) Infrastructures in CHAIN
REDSO

8 http://www.chain  -project.eu/wiki  -wp4 /

\_’—'—‘—___’7

34



CHAIN -REDS Project - Deliverable D4.4

Page 85

SCALAC 2013

Feb 2013

Location

Bucaramanga (Colombia)

Type of contribution

Presentation

o

ISGC 2013

Mar 2013

Taipei (Taiwan)

Presentation
Infrastructures in CHAIN
REDSO

=1

ISGC 2013

Mar 2013

Taipei (Taiwan)

Presentation
the CHAIN Knowledge
Base to Open Access
Linked Dat a

u

S

EGI CF 2013

Apr 2013

Manchester (UK)

Presentation
Data Infrastructures in
CHAIN-REDS 0

IST - Africa 2013

May 2013

Nairobi (Kenya)

Presentation
Knowledge Base of Open
Access Document
Repositories

(OADRs) and How African
Libraries can Contribute to
ito

EGI TF 2013

Sep 2013

Madrid (Spain)

Presentation
VRCs outside of Europe

services by the CHAIN -
REDS project

0

i

eResearch Africa 2013

Oct 2013

Cape Town (South Africa)

Presentation
Infrastructures fore -
Science (the CHAIN

perspective)

0

i

-REDS

UbuntuNet Connect 2013

Nov 2013

Kigali (Rwanda)

Presentation
Research Communities:
Knowl edge an

d

= 1

RedCLARA Virtual day

Nov 2013

Latin America

Presentation
Research Communities:

Knowl edge an

d

e-AGE 2013

Dec 2013

Tunis (Tunisia)

Presentation
REDS Perspective about
Data Access and Metadata

Management 0O

EGI CF 2014

May 2014

Helsinki (Finland)

iData A
Reproducibility and

De mo

Trustworthin

c

e

tn

EGI CF 2014

May 2014

Helsinki (Finland)

Presentation
REDS solution for data
wor kfl ows o
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Location Type of contribution
Presentation 0/
) REDS solution for
TICAL 2014 May 2014 Cancun (Mexico) . .
accessing computational
serviceso
L . Present at i oREDS (
Biredial -ISTEC 2014 Oct 2014 Porto Alegre (Bra zil) _
DART chall enge(¢(
Pr esent ddinlyon
. exploiting data and
UbuntuNet Connect 2014 Nov 2014 Lusaka (Zambia ) o .
distributed computing
elnfrastructure 0
CHAIN -REDS DART
Supercomputing challenge presented as
Nov 2014 New Orleans (USA) .
Conference 2014 part of Al NFN (
Repositoryo
e-AGE 201 4 Dec 201 4 Muscat (Oman) Presentation accepted
IST - Africa 201 5 May 201 5 Lilongwe (Malawi) Presentation submitted
Table | |.WP4 dissemination and outreach activities in non -CHAIN -REDS events.

In addition, some papers have been published through this first semester of the
second year of the project. They are listed in Table 111

Title | Reference
Proceedings of the UbuntuNet Connect 2013 Conference,
13-27 (ISSN 2223 -7062) , available at

The CHAIN -REDS Semantic Search Engine
http://www.ubuntunet.net/ubuntunet -

connect_2013_proceedings

A CHAIN -REDS solution for accessing Proceedings of the TICAL 2014 Conference, available at
computational services http://tical_2011.redclara.net/doc/ACTAS_TICAL2011.pdf
Proceedings of the  Biredial -ISTEC 2014 Conference. DOI:
10.13140/2.1.3532.8961

CHAIN -REDS DART challenge

Semantic -web Empowered Large Scale . .
Handbook of Research on Intelligent Big Data and
Knowledge Base of Open Access Data ) ) )
. Semantic -Based Analysis and Governance , submitted
Infrastructures fore  -Science

Jointly exploiting data and distributed Proceeding s of the UbuntuNet Connect 2013 Conference,

computing elnfrastructure in press

Table | Il . Papers accepted for publication through the first year of CHAIN -REDS.

It must also be mentioned the promotion of CHAIN -REDS in the Research Data
Alliance * via RDA -Europe. Thus, several fact -sheets that were of interest to the RDA
audience were made available.

9 RDA, https://rd  -alliance.org/ /
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4.4 CHAIN -REDS d evelopments o n Data Infrastructures and
User Communi  ties

A detailed explanation of the developments carried out by the project in orde rto
provide intercontinental data trust building has been outlined in previous deliverables
D4.2 and D4.3 2. Thus, an update will be done in this report.

With regard to the use of standards, the following ones have kept being promoted

- OAI-PMH® for metadata retrieval

- Dublin Core *'as metadata schema

- SPARQL?? for semantic web search

- XML? as potential standard for the interchange of data

- Persistent Identifier (P ID) as a long -lasting reference to a digital object,
being it either a single file or set of files (the reader should note that PID are
not considered as a standard yet, but their use and adoption is one of the
key topics in the data field)

It is worth me ntioning that special emphasis has been put on the exploitation of PID
services, as it can be seen in LAGO and APHRC use cases, for example.

Also, being CHAIN-REDS a support er of the interoperation of Grids between Europe

and other regions of the world through the support for Regional Operations Centres in

terms of functional ity, requirements and structure, a close collaboration has been also

maintained with WP3 &6l nteroperation and coor di.nDirdcti on of
results can be seen in the conf iguration of the use cases TreeThreader, GROMACS and

ABINIT packages in sites settled worldwide

These installations and exploitation of commuting resources include both Grid and
cloud nodes (see TreeThreader use case, for example), which is an additional
achievement from previous D4.3 report.

In order to accomplish a full research cycle, easy access to the different applications

and infrastructures by means of Identity Federations has been promoted . WP5
@upport to small groups and emerging communities Ois supporting WP4 by  working on

this topic and new Federations are being accredited as well as eduroam services are

being implemented worldwide.

Also, the so called filong tail of users 0 has been supported ; a good example is the
CMSquares application available at the project Science Gateway.

20 http://www.openarchives.org/pmh/
2L http://dublincore.org/
2 http:/iwww.w3.0rg/2001/sw/wiki/SPARQL

2 http://www.w3.0rg/XML/ /
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4.5 CHAIN -REDS tools

The CHAIN -REDS tools are deeply explained in D4.3 2. As requested by the reviewers,
further developments on the Semantic Search Engine were stopped and DART
workflow achieved technological maturity.

With respect to the CHAIN-REDS Knowledge Bas e, it has been improved by adding
Open Access Educational Repositories . The KB already was  one of the largest existing
e-Infrastructure -related digital information systems , but now its impact will be higher
with this new kind of repositories included.

Information  keeps being presented to visitors through geograp hic maps and tables  for
infrastructures and repositories . In the Acountry viewo, users cC:
in the map and, for each country where a marker is displayed, get the information

related to its e -Infrastructure, sites, services, and applicatio ns. In addition, the

CHAIN -REDS KB publishes information (country, name, domain, organization) about

Open Access Document Repositories , Data Repositories , and Open Access Educational

Repositories in both geo - and table -view.

5

b=

€« C A | [0 www.chain-project.eu/knowledge-base?p_p_id=ChainMap_WAR_ChainMap&p_p_lifecycle=0&p_p_state=normal&p_p_mode=vie\

=% Aplicaciones [~ Importados
=
Knowledge Base

Countries DClMap  DCI Table — OADRTable DRMap DRTable OERMap OER Table

Red markers refer to data currently taken from the almost 2,500 Open Access Document Repositories (OADRs) of DRIVER, OpenAIRE, and OpenDOAR and
currently refer to more than 30 million documents. Yellow markers refer to other OADRSs, e.g. those of LA Referencia in Latin America, added thanks to the work
done by CHAIN-REDS. Click on a marker to get more information on the corresponding OADR
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Figure 1. A snapshot of the CHAIN -REDS Knowledge Base . OADR, DR and OAER can be searched right now.

To the date (Nov 2014), 29 entries appear in the OAERs view, but the number is
being increased on a weekly basis .
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5 Conclusions

This deliverable provide s two distinct sets of information.

First, t his document provides an updated view on the state of the art of the five Use
Cases selected by the CHAIN -REDS project. It describes in detail the background

where these Use Cases came from, and the actions that were performed by the

project in order to support them. Specific paragraphs were dedicated to the on -going

and future activities, discussing also sustainability aspects. Quality metrics are

proposed for each Use Case in order to evaluate ex -post the level of s uccess obtained.
Considerations about the lessons learnt and the best practices applied are also

expressed and, finally, |l etter of suppoaddeddsr om i
Annex . As it emerges from the document, this CHAIN -REDS use -case support a ctivity

is producing tangible results and many indicatio
available.

Second, the progress of work as defined in the DoW is given, describing the CHA I N-

REDS international collaborations in Data Infrastructures and the proj ect data-

oriented services.

39



CHAIN -REDS Project - Deliverable D4.4

Page #0

Annex; Letter of Intents

LAGO

Universidad
Industrial de
Santander

Prof. Federico Ruggieri

CHAIN-REDS Project Director

INFN Roma, Via della Vasca Navale, 84
00146 Rome, ltaly

Bucaramanga, November 20" 2014

Dear Prof Ruggieri

Through this letter The Latin America Giant Observatory (LAGO") would like to
express our gratitude and commitment to the CHAIN REDS project for its support
and cooperation initiatives for our research community.

LAGO project is a recent collaboration that counts on Water Cherenkov Detectors in
9 Latin American countries, more than 80 Latin American researchers and a close
collaboration with European teams such as IN2P3 in France and INFN in ltaly.

Our consortium maintains an Open data repository based on DSpace and uses the
CORSIKA code to simulate cosmic ray cascades. Thanks to CHAIN REDS project
our repository has been integrated into the worldwide CHAIN-REDS Knowledge
Base, its Semantic Search Engine and PIDs assigned to current datasets. Now, our
researchers use CORSIKA improved to run on distributed computer platform to
address 3 different phenomena thanks to the CHAIN-REDS DART initiative.
Additionally, CHAIN REDS is supporting LAGO creating a dedicated Virtual
Organization that will be integrated in EGI and providing us with advanced
computational tools for a resilient execution of jobs on Distributed Computing
Infrastructures, including: local clusters, grid and cloud environment in a second
step.

Our community considers all these effort as a fundamental instrument to advance in
our scientific research and we are willing strongly to collaborate with the CHAIN-
REDS project to further extend to other groups the use of these tools and widely
disseminate the scientific results obtained citing explicitly the relevant contribution
provided by the project that you are coordinating.

We look forward to continue our collaboration in the future and we are open to
discussions and further improvements of all these research environments.

If you are in need of any further information please do not hesitate to contact us.
Truly yours

Spoke Person
LAGO Collaboration

1 http://lagoproject.org
Escuela de Fisica - Facultad de Ciencias, Universidad Industrial de Santander
Cr27 Calle 9 Bucaramanga 680002 COLOMBIA
Telf +57 7 6344000 Ext. 2286 Fax +57 7 6323477
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