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1. Final publishable summary report
1.1. Executive summary
The LinkSCEEM-2 project aimed at the establishment of a High Performance Computing (HPC)
eco-system in the Eastern Mediterranean region by interlinking and coordinating regional compute,
resources to form an integrated e-Infrastructure. The overarching objective of LinkSCEEM-2 was to
enable scientific research in the region by engaging and supporting research communities with an
initial emphasis in the fields of climate research, digital cultural heritage and synchrotron radiation
applications. To achieve its mission, LinkSCEEM-2 adopted a three-fold approach structured as
follows:
 Optimally integrate computational resources contributed by HPC centres in the Eastern
Mediterranean region, while in parallel establishing links with leading HPC centres, and thus
develop and share best practices for managing these resources.
 Create user support and training programs, in parallel to an active networking process, that
engages and integrates research communities and enable scientists in the region to utilize
HPC for addressing complex scientific and engineering problems, thereby diminishing the
digital divide.
 Develop a subset of HPC applications of particular relevance to the region, namely climate
science, cultural heritage and synchrotron radiation applications, and provide the links to
leading groups in these fields to enable research of the highest standing. Thanks to the
participation of world leading HPC Centres and research teams, core expertise of the highest
level is brought to the region both in terms of the service provided and the spectrum of
research that is enabled.
LinkSCEEM-2 successfully developed an operational model for an integrated HPC e-Infrastructure
that included two supercomputers in Egypt and Cyprus. The consortium subsequently administered
this e-Infrastructure and issued seven access calls for regional computational scientists. A peer
review process of international standard was implemented, which ensured the fair and transparent
allocation of resources to users based on scientific excellence. A total of 87 large scale computational
projects were accommodated on the computers resulting in 76 scientific publications from 53
completed projects and more than 80 presentations in conferences and scientific meetings.
The access to the supercomputers was complemented by an intensive regional training program that
provided training to over 1500 scientists in more than 60 training events. An innovative training
portal was developed that will provide high quality training material to existing and new users well
beyond the project duration. The project also created a regional systems administrators network and
organised technical training provided by experts from internationally leading supercomputing centers
in Europe and the US. A dedicated tiered user support system, integrated across computing centers,
provided dedicated assistance to all users.
Beyond the provision of computing resources and training to computational scientists, LinkSCEEM2 also developed data management systems for regional use and provided performance analysis tools
and expertise for application support.
The project conducted research in three thematic areas of high regional relevance. The consortium
contributed to developments by porting and accelerating HPC applications in the fields of Climate
Modelling and Synchrotron Data Analysis. Furthermore, an advanced imaging facility for Cultural
Heritage applications was installed and operated by the project. This facility will be maintained
beyond the end of the project.
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1.2. Project context and objectives
Computation-based science and technology play a vital role in a broad range of research,
engineering, education and commercial endeavours. As noted by the Partnership for Advanced
Computing in Europe (PRACE): “[s]upercomputers are indispensable tools for solving the most
challenging and complex scientific and technological problems through simulations.” The estimated
world capacity as reported by the November 2014 TOP500 list is about 310 Pflop/s as compared to
the June 2009 TOP500 list, just before the start of the project that was about 34 Pflop/s. Like in June
2009, also currently still only two countries in the Eastern Mediterranean area have computers that
appear in this list, namely Israel2 and Saudi Arabia with a combined 1.2% i.e double the 0.6% of
June 2009 of the total capacity. Since simulation has come to be regarded as the third pillar of
science together with theory and experiment, one may take simulation as another measure of how
advanced scientific research is, and unfortunately according to this measure the region is still rated
well below Europe, the US and East Asia. In 2009 it was identified that the lack of resources is only
one element that hinders the development of user communities. Others, and perhaps even more
serious ones, are the lack of expertise and the limited integration of the scientific communities, so
that the build-up of HPC infrastructure must be paralleled by the development of adequately trained
human resources, both from technical and scientific perspective. Therefore, it was rightly judged that
training and integration of the scientific communities is essential to the growth of the computational
resources, and be supported by networking activities, and complemented by a general raising of the
awareness of the importance of HPC and computational science.
The present project was the implementation phase of LinkSCEEM, a coordination and support action
that preceded LinkSCEEM-2. The project adopted a three-fold approach in order to:
a) Optimally integrate resources by linking established lead HPC centers, developing and sharing
best practices for managing these resources; the contribution of the Julich Supercomputing Centre
(FZJ-JSC) and of the National Center of Supercomputing Applications (NCSA), both world
leading HPC institutions, ensured both the embedding of the regional HPC facilities into the
European HPC eco-system and the development of an international dimension;
b)Create user support and training programs, in parallel to an active networking process, that
engages and integrates research communities and enable scientists in the region to utilize HPC for
addressing complex scientific and engineering problems, thus diminishing the digital divide; and
c) Develop a subset of the HPC relevant research topics identified by the HPC in Europe Task Force
(HET), namely climate science, cultural heritage and synchrotron applications, that are of
particular relevance to region, and provide the links to leading groups in these fields enabling
research of the highest calibre. Thanks to the participation of world lead HPC Centers and
research teams, core expertise of the highest level was brought to the region both in terms of the
service provided and the spectrum of research that was enabled.
Regional climate change simulations as well as the digitisation and 3-dimensional visualization of
cultural heritage are example areas where this project integrated state-of-the-art expertise and where
new computer architectures provide a significant advantage of high societal and economic value to
the region. SESAME, the first synchrotron light source facility in the Middle East is developing a
very broad user community throughout the region. It will not only bring to the region the benefits of
synchrotron light applications in many scientific fields, but also contribute a culture of scientific
cooperation that could have enormous impact on the regional science and technology landscape. The
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SESAME council has decided to use the computational resources of CaSToRC to process the data
produced by the SESAME beamlines, and the present project made a crucial contribution to that
objective through the provision of resources, user support and training.
Two regional HPC facilities have contributed resources and services in this project. The Cyprus
Institute (CyI) has launched a Computation-based Science and Technology Research Center
(CaSToRC) being developed in partnership with the National Center for Supercomputing
Applications of the University of Illinois. CaSToRC includes Cy-Tera, a high-performance
computing facility of 35 Teraflops peak performance, with an associated research and educational
programme devoted to computational science.
The Bibliotheca Alexandrina (BA) installed a SUN cluster of peak performance of 11.8 Tflop/s, and
also maintains archival system. BA has storage systems of 3.7 Pb of which 1.6 Pb were previously
unused. The BA is engaged in joint activities and partnerships in visualization projects with
Universities in Egypt, the region and internationally.
All HPC facilities and research institutions of the consortium were previously engaged in users
support, training and research activities but LinkSCEEM-2 provided an integrated approach for the
region bringing additional resources, expertise and technical know-how, that enlarged and networked
the user communities in the region. It promoted further collaboration among the partners, integrated
access to computational and storage resources and optimized their usage.
LinkSCEEM-2 focused on research communities in three fields that a) are relevant to the region and
at the same time are of global importance, and b) in which significant activity already existed in the
region (notably at some of the partner institutions), which guaranteed that the proposed activities
would have maximum impact:
Climate Modelling: There are now robust predictions, notably from the Intergovernmental Panel on
Climate Change (IPCC) showing that the increase in temperature due to global warming will be
particularly severe in the Eastern Mediterranean region, resulting in the worsening of water scarcity.
One of the key issues concerns more accurate climate change predictions, relying on higher
resolution models that take into account the chemistry of the atmosphere. There is a well-established
group at the Cyprus Institute, working in close collaboration with the Max Planck Institute of
Chemistry (MPIC) in Mainz, and with links to research groups in Israel, Egypt, Greece and Turkey.
This has constituted a very favourable basis, engaging a broad regional user community that highly
benefited from the resources at CaSToRC and BA, and the expertise provided by the consortium
partners, notably MPIC.
Digital Cultural Heritage: The preservation and showcasing of cultural heritage in digital format
constitutes one of the priorities of the EU. The Eastern Mediterranean region possesses a rich cultural
heritage. The history and culture of the area is among the oldest in the world. The first signs of
civilization in Cyprus traced in archaeological excavations and research date back 9,000 years to the
7th millennium BC. This rich cultural landscape involves hundreds of archaeological sites scattered
throughout the region, representing various historical periods in the evolution of the region. The EU's
digital libraries initiative sets out to make all Europe’s cultural heritage resources accessible to all,
and preserve them for future generations. It is important for the region to develop a similar project
creating a digital library that will function as a single, user-friendly access point for the collections. It
is imperative that digitization of Cultural Heritage efforts in the region are accelerated in a
coordinated manner to match similar activities in the EU countries. This project has contributed to
these efforts by creating an imaging center, an appropriate software and a data repository for cultural
heritage.
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Synchrotron radiation research: Synchrotron radiation facilities like SESAME and ESRF enable
scientific research in a broad variety of fields: atomic and molecular physics, biology, material
science, spectroscopy, archaeology and imaging. They therefore help develop cross-disciplinary
research leading to a large range of potential applications. For example, x-ray imaging can offer
unprecedented resolution for several applications, including medical imaging, security screening and
industrial non-destructive testing. Studies of novel materials can lead to the construction of new
devices such as thin films with controllable electronic properties having potentially large impact on
future applications in sensors and computing. The first measurements from SESAME are expected in
2016. This project contributed expertise and know-how for the future analysis of SESAME data. It
has also demonstrated the successful integration of computational and storage resources that will
remain functional during the operational phase of SESAME.
The infrastructure at CaSToRC and Bibliotheca Alexandrina has provided for most users the first
opportunity to use supercomputers instead of office workstations /PCs or small clusters. The onegroup one-cluster model is the starting point for many applications. However, in order to make use of
capability computing and for optimal usage of the computational resources, access to common
infrastructure and availability of user support for the development and optimization of codes was
indispensable. The project contributed to the integration of compute resources with the data and
visualization resources that are required for applications to have optimal scientific impact. Moreover
this project contributed to the sharing and coordination of methodologies and practices, catalysed by
the presence of Tera-scale systems and by the transfer of high-level expertise and know-how from
internationally reputed institutions. This in turn created greater integration between the resources that
are actually involved in the project and the local clusters operated by research groups in the region,
which favoured the development of a regional HPC eco-system, similar in spirit to that which
PRACE is promoting in Europe, but of a more modest scale.
In summary, the main objectives of this project were to interlink and coordinate regional
computational resources to form an integrated e-Infrastructure, as well as, to provide the associated
training activities and user support, engaging regional communities through networking activities
such as workshops, exchange of visitors, organisation of joint events, and outreach. This contributed
to the creation of an eco-system of HPC from the individual group cluster to the Teraflop scale
machines provided by CaSToRC and Bibliotheca Alexandrina, and promoted the coordination of
practices and methodologies.
The specific objectives of the project were:
Objective 1: Promote the establishment of user communities in Computational Science in the
Eastern Mediterranean
Objective 2: Establish a resource allocation mechanism to coordinate access to the integrated
simulation platform and its usage for research
Objective 3: Provide adequate training programmes
Objective 4: Develop a dissemination and outreach program to publicize the project to the HPC
and computational science communities in Europe and the Eastern Mediterranean region. The
program included the organisation of an international conference, a continuously updated website
and focused outreach programs for computational scientists.
Objective 5: Provide adequate user support
Objective 6: Adapt and develop software to support the optimization of parallel applications,
data management and visualization tools
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a. Provide advanced user support via cross-disciplinary research activities
b. Port data management and scientific workflow codes to the regional computational
resources and, optimize to the regional connectivity bandwidth limitations
c. Implement and deploy visualization software for developing collaborative virtual
spaces
Objective 7: Optimize scalability of existing and develop new climate codes for the
infrastructure provided by the project
Objective 8: Exploit the benefits of visualization in Cultural Heritage research
a. Prototype a small, portable imaging centre at CaSToRC
b. Produce software tools for tele-immersive collaborative environments
Objective 9: Develop an online Cultural Heritage digital library for the Eastern Mediterranean
Objective 10: Port existing common and new algorithms at synchrotrons to GPU's
All objectives above were accomplished by LinkSCEEM-2. The sections that follow will set out the
achievements of the project in more detail.
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1.3.

Description of the main S&T results

1.3.1.The LinkSCEEM e-Infrastructure
Linking computational resources in the Eastern Mediterranean was a central goal of the
LinkSCEEM-2 project. The e-Infrastructure model that was developed in the LinkSCEEM-2 project
provides a legacy for the Eastern Mediterranean (EM) region and a blue print for similar initiatives in
Europe and globally. The particular challenge the consortium faced in creating the LinkSCEEM eInfrastructure was the provision of a homogeneous user experience that could satisfy the greatly
varying computational proficiency of the targeted users. It was, therefore, tremendously important to
combine maximum functionality for experienced users with an uncomplicated environment for new
users. The great success of LinkSCEEM-2 lies in the implementation and operation of such a
supercomputing environment.
The main components that constituted this success are a unified e-Infrastructure, a joint transparent
and fair resource allocation process and a tiered user support program catering to user needs from
basic to advanced support issues.
Unified e-Infrastructure
Two High Performance Computing (HPC) centers participate in LinkSCEEM-2: the Cy-Tera
supercomputer is located at The Cyprus Institute and a Sun Microsystems cluster is hosted at
Bibliotheca Alexandrina in Alexandria, Egypt. The technical specifications of the two participating
systems vary significantly, in particular regarding the GPU component that Cy-Tera brings and the
limited RAM of the BA machine. Efforts were made to provide a uniform user experience on both
systems. The overall objective was the creation of a system independent (as far as technically
possible) user environment to lower the access barrier for new users. This was achieved by the
creation of a HPC compliance matrix. The compliance matrix defined a software stack and policies
that need to be in place on all participating sites. This includes compute and data quota handling, user
account management, user access policies, compiler availability, installation of mathematical
libraries and tools and the provision of a uniform stack of HPC applications. The integrated user
environment that was achieved here formed the backbone of the LinkSCEEM-e-Infrastructure. It
would allow the addition of other supercomputing systems in seamless manner. The participating
HPC systems are shown in Figure 1.

Cy-Tera: IBM Hybrid CPU/GPU cluster at The Cyprus
Institute: 35 TFlop/s*

Bibliotheca Alexandrina: Sun Microsystems cluster 11.8
TFlop/s*

*TFlop/s: measurement of computation power for supercomputers Flop/s stands for Floating point operations per second

Figure 1 Participating HPC systems
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Resource allocation
LinkSCEEM-2 designed its resource allocation mechanisms based on international common practice,
in particular following the model of PRACE3. This was judged as an is important component as
LinkSCEEM-2 also aimed at educating and preparing regional users for accessing larger
international resources. Establishing international practice helped users gaining competitiveness on
the European level. A notably example is a group from the Academy of Athens, which after gaining
access to Cy-Tera successfully obtained PRACE Tier-0 resources, the only group in Greece to
accomplish this.
Access to the systems was given through frequent Calls for Proposals (CfP). Users could apply for
three types of access:
 Production access: large number of computational resources were granted over a 12 month
access period for scientific computing
 Preparatory access: small amount of resources were allocated over a 6 month period for code
development and testing
 Educational access: resources were allocated for educational purpose (e.g. to lecturers and
students of University courses etc.)
The access calls for Preparatory and Educational access were continuously open. Production access
calls were issued twice yearly.
All applications underwent a rigorous and transparent review process, which ensured that the
expensive computational resources were put to good use. Preparatory and Educational access
requests only underwent a brief technical review to ensure that the proposed applications were
suitable for the available systems. These requests were usually processed within a few days.
Production access applications underwent a more elaborate process as the allocated computer time
was significantly larger. The process included a technical review and a scientific assessment by
international experts. It is a significant success of LinkSCEEM-2 to have been consistently able to
identify and motivate international experts to scientifically review proposals submitted by regional
scientists. It is also a notable that the review process was completed in less than 2 months, which is
significantly faster than other international organisations such as PRACE. The review workflow is
illustrated in Figure 2 below.

Figure 2 Workflow of the review process for production access proposals

The review process was monitored by the Resource Allocation Committee (RAC). The RAC
consisted of one representative from each LinkSCEEM-2 project partner and was chaired by Dr.
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Norbert Attig from the Juelich Supercomputing Center. The RAC monitored the entire allocation
process and made the final decision on the allocation based on the recommendation of the external
scientific and internal technical reviewers. The outcome of the scientific and technical review was
communicated to the applicant before an allocation decision was taken. This gave the applicant a
right to reply and ensured transparency in the process. A summary and the allocated resources for
each successful proposal were finally published on the LinkSCEEM-2 website.
Usage statistics
The LinkSCEEM e-Infrastructure issued a total of 7 calls for production access to date. Six of these
calls were allocated already and 4 access periods have closed by the time the project finished. An
overview of the submitted and accepted proposals is given in Table 1 below.
Table 1 Statistics for LinkSCEEM-2 access calls

Call Number
CfP1
Number of Applications
21
Number of applications
13
awarded Production
Access
Number of Applications
7
requesting GPUs
CPU Hours Allocated 3,826,400
GPU Hours Allocated
81,000
Number of Papers
20
Number of
28
Presentations
Number of Students
4
Status of access
closed

CfP2
14
12

CfP3
24
16

CfP4
14
12

CfP5
22
19

CfP6
17
15

5

4

3

5

6

2,830,558
22,500
17
15

4,420,280
93,000
31
23

2,156,799
12,020
8
14

6,253,224
183,194
N/A
N/A

4,818,807
86,574
N/A
N/A

6
closed

6
closed

7
closed

N/A
running

N/A
running

Table 1 shows the continuously high demand for the offered resources. Figure 3 below shows the
geographic distribution of production projects while Figure 4 gives information on the scientific
fields that were using the computers.
Perhaps more important is the usage of the allocated resources. Figure 5 displays the usage of CPU
and GPU hours per call. It can be seen that CPU usage was mostly beyond 80% which is excellent
given that this kind of resource was new to the region. GPU usage is slightly lower, but still high.
The lower GPU usage was mainly caused by projects not being able to use the GPU’s as initially
planned. This was often due to software issues as GPU’s were still not widely integrated in the
applications, particularly during the early years of the project.
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Figure 3 Production access projects by country

Figure 4 Scientific fields on the systems for all preparatory and production projects on both LinkSCEEM-2 systems
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Usage of CPU resources (Cy-Tera at CaSToRC)

Usage of CPU resources (Bibliotheca Alexandrina)

Usage of GPU resources (Cy-Tera only)

Projects resulting from production access calls

Figure 5 Usage of allocated production call resources and distribution of allocation to production and preparatory access
(projects that applied to production access and deemed not technically ready were usually deferred to preparatory access)

One of the success stories of LinkSCEEM-2 has been the availability of a training cluster to the
Eastern Mediterranean region. This cluster, called Euclid, is hosted at The Cyprus Institute and is a
hybrid CPU/GPU Linux cluster composed of 6 eight-core computer nodes with two NVIDIA Tesla
T10 processors attached to each node.
The motivation behind setting up Euclid was the provision of a computational resource for:
 Academic institutions, which do not have the financial means to purchase a computational
cluster (or a hybrid cluster) but require one for teaching purposes.
 Training event purposes, where trainee user accounts could be set up for hands-on training
purposes.
 User meeting purposes, where attendee user accounts could be set up for practical sessions.
 Individual users, who are starting with parallel programming and who require a cluster for
their educational and testing needs.
Further to Euclid, access for the above purposes was also granted on the cluster hosted at Bibliotheca
Alexandrina.
Table 2 provides a summary of all the training accounts created through this type of access since
November 2012 when Euclid was made available.
Table 2 Utilisation of the educational cluster Euclid

Euclid Access Type
Euclid - Roadshow/User Meeting Events
BA - Roadshow/User Meeting Events
Euclid - Training Events
BA - Training Events
Euclid - Academic Institution Lectures
Euclid - Educational Access Individual
Requests

Number of Events/Lectures
13
4
8
2
7
-
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Number of accounts created
298
193
347
103
71
21

Also, the full scope of LinkSCEEM-2 user support was always available to this type of access,
helping users with their education and all potential issues that arose from using the system.
LinkSCEEM is very proud to contribute to the education of the computational scientists of
tomorrow. This is a key activity that will be maintained permanently as many regional universities
cannot provide adequate hardware for educational purposes.
User support
User support was an essential ingredient for building the LinkSCEEM-2 user community. A tiered
user support system was designed to assist users during the proposal preparation, proposal review
and finally as users on the system once accepted. For this, an online ticketing system was established
and connected to a help desk. The JIRA ticket system, which has been selected as the web based
helpdesk ticketing system, was implemented and all issues for all HPC sites are resolved centrally
using this tool. By filling and submitting the forms in the LinkSCEEM-2 website users could ask for
help for different kinds of problems, the user support team could review their issues and resolve them
in a well-controlled framework. The helpdesk facilities also offered in-office, telephone and e-mail
support services. Specifically for telephone support, a VoIP service account was created and voice
service was available by appointment.
The user support system also created a user accounting system. The accounting system tracked the
resource usage and assisted the users to efficiently use their resource allocation. An automated e-mail
system sends monthly usage statistics and issues warnings when resources allocations are not used as
projected, a behaviour pattern which might incur penalties. The accounting system also helped
identify projects that may be facing technical difficulties and enabled the user support team to
proactively engage projects that fall behind schedule. This had proven very effective, in particular
since many users were relatively inexperienced in the usage of HPC systems.
The user support system received request in three main categories:
 Basic: trivial requests that took only a few minutes to resolve such as project and account
creation, access to the systems, permission issues, copying of data etc.
 Intermediate: requests that took more time to be resolved and further investigation was
needed such as to go through the users submission scripts or code and make corrections
 Advanced: requests that required a significant amount of time to be resolved such as
complicated software installation, compiling a code linking it with all the correct libraries or
trying to figure out why a job is not running by submitting it to the queue and investigating
the errors
The support helpdesk was intensively used throughout the project. As of February 2015, a total of
2019 requests were received of which 2005 requests were resolved. Figure 6 shows the monthly
ticket volume over the whole project duration. The trend shows a steady increase of requests as the
user base kept increasing. Interestingly, the nature of requests also changed throughout the life time
of the project. Initially, there were mainly basic and no advanced requests. This balance changed
with advanced request steadily increasing as users became more experienced (see Figure 7). This is a
clear indication of the advancement of the user community.
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Figure 6 Monthly ticket volume for the user support help desk

Figure 7 Development of user support requests per category over the project duration

A major effort was made to provide adequate documentation to the users. Detailed documents were
compiled to form a “Welcome Pack” for new users. The Welcome Pack contains detailed step by
step guide describing account creation, login, technical documentation, information on available
software and how to use it. It also guided users to available training material, which will be described
later in this report.
Summary of key highlights of the LinkSCEEM e-Infrastructure




Developed and operated an integrated e-Infrastructure for High Performance Computing by
linking two regional supercomputers
Established international standards in HPC resource allocation
Allocated HPC resources through 6 Calls for Proposal
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Created and operated an educational HPC resource for regional undergraduate and graduate
education
Provided intensive user support on a daily basis with more than 2000 user support requests
resolved

1.3.2. The LinkSCEEM-2 user community
The networking and training activities were a major part of the LinkSCEEM-2 activities and a key
activity to engage new users and further develop existing users in the Eastern Mediterranean region.
For this, the project implemented an extensive and ambitious training program across the region.
This was complemented by numerous talks at conferences and community meetings. These efforts
finally led to the development of an innovative HPC online training environment, the Training Portal
(described in detail in Section 1.3.3) that will ensure continuous access of regional scientists to
training material and facilities well beyond the LinkSCEEM-2 project.
Training program
LinkSCEEM-2 implemented an ambitious training workshop program. The program consisted of an
annual series of 5 large three-day workshops that were held in alternating locations across the
Eastern Mediterranean. The program included one large cross sectional workshop (usually in winter)
and a General User meeting (usually in the summer) on general HPC related topics such as parallel
programming, performance analysis and HPC applications. This was supplemented with three
workshops in the project thematic areas (Climate modelling, Cultural Heritage and Synchrotron
Radiation). The thematic workshops focused on community specific lectures regarding methods and
applications. In total the project organised 20 workshops as part of this training program. An
overview of the individual events is given in Table 3 below.
LinkSCEEM-2 provided training in 2 major categories:
 Basic user training, which was intended to cover a range of fundamental topics needed by a
wide spectrum of the computational science community. Such topics included parallel
programming models and tools, and introduction to parallel architectures. The hands-on
workshops provided training in both the development and operational phase for typical projects
in topics ranging from discipline-specific strategies to advanced programming techniques
required to exploit available computational resources.
 Advanced user training programs that provided experienced users with education in both
general interest and discipline-specific topics. General interest training included emerging HPC
technologies and tools, programming techniques for GPUs and multi-core programming for
homogeneous and heterogeneous architectures. One thematic workshop per year per field was
organized at SESAME and other regional institutions in Egypt and Cyprus. The programs were
designed to encourage active trainee participation and promote hands-on activities.
The project has adapted to the specific needs of its user communities by considering the fact that the
number of developers of HPC applications of production quality in the region were relatively few,
and the small number that does exist was already greatly experienced. Recognising that the vast
majority of production usage comes from community-developed applications, the project adapted its
training program to reflect this reality and increase impact.
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Table 3 Overview of LinkSCEEM-2 workshops
Type of event
Cross sectional
workshop

General User
meeting

Thematic
workshops

Cultural
Heritage

Synchrotron

Climate

Event

Date

No of
participants

Host country

62

Cyprus

Cyprus Advanced HPC Workshop

January 24-27,
2011
6-8 Feb 2012

24

Cyprus

Third LinkSCEEM Cross-sectional HPC Workshop

11-15 Nov 2012

63

Egypt

PRACE/LinkSCEEM Winter School

10-13 Feb 2014

43

Israel

13-15 July 2011

55

Greece

June 25-27, 2012

44

Cyprus

3rd LinkSCEEM-2 General User Meeting

25-27 June 2013

40

Egypt

4th LinkSCEEM General User meeting

10-13 June 2014

34

Cyprus

9-11 May 2012

30

Cyprus

24-26 Sep 2012

35

Egypt

1.1. 27-30 May
2013

30

Cyprus

3-5 June 2014

17

Cyprus

The 1st SESAME – LinkSCEEM Summer School

17-19 July 2011

24

Jordan

The 2nd SESAME – LinkSCEEM Summer School

11-13 Sep 2012

24

Jordan

The 3th SESAME – LinkSCEEM Summer School

8 – 10 Sep 2013

25

Jordan

The 4th SESAME – LinkSCEEM Summer School

15 – 17 June 2014

30

Jordan

Climate Modeling Thematic Workshop
Second LinkSCEEM Workshop on Climate-Related
Research
Third LinkSCEEM Thematic Workshop for Climate
Research
Fourth LinkSCEEM Workshop on Climate-Related
Research in Collaboration with the International
Centre for Agricultural Research in the Dry Areas
(ICARDA

11-13 Oct 2011

17

Cyprus

9-11 Oct 2012

21

Cyprus

19–21 February
2013

31

Cyprus

1-10 Jul 2014

16

Jordan

Total number of
participants

675

PRACE/LinkSCEEM Winter School

Joint HP-SEE/LinkSceem-2/PRACE Athens
Summer Training
2nd LinkSCEEM General User Meeting

Virtual Heritage School on Digital Cultural
Heritage: 3D documentation, imaging technologies
and knowledge repositories
Second LinkSCEEM Thematic Workshop on
Digital Cultural Heritage
Virtual Heritage School on Digital Cultural
Heritage (3D documentation, knowledge
repositories and creative industries)
Reflectance Transformation Imaging (RTI) &
Cultural Heritage workshop

The training workshops were also used as good opportunity to encourage scientists to apply for
access. Particularly during the early stages of the project course modules on the application process
were incorporated into the training program.
The project awarded fellowships for workshop participation to regional scientists following an
application and selection process. The fellowships were tailored such that all expenses related to
participation in the workshop were covered (travel, basic accommodation, food). Full financial
support was very important as many (especially young) regional scientists have very limited means
for the participation in such workshops. The availability of these fellowships was a crucial element to
keep the training program on track during the height of the “Arab Spring”. Access to Egypt was
restricted for some periods over the duration of LinkSCEEM-2 due to the political turmoil.
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Workshops were relocated to Cyprus or Jordan and users from Egypt were thus enabled to travel to
these events.

3rd General User meeting in Alexandria, Egypt

4th General User Meeting in Nicosia, Cyprus

Trainees during the 2015 HPC Roadshow at University of Athens, Greece
Figure 8 Impressions from selected LinkSCEEM-2 training events

Special emphasis was given to female workshop participation. The Middle Eastern Women in
Engineering Mathematics and Science (MEWEMS) program awarded fellowships specifically to
women in order to encourage participation. These fellowships were made available for the Cross
Sectional workshops and the General User meetings. In one occasion, the program also supported a
female scientist for participation in a non LinkSCEEM-2 event. Hadeer EL-Habashy from Egypt was
funded to participate in the Guest Student Program on Scientific Computing at the Juelich
Supercomputing Centre. Her participation would not have been possible without LinkSCEEM-2
support.

MEWEMS fellows at the SESAME user meeting in
Amman, Jordan

MEWEMS fellow Hadeer EL-Habashy (top right) at
Juelich Supercomputing Center as part of the Guest
Student Program on Scientific Computing

Figure 9 Examples of MEWEMS fellows
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Complementing the intensive multi-day workshop program was a series of relatively brief basic
training sessions cast into the format of an HPC Roadshow. The aim of this event series was the
promotion of the available HPC facilities and the provision of basic training in how to access and use
the supercomputers. In addition, very detailed presentations were given regarding available training
events in general and on-line training material in particular. All participants were offered access to
Euclid, the LinkSCEEM-2 training system and connected during the event, when possible. This was
a very effective way of tempting new users into a supercomputing environment.
The format of the roadshow was designed to maximise impact and outreach while minimising
organisational overhead. All roadshow events followed a predefined program that was also made
available in video and audio. This meant that local trainers could be relatively easily recruited and
many events were organised locally without having to pay for relatively expensive regional travel.
The format of the roadshow proved very successful. More than 800 people participated in 37 single
events in the framework of 3 integrated roadshows.
While the majority of training events focused on the education of users, the project also recognised
the importance of building regional capacity for hosting and operating large clusters. A number of
activities were organised involving initially only the technical staff of the participating systems.
These activities included visits to Juelich Supercomputing Center, a large and well established
supercomputing center, and also specific training on operational tools. As the project progressed, it
became apparent that these activities were of significant interest to many regional system
administrators of small-scale systems often found in local Universities. The technical training
program was therefore expanded for system administrators outside of the consortium. A series of
three workshops, in addition to the user training program, were organised. The workshops were also
used to network and form a regional system administrator’s network. This culminated in a large
workshop together with international trainers from central Europe and the US that was held at
CaSToRC in January 2015.

Figure 10 Participants in the final LinkSCEEM-2 HPC administrators workshop
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Figure 11 Geographic distribution of all LinkSCEEM-2 events (workshops, roadshows)

The LinkSCEEM-2 conference
One major highlight of the LinkSCEEM-2 project was the organisation of the Conference on
Scientific Computing (CSC2013) that took place in Cyprus in December 2013. Leading international
researchers in computational science gathered to present highlights of their scientific work performed
using PRACE and LinkSCEEM-2 computational resources.
CSC 2013 brought together 120 international computational scientists, amongst them the directors of
the largest High Performance Computing (HPC) facilities in Europe and the US. The European
research community, local academics, scientists from the Eastern Mediterranean region and the
United States had the opportunity to exchange ideas, develop synergies and set out a vision for future
development on various aspects of HPC.
Participants had the opportunity to show case recent success in HPC, present and debate new
methods and results covering a diverse range of topics from fundamental sciences to climate change
and medical applications. Scientists from Cyprus and the wider Eastern Mediterranean region used
the opportunity to present local HPC related research activities to the international audience.
The conference was organised jointly with the Partnership for Advanced Computing in Europe
(PRACE). PRACE provided 18 fellowships for young scientists from 12 PRACE member countries
to come while, LinkSCEEM-2 provided funding for 27 fellows from 7 Eastern Mediterranean
countries to present their work at the poster session of the conference. This created a unique
opportunity for young scientists to meet and network.
A round-table discussion focussed on computational and storage needs of scientists across
disciplines, spanning fundamental physics to the life sciences. The panellists included ERC awarded
scientists, the chair of PRACE and the chair of the Scientific Steering committee of PRACE.
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Figure 12 Participants of CSC2013

Networking activities
The Networking Activities of LinkSCEEM-2 were designed to support the integration of HPC
infrastructures in the Eastern Mediterranean, engage, develop and integrate user communities in the
region and link them to European research activities in related fields. For this, the project
implemented a networking program in conjunction with the training activities described above. The
networking program included three types of activity:




Networking/Collaboration with other relevant projects in the region
Participation in conferences to disseminate LinkSCEEM-2 and its objectives
Networking with potential users from industry

A number of regional projects relevant to LinkSCEEM-2 were identified. Memoranda of
Understanding were signed with a number of projects and many activities were organised jointly to
exploit synergies. The most important collaborations are listed below:
PRACE (Partnership for Advanced Computing in Europe): PRACE is providing access to Europe’s
largest supercomputers. Many of the policies implemented in LinkSCEEM-2 followed best practice
established in PRACE. LinkSCEEM-2 organised two General User meetings and the project
conference jointly with PRACE.
HP-SEE: Similar to LinkSCEEM-2, HP-SEE (High-Performance Computing Infrastructure for
South East Europe) linked existing and upcoming HPC facilities in South East Europe in a common
infrastructure. There were strong synergies with LinkSCEEM-2. This resulted in a large joint
workshop and some smaller joint dissemination activities. In a pilot activity, some computational
projects from LinkSCEEM-2 were given access to HP-SEE computers.
DARECLIMED: The purpose of DARECLIMED was the creation of an appropriate environment
for the formation of a regional data infrastructure devoted to paleo-, current- and future climate,
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energy and water related data. LinkSCEEM-2 provided expertise in data management and
participated in a number of workshops and meetings.
ASREN: Arab States Research and Education Network (ASREN) is the association of the Arab
region National Research and Education Networks (NRENs), as well as their strategic partners, that
aims to implement, manage and extend sustainable Pan-Arab e-Infrastructures dedicated for the
Research and Education communities and to boost scientific research and cooperation in member
countries through the provision of world-class e-infrastructures and e-services. LinkSCEEM-2
supported the start of ASREN through support for the 1st E-AGE conference and participation the 2nd
E-Age conference. The e-Age series of conferences has since become a widely accepted platform for
scientists and policy makers for exchange on matters of e-Infrastructures in the wider Arab world.
EUMEDCONNECT: The EUMEDCONNECT series of projects is a pioneering initiative to
establish and operate an IP-based network in the Mediterranean region. Countries in the
Mediterranean region able to benefit from the EUMEDCONNECT project are Algeria, Cyprus,
Egypt, Israel, Jordan, Lebanon, Malta, Morocco, the Palestinian Authority, Syria, Tunisia and
Turkey. LinkSCEEM-2 signed MoU with EUMEDCONNECT2 to collaborate on activities related to
improving the regional connectivity and the dissemination of e-Infrastructures in the wider region.
Networking with private enterprises
LinkSCEEM-2 attempted the establishment of links to non- academic users. A specific task focused
on developing relations with the non-academic scientific communities in the Eastern Mediterranean
countries through the set-up of a dedicated programme designed for private sector enterprises.
Initially, the financial service industry was a prime candidate for this program, but also the tech
industry of Israel.
The project made many efforts in that direction by the organisation of a conference session at the
EAST MEETS WEST conference that was held in Nicosia and the The Future of HPC Computing:
Israeli innovation academia-industry meeting organised in 2014 in Tel Aviv. In parallel, single
enterprises and SMEs were approach directly to probe common ground and potential for
collaboration. In addition, LinkSCEEM-2 followed the example of PRACE and opened its machines
for companies under the condition that the work is made public.
This part of the project had only limited success. The reasons were quite diverse. First, the Arab
spring and the financial crisis in Cyprus have created an economic environment that did not allow
companies to invest into new technology/methodology. Especially the financial service industry in
Cyprus was hit very hard with one major bank being shut down. Consequently, general interest from
industry was low.
However, there are also a number of other factors that have to be considered. Offering free HPC
resources is certainly of interest to companies, but the requirement of publication deterred companies
from taking up this service. Given the rise of cloud computing that enables very cost effective rental
of computing power, academic computing centers should not attempt to engage enterprises in that
way. A better model would be to offer the expertise through technical consultancy or even hosting of
company dedicated hardware. Both models are practiced successfully by large Supercomputing
centers. In addition, specific training programs should be developed in particular for technical staff.
Companies in the Eastern Mediterranean are often held back by the lack of technical staff that could
operate large computational facilities.
Hence, future programs should focus more on educational activities for the private sector.
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Summary of key highlights of the LinkSCEEM-2 user community






Development of an ambitious High Performance Computing training program targeting the
Eastern Mediterranean region
Organisation of 64 training events with over 1500 participants in total
Implementation of a fellowship program for female scientists in the region
Creation of a regional systems administrators network
Organisation of a large international conference with 120 participants

1.3.3. The LinkSCEEM-2 Training Portal
The dynamism and breadth of HPC technologies and application development poses a challenge
when attempting to create comprehensive training content for new or existing user communities.
LinkSCEEM-2 has developed a low-bandwidth training portal with a number of innovative features:
a database of sources of training material (collected from web-pages, documents or captured events),
automated encapsulation of this content within an on-line training platform, and the possibility to
group relevant content together to form training courses for speciﬁc topics. A crucial component of
the platform is that it leverages HTML5 technologies to enable in-browser access to HPC resources,
providing the possibility of performing practical exercises on-line and in real time, directly through a
web-browser. The portal is available under www.supercomputing.cyi.ac.cy and is operational since
early 2014. So far the portal has 401 registered users and has been accessed almost 12,000 times.
This rapid success is mainly due to the intense dissemination through the regional HPC roadshow.
The training portal is already being utilised by a new project involving training of PhD students in
computational science. The HPC-LEAP project (http://www.hpc-leap.eu) is a European Joint
Doctorate program involving 17 partners across Europe, demonstrating the legacy of the
LinkSCEEM projects on the European level.

Portal technology
Given the variety of HPC technologies and scope of HPC application development, effectively
addressing the educational requirements of a developing HPC community is a difficult task. For online services, separating the collection and cataloguing of training content from the presentation of
that content to the end user can allow independent progress in both areas.
Indeed many web content management systems implement this approach, using a logical storage
facility (content repository) for content, metadata, and other information assets that might be needed
by the system. The innovation of the portal developed here stems from the combination of web based
training content and the integrated access to a true HPC resource.
Joomla was used as the content management system of the website, primarily controlling the design,
presentation, formatting and user-authentication features. A number of additional plug-ins were used
or created to build the desired functionality of the frontend.
While initially Joomla was also used as a content management system, the rapid development of
MEDICI (see section on data management later in this report) enabled the expansion of the capability
of the portal by the wealth of features available in MEDICI. In particular the ability to automatically
process new content greatly enhances the capability to expand the portal in the future.
The ability to perform integrated hands-on material was seen to be an essential feature of effective
training content. Without this ability, the impact of any content repository would be limited. Given
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the complex computing environment typically required for HPC training purposes, this can, however,
be very difficult to provide in practice. For this reason, a dedicated educational cluster with
accelerators is provided by CaSToRC. The cluster uses EasyBuild, an HPC software build and
installation framework which can be leveraged to provide a homogenized execution environment for
practical material. It provides the possibility of supporting over 500 software packages (from MPI
implementations like OpenMPI to applications such as Gromacs and OpenFOAM). Using the
EasyBuild system allows for the possibility of the end-user easily creating exactly the same
environment on any other resource. An innovative web-based terminal emulator (provided by Gate
One https://github.com/liftoff/GateOne) was integrated into the portal. This enables the user to
directly access an HPC environment from the browser as part of the respective training content.
Figure 13 and Figure 14 demonstrate examples of the content of the training portal.
Portal content
Typical training content for HPC comes in a variety of forms that is initially classiﬁed on the portal
as:
 Web-based material, where the content is a (series of) web-page(s) or a web-application
 Captured material, where a lecture (or screen) capture has taken place
 Documents, such as a PDF of a presentation or perhaps a detailed training document
Within the Training Portal, such content is collected, categorized and given a set of meta-data that
can be used to manipulate the content when presenting it to the end user. The material currently
accessible via the portal falls under 4 different categories – most of which are further categorised into
more specific subject areas. These are identified in Table 4.
Table 4 Content categories of the Training Portal

Category

Sub-Catogories

Practical HPC
Supercomputing
Basics
Scripting
Version Control
Parallel Tools
Platform

Development
Programming
Python
OpenMP
MPI

Improvement
Performance
Analysis
Code
Improvement

Visualisation

GPU

Within each of these sub-categories a variety of training material can be found. Examples of these
include “Python for High Performance”, which can be found under Scripting, “MPI Collective
Communications” under MPI, “Periscope” and “Scalasca” under Performance Analysis.
Externally sourced content accessible through the Supercomputing Training Portal is linked to the
actual source via the use of iframes within the user’s browser. Other content is directly hosted by the
Supercomputing Training Portal – such as the various Performance Analysis videos created by VIHPS.
In general, the philosophy behind the structure and content of the portal follows the concept of the
HPC university (http://hpcuniversity.org/). Rather than only hosting self-created content, the portal
was established to provide a comprehensive carefully selected set of high quality training material
relevant to HPC users of all levels in general and the needs of regional users in particular. The credits
for sources of all content is given on the portal.
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Figure 13 Homepage of the portal under www.supercomputing.cyi.ac.cy

Figure 14 Example of captured training content: the large area on the left is the slide that is currently being presented, in
the top right a video of the speaker can be seen, the slides and audio are synced to the video

Summary of key highlights connected to the Training portal






Development of innovative training platform optimised for HPC related training content
Integration of audio and visual (e.g. video) content
In browser access to real HPC system for training tutorials
Large collection of HPC training material
Semi-automated content generation capability
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1.3.4. Data management and visualisation
High Performance Computing can produce enormous amounts of data. The provision of
computational power therefore needs to be supplemented with data storage and data management.
LinkSCEEM-2 engaged into this topic by the establishment of various tools for developing scientific
workflows for advanced data analysis as well as the provision of open source data management tools.
Workflow tools and content management
The tools to facilitate the workflow needs of various scientific community can significantly differ.
Simple and complex batch scripts (Unix shell, Perl, Python, etc.) are enough for many users to run
their data through local filtering, translation and simple analytic processes. However, some users
need powerful tools for the processing of data (synchrotron data analysis) or the processing of
images (digital cultural heritage). Depending on the amount of data to be processed, the data analysis
can take significant computational power.
For the provision of high throughput data analysis on HPC systems, LinkSCEEM-2 installed
instances of UNICORE. UNICORE is an open source middleware that was developed at the Juelich
Supercomputing Center. In general, UNICORE provides a standard mechanism for job submission
and monitoring as well as the possibility of defining workflows for HPC. Within LinkSCEEM-2,
UNICORE was chosen for its powerful workflow engine. It allows the definition of complex
workflows to be run on large clusters. UNICORE has also been chosen by PRACE and XSEDE
(XSEDE is the US counterpart to PRACE).
For applications that have strong needs for the management of data, the open source content
management system MEDICI was selected. MEDICI is a Web 2.0 environment integrating analysis
tools for the auto-curation of un-curated digital data, allowing automatic processing of input datasets,
and visualization of both data and collections. It offers a simple user interface for dataset
preprocessing, previewing and automatic metadata extraction. In addition, it supports user input of
metadata and provenance, storage, archiving and management, representation and reproduction.
MEDICI is developed at the National Center for Supercomputing Applications (NCSA) at the
University of Urbana Champaign, an unfunded partner of the LinkSCEEM-2 project, whose
participation is enabled through the strategic alliance of The Cyprus Institute (CyI) with the
University of Illinois.
Cultural Heritage application
Cultural Heritage data was identified as a strong application for the MEDICI content management
system. The Imaging Centre for Archaeology and Cultural Heritage (ICACH) that was established
through LinkSCEEM-2 with hardware funded from CyI own resources (see section 1.3.5 later in this
report) started producing data with complex processing and viewing needs. In addition, there was
already a great variety of different data formats including large images, 3D models and video that
needed handling in a single system. LinkSCEEM-2 provided support for the adaptation of MEDICI.
A local web developer at CaSToRC was remotely immersed into the MEDICI development team at
NCSA to add additional features specific to the local needs of the Cultural Heritage community that
enabled effective knowledge transfer. The result, MEDICI2, is freely available as open source
software (link is on the LinkSCEEM-2 website http://www.linksceem.eu/ls2/developed-codessoftware/medici.html) thus constituting a major outcome of the project.
The following features were developed in MEDICI:
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Integration of major data formats as used in the Cultural Heritage community
A PTM viewer to visualise the data generated by the ICACH
An automated workflow to convert PTM data into 3D models (based on algorithms
developed with Bibliotheca Alexandrina)
An advanced viewer for 3D data that also allows for on surface annotations and remote
collaboration (the remote collaboration was essential for the tele-immersive software
development that will be described later in this report)
An integrated ontology for handling of meta data
Automated extraction of meta data from files
Intelligent preview technology to minimise data transfer (this is essential for the user
experience due to the low internet bandwidth typical in the region)

Figure 15 Example of 3D data with surface annotations as displayed within MEDICI

Workflows for the Training Portal
MEDICI’s feature rich environment was also identified as strong processing tool to support data
integration into the Training Portal (see section 1.3.3). The extension of the LinkSCEEM-2 project
provided the opportunity to further develop MEDICI for the simplification of content integration into
the portal.
MEDICI is designed to support any data format and multiple research domains and contains three
major extension points: pre-processing, processing and previewing. In particular, the automatic
processing of captured video and slides during training events offered great potential for significant
time savings and hence a larger rate of content growth in the long run. When new data is added to the
portal, pre-processing is off-loaded to extraction services in MEDICI. The extraction services
attempt to extract information and run pre-processing steps based on the type of the data, for example
to create previews. This raw metadata is presented to the user in the MEDICI web client. It analyses
the screen capture and uses computer vision algorithms to identify slide changes. Once it determines
the changes in the slide, it creates navigation thumbnails for the video. It was found that the preview
elements are highly compressible and it was hence possible to produce high quality video suitable for
usage online with data rates of just 1.25MB per minute (a one hour video takes just 75MB). These
low data rates make such video easily accessible, even in very low bandwidth areas (as can
frequently be found in throughout the Eastern Mediterranean).
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Summary of key highlights of data management and visualisation




open source scientific workflow engines and content management systems deployed for
regional use
development of a tailor made content management system to host regional Cultural Heritage
data
development of advanced plugins to support content integration within the innovative training
portal developed under LinkSCEEM-2

1.3.5.Research activities
To enable HPC research applications of international calibre in the region LinkSCEEM-2 had
selected three thematic areas of high regional relevance to conduct research:




Climate modelling
Digital Cultural Heritage
Synchrotron data analysis

In addition, cross disciplinary research activities were used to support users through the provision of
state of the art tools for HPC applications and optimisation.
Cross disciplinary research activities
Cross-disciplinary activities aimed at research on simulation techniques across scientific fields, and
at providing sophisticated support in the optimization of algorithms used in HPC applications. The
cross-disciplinary research team was in close coordination with the user support group and also
significantly contributed to the training activities.
The approach towards “Performance Analysis” and optimization was based upon existing efforts and
experiences within the Virtual Institute for High Productivity Supercomputing, VI-HPS
(http://www.vi-hps.org). A number of tools were installed on all systems to target specific aspects of
performance such as: single node performance, parallel performance, debugging, instrumentation,
measurement and visualization. Training events showcasing some of these tools were provided
throughout the project.
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Figure 16 An example of load profiling: Distribution of the longitudinally summed computational load for one time step
of the homogenous atmospheric chemistry submodule in the ECHAM/MESSY Atmospheric Chemistry (EMAC) climate
model. The time required to complete each grid point was measured and added along the latitudes of the Eastern
hemisphere showing the load imbalance of sunset. The heavy load near the Earth’s surface is caused by air pollution
emissions on the Northern hemisphere.

The tools provided by the cross-disciplinary research activities were always chosen according to their
relevance and usefulness for the user community. From an infrastructure point of view, several
attempts were made to improve the performance of a number of aspects of the software environment
in which user applications are embedded:




A more consistent, optimised and reproducible environment through the use of EasyBuild
(http://hpcugent.github.io/easybuild/)
Process pinning optimisations and documentation to improve the performance of OpenMP
and MPI
Analysis and documentation of optimal data transfer solutions
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Figure 17 Comparison of network performance using OpenMPI without pinning (its default value, left) and IntelMPI
with pinning (also its default, right).

Progress in simulation technology comes from the interplay of the triad mathematical
modelling/algorithms/implementation in conjunction with high performance hardware. It was the
aim of the project to provide highly efficient parallel software for the regional scientific
communities. Consequently, the cross-sectional group responsibilities were to implement, verify,
benchmark and optimize parallel software solutions on cluster and massive parallel systems. A multipronged approach was taken:






Create a framework that optimally addresses user needs: Through a combination of externally
developed tools (such as EasyBuild and the VI-HPS toolkit), hardware configuration (such as
implementing SMT mode) and proper documentation of frequently used optimization
options, to provide users with either a pre-optimized application that was tested on the system
or with the tools so that users can build such an application themselves
Provide specific assistance when necessary: While the first point casts a wide net there is
always a need for specific assistance for users to help them get things working in an efficient
way. The team also acted as a high level consultancy service for users and has assisted users
from different communities (climate, CFD, chemistry, etc.) and countries (Cyprus, Greece,
Israel, Egypt, Jordan).
Contribute to Training Activities as frequently as possible: LinkSCEEM-2 carried out a
significant amount of training activities and the cross-disciplinary research activities actively
contributed to these activities by promoting tools that efficiently use the resources available.
In particular GPU programming and usage were promoted since the GPUs form the bulk of
the performance of the Cy-Tera system.

EasyBuild and the support of Preparatory Access users (through which the consultancy service is
generally accessed) fell in general across many tasks. In practice, the effort of the “Mathematical
Analysis and Algorithms” research and development manifested itself most explicitly through the
contribution to training events. The results from the activities performed here provided guidelines for
the selection and organization of training programs within LinkSCEEM-2, hence continuously
introducing the LinkSCEEM-2 user community to the state-of-the-art methods and technologies used
within the international supercomputing community.
Climate research
The Climate modelling research successfully brought expertise to the region and subsequently
enabled forefront research in climate studies of the Eastern Mediterranean region. The parallel
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scalability of the atmospheric general circulation model that is used to predict regional climate
change was improved as part of the research done in LinkSCEEM-2.
The ECHAM/MESSy Atmospheric Chemistry (EMAC) model is used by the European climate and
atmospheric chemistry modelling community to simulate the Earth’s atmosphere and its interactions
with land, ocean, and space. It is based on the general circulation climate model ECmwf/HAMburg
(ECHAM) that has been extended by the Modular Earth Submodel System (MESSy) to include a
variety of atmospheric processes such as homogeneous and heterogeneous chemistry,
photochemistry, and aerosols. Some of these processes require computationally complex calculations
that are unequally distributed over the simulated atmosphere.
Running the EMAC model requires large amounts of computing resources and is usually performed
on parallel supercomputers. While the climate model ECHAM provides the simulations with a
parallelisation that has been tailored to the computational load distribution of a standard climate
model, the distribution of computational complexity of an atmospheric chemistry model differs
markedly creating a load imbalance that wastes valuable computing resources. Furthermore, the load
imbalance problem worsens with increasing numbers of processors of future computer architectures
that due to limitations in semiconductor physics rely on higher parallelisation rather than faster single
processors. Thus, often the simulations do not scale well to higher numbers of processors.
The full utilisation of the LinkSCEEM e-Infrastructure for Climate Modelling required an
improvement of the scalability of EMAC. The load imbalance and its consequent reduction in
effective computer performance required a re-evaluation of the load balancing strategies in EMAC
and lead to a different parallelisation strategy of the model space for physically local processes.
Moreover, the implementation also provided for higher allowed numbers of processors for lowresolution simulations that were limited by neighbourhood relations for the exchange of data between
simulation cells. The new, highly-scalable load distribution policy was implemented in the EMAC
model by LinkSCEEM-2 and was made available to the climate and atmospheric modelling
community of the Eastern Mediterranean on BA and CaSToRC systems.
Aerosol radiative forcing is a major cause of uncertainty in the global as well as regional atmospheric
energy budgets of climate simulations. One reason is the strong dependence of the aerosol optical
properties on the mixing state of aerosol components like black carbon and sulphates. In one
application for the improved EMAC code, new aerosol mixing states were implemented in the
AEROPT submodel of EMAC. Internal aerosol mixing has been complemented by the option to use
external mixing as well as additional variants of homogeneous internal-mixing, namely one using the
average permittivity instead of the average refractive index and the Maxwell-Garnett mixing rule.

Figure 18 Examples of the scalability of EMAC using different data exchanging protocols
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An episode of low visibility was observed over the Eastern Mediterranean and particularly over
Cyprus in September 2011 as a result of a dust storm. The EMAC model was used to simulate two
subsequent dust events in the Eastern Mediterranean. These two events showed two different
removal mechanisms of dust from the atmosphere. Wet removal is dominant on the global scale and
depends strongly on the chemistry involved during dust transport from the Sahara. Dry removal
depends mainly on particle size rather than dust composition. The model reproduced the dust
distribution and timing, in good agreement with observations. The analysis showed that the increase
in the aerosol concentration over Cyprus resulted from mineral dust transport from the Negev desert.
In addition, a minor dust event from the Sahara occurred in this period, but the particles were
removed from the atmosphere by precipitation before the plume reached Cyprus. Improving such
predictive capabilities will help enabling governments to issue advanced health alerts in the future.

NASA MODIS satellite images of a dust storm
over Cyprus

Simulation of daily average of dust load over the Eastern
Mediterranean.

Figure 19 Simulation of dust storms using the improved EMAC model

Cultural heritage research
The objectives of the LinkSCEEM-2 Cultural Heritage research were two-fold. The first task was to
establish a novel small object imaging centre at CaSToRC that would make use of multiple highresolution imaging techniques for the documentation of a wide range of ancient artefacts. The centre
was designed to focus in particular on two innovative approaches to imaging: Reflectance
Transformation Imaging (RTI) and 360-degree imaging of cylindrical objects, especially cylinder
seals. A second goal was to collaborate with the InscriptiFact Digital Image Library to facilitate the
worldwide distribution of the centre’s images. This objective was broadened throughout the project
duration as it became possible to extend InscriptiFact capabilities by developing a tailor made
Content Management System tuned for regional artifacts by the use of the open source MEDICI
software. InscriptiFact is designed to host a very limited number of digital formats, mainly linked to
inscriptures, MEDICI, however, allows hosting a wide range of digital formats including 3D models.
In addition, a tele-immersive visualization system that would create a portable, virtual collaborative
space where scholars could jointly examine artefacts in a 3D environment was developed and tested
across the region.
The Cyprus Institute’s Imaging Centre for Archaeology and Cultural Heritage (ICACH) was
established in February 2012, with three digital imaging systems provided by team members of the
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West Semitic Research Project (WSRP) of the University of Southern California. ICACH was
provided as a co-fund by The Cyprus Institute to the LinkSCEEM-2 project. The systems included
(1) a RTI dome for imaging small artefacts, originally developed by Hewlett-Packard and modified
and enhanced by WSRP, (2) a Highlight-RTI system that can be used to create RTI/PTM
[Polynomial Texture Mapping, a form of RTI] images of larger artefacts, and (3) a 360-degree
imaging system that is designed to make flat, continuous images of the surfaces of cylindrical
objects. The acquired systems had an immediate impact on local documentation efforts. RTI fills an
application gap that exists between high resolution photography (2D) and high resolution laser
scanning (3D). Photographs can provide excellent documentation, but do lack any information
regarding surface textures. Laser scanning can provide this full3D information, but the generation of
scanned 3D models is very time consuming and hence not suitable for large collections of items. RTI
combines the merit of reasonably fast digitisation that it shares with simple photography, but also
provides the important aspect of surface texture. An example of this is shown in Figure 20 below.
The use of MEDICI also enabled an extension of the RTI technology. The RTI capability was
extended jointly with researchers at Bibliotheca Alexandrina to enable a conversion of RTI images to
a full 3D model. This feature was integrated into MEDICI and is available to users.

Figure 20 Example of surface texture made visible by RTI images (detail from El-Greco’s painting the “Baptism of
Christ”

Following installation and training, a significant number of data collection missions were undertaken
as part of LinkSCEEM-2. These included imaging of local coin selections, but also larger objects
such as churches. The highlights of the LinkSCEEM-2 activities were a number of occasions where
original works of El-Greco could be digitised using the RTI technology. This is significant as it was
the first time that RTI was applied to works of El-Greco. The following paintings were documented
as part of the campaign:
1. The Adoration of the Magi, signed by Domenikos Theotokopoulos (El Greco) (1541-1614).
2. St Luke Painting the Virgin. 1560-67. A signed work by Domenicos Theotokopoulos (El Greco).
Including RTI digitizations of details.
3. St.George on horseback slaying the dragon, Georgios Klontzas (Not found in their digital archive).
Including RTI digitization of details.
4. Four military saints. Michael Damaskinos.
5. St. George on a horse. The icon has the signature of the famous Cretan painter Aggelos Akotantou
(Ο άγιος Γεώργιος, έφιππος δρακοντοκτόνος. Άγγελος. Η εικόνα φέρει την υπογραφή του διάσημου
κρητικού ζωγράφου Άγγελου Ακοτάντου.)
6. The presentation of Christ in the temple. Last quarter of 17th century with forged signature of
Michael Damaskenos.
7. St. Matthew. Middle of 16th century.
8. Two cypriot provenance byzantine paintings.
The very turbulent past of the Eastern Mediterranean region has resulted in significant scattering of
the rich cultural heritage. Fragments of many artifacts are scattered across the region and the whole
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world. LinkSCEEM-2 designed a portable prototype 3D acquisition system in support of remote
cultural heritage collaboration. The envisioned system is hand held and allows someone to carry it
into a museum or other remote location. The portable tele-immersive device allows sharing a 3D
representation of an artefact with others remotely in a manner that can be manipulated in real time,
compared with other artefacts in a common virtual environment, and digitally archived.
Rapid progress made in the Gaming industry by commercialising very capable and also cost efficient
sensor hardware such as the KINECT camera by Microsoft, allowed for the design of a portable
prototyping system for a proof of concept. The prototype consists of a KINECT camera and a
standard laptop computer; both available at very low cost. The software was integrated into MEDICI
(see Section 1.3.4) to provide additional functionality. In addition, enhanced handling using Gesture
Based 3D Model Interaction (using a novel Leap Motions device) was integrated. This system, in
principle, allows for the rapid 3D scanning of objects at a quality sufficient for a graphical
representation and the interactive manipulation of this object from multiple remote locations
simultaneously. A trial was conducted between NCSA and CaSToRC and subsequently between
CaSToRC and BA. The potential of the technology was clearly demonstrated. The current quality of
the images will still need to improve for real applications, but the recent pace of development in that
sector indicates that sensor technology will very soon deliver better imaging.

Object scanning using KINECT camera as hand scanner

Interaction with MEDICI using gestures

Figure 21 Pictures from a 3D scanning session using the Tele immersive prototype

Synchrotron data analysis research
Synchrotron radiation facilities like ESRF and SESAME enable scientific research in a broad variety
of fields: atomic and molecular physics, biology, material science, spectroscopy, archaeology and
imaging. LinkSCEEM-2 contributed significantly to the efforts of supporting SESAME in
developing the ecosystem around the emerging synchrotron, which will become operational in 2016.
The research that was conducted under LinkSCEEM-2 was aiming at:
1. Porting existing Synchrotron applications to GPUs
2. Developing new Synchrotron applications for GPUs
3. Supporting the training programs for future SESAME users
The research was conducted by experienced researchers at the ESRF jointly with staff at SESAME.
Many exchanges and visits ensured that the generated knowledge is also transferred to SESAME to
ensure that development can continue on the ground beyond the duration of LinkSEEM-2.
The research on synchrotron applications mainly focused on the use of accelerators, in particular
Graphic Processing Units (GPU), in synchrotron data processing within LinkSCEEM-2. GPUs were
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initially developed for computer graphics cards, but have shown great potential in significantly
accelerating parallel computation. GPUs are also available to regional scientists through Cy-Tera.
The effective use of GPUs, however, requires significant effort to port existing applications in an
optimised manner. Before engaging in porting or developing any synchrotron applications, a detailed
study on available general-purpose algorithms was conducted. This focused mainly on the use of
OpenCL, a standard that is used on various accelerators and CUDA, which was specifically
developed for NVIDIA GPUs. Since the majority of GPU accelerated programs are based on CUDA,
it was of importance to test OpenCL against CUDA. The research concentrated on two very common
types of general purpose scientific libraries used at synchrotron and the sciences. First, libraries that
contain sets of mathematical algorithms for linear algebra typically referred to as BLAS. Second,
libraries that contain algorithms for Fast Fourier Transforms, typically abbreviated as FFT.
In terms of performance on the GPU, it was found that both, CUDA and OpenCL are on equal terms.
In general, OpenCL was thought to be only slightly slower than CUDA on the same device due to
added latency. Finally, CUDA and OpenCL show many similarities with regard to how devices are
controlled and kernels are developed. At the same time, they have a few vital differences in their
philosophy. CUDA is limited to GPUs made by NVIDIA only and offers very advanced computing
capabilities, not present in OpenCL. On the other hand, OpenCL is optimised for heterogeneous
systems hence allowing for the use on many different system architectures. In order to keep the
developed software as compatible as possible to future system architectures, OpenCL was mainly
used in the work that followed.
Following the tests and benchmarks of general purpose algorithms, relevant existing synchrotron
applications were selected and ported for the use on GPUs in order to build an application stack for
SESAME users. Three programs were accelerated using OpenCL: Shadow3, XTLS and PyFAI. In
addition, a special OpenCL toolbox was created to accelerate the application porting.
Shadow3: Ray-tracing programs are typically excellent candidates for parallelisation. A number of
synchrotron rays must be traced from an origin to a target, interacting with geometrical objects that
they intersect. In the case of X-ray ray-tracing the most common source is the X-ray beam origin and
the target is the X-ray beam output on the experimental hall. Typically, mirrors are intersected and
the rays are reflected from mirror to mirror altering the beam spread and generally its focal and
wavelength properties.
XTLS: XTLS is part of a toolbox focused on the simulation of X-ray beam propagation through
transfocators. As such, it does not provide traditional X-ray ray-tracing capabilities as Shadow3. As
to the simulation technique for free-space wave propagation, XTLS uses the Fresnel – Kirchhoff
integral, much like Shadow3, but for the 1D case.
PyFAI: PyFAI’s main purpose it to perform azimuthal and radial integration on powder diffraction
and small angle scattering images. This type of integration, as the name suggests, is the summation
of the intensity rings for the 1D case and arcs for the 2D case.
The simulation and the data processing were greatly accelerated thanks to the code refactoring and
the corresponding toolkit that was developed. All applications showed significant acceleration on
GPUs. Typical scaling charts are shown in Figure 22 below.
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GPU acceleration of Shadow3

GPU acceleration of XTLS

GPU acceleration of PyFAI
Figure 22 Application acceleration achieved by porting onto GPUs

Summary of key highlights






Provision of state-of-the-art performance analysis tools to the user community
Advanced user support
Improved scalability of internationally recognised climate simulation tools
Introduction of new digital technology into regional cultural heritage community
Improved data analysis tools for the emerging synchrotron user community at SESAME
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1.4. Project dissemination and impact
1.4.1.Dissemination activities
LinkSCEEM-2 had many dissemination activities. The project organised a large number of events
and used all of these events to disseminate the objectives and results of the project. In principle, three
dissemination channels were used to actively promote the project. The first channel was the events
organised by the project, the second was the participation in regional and international conferences
and meetings and the third was the project website. In addition, the project was also acknowledged in
the publications of users. In total, LinkSCEEM-2 was presented in 109 dissemination activities (for
details see Section 2).
Dissemination at LinkSCEEM-2 events
The project organised a large number of events as already presented in detail in Section 1.3.2. Each
event had a presentation slot allocated for the dissemination of the project. The slot would usually be
the first presentation before the technical program starts. This presentation was standardised and
updated frequently to ensure that the correct message was passed on independently of the respective
speaker.
The project was also disseminated on all the project announcements. The project logo and funding
information was always placed on flyers and announcements (for examples see Figure 23 and Figure
24). Announcements were sent mainly electronically through mail lists and on-line media (LinkedIn,
ISGTW). The mail lists included all users of the infrastructure, participants of LinkSCEEM-2 events
and other interested parties. The announcements were also sent through the mail lists of partners.
SESAME, for instance, maintains a substantial mail list of potential regional synchrotron users.

Figure 23 Examples of project dissemination on slides
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Figure 24 Example flyer for HPC Roadshow

Presentations at conferences
Apart from organising a large number of events, the project partners participated in many workshops,
conferences and meetings including EU sponsored ones. The focus of the conferences varied from
thematic conferences on research topics that are being pursued in LinkSCEEM to regional and
international networking. In total, LinkSCEEM-2 was represented on 18 conferences, one of which
was also organised by the project. A complete detailed list is given in Section 2, table A2. The
participation varied from key notes to presentations and posters.
Regional networking conferences
LinkSCEEM-2 participated in numerous regional conferences and meetings for scientists and/or
policy makers. The objective of these activities was to inform regional scientists of the resources that
LinkSCEEM-2 offers and to raise awareness of the scientific infrastructure needs of the scientific
community of the wider region, mainly towards policy makers. One example of such activities is the
annual participation in the e-AGE conference series organised by ASREN. Arab States Research and
Education Network (ASREN) is the association of the Arab region National Research and Education
Networks (NRENs), as well as their strategic partners, that aims to implement, manage and extend
sustainable Pan-Arab e-Infrastructures dedicated for the Research and Education communities and to
boost scientific research and cooperation in member countries through the provision of world-class einfrastructures and e-services.
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International networking conferences
LinkSCEEM-2 also participated in mainly European networking/ policy making events such as the
annual e-Concertation meetings and the International Conference on Research Infrastructure (ICRI)
series of conferences. LinkSCEEM-2 presented a large poster on ICRI2012 (see Figure 25) and a
presentation at ICRI2014. These activities helped to raise awareness of the scientific and
infrastructure needs of the Eastern Mediterranean on a European and International level as well as
promoting the success of LinkSCEEM-2.

Figure 25 LinkSCEEM-2 poster presented at ICRI 2012

Figure 26 Project coordinator Prof Constantia Alexandrou (2nd from right) during panel discussion at ICRI 2014
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Scientific conferences
Scientists working on the four research topics of the project (Cross-disciplinary, Climate modelling,
Digital Cultural Heritage and Synchrotron data analysis) presented their results in conferences, but
also in many workshops and scientific meetings. In addition, the Digital Cultural Heritage activities
were widely publicised in mainstream media, including TV interviews, in Cyprus. An extensive list
is given in Table A2 in Section 2 A.
Dissemination through the website
The LinkSCEEM-2 website developed into the central information hub for LinkSCEEM-2 users over
the duration of the project. All information regarding access to resources, available training material
and upcoming events were disseminated there. The website also gives details regarding the usage of
resources as all production access projects including the respective usage statistics are published on
the website. In addition, the website also features success stories from the scientific access to
LinkSCEEM-2 resources. A number of projects is selected from each closing resource access cycle
and a brief summary is displayed prominently on the website.

Figure 27 Screenshot of the homepage of the LinkSCEEM-2 website
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1.4.2.Scientific impact
The provision of computational resources to regional scientists has already had a direct profound
scientific impact measured by the number and quality of the publications resulting from the scientific
work done on the computers. The relevant statistics will be given below.
In addition, there is also a less obvious and much harder to measure indirect scientific impact that
resulted from the international scientific peer review of proposals, which is conducted as part of the
resource allocation process. Peer review in the early development stage of research ideas, allowing
established scientists with relevant experience to provide constructive criticism and commentary,
helped guide regional scientists in the maturation of these ideas. It has been quite astonishing the
level of effort that some of the reviewers have gone to in their efforts to provide constructive
reviews. It is also clear that many applicants would not have exposed their research idea in a similar
fashion if it has not been for LinkSCEEM-2.
Finally, the research work undertaken in the four research work packages (WP9-12) has had both a
scientific impact but also the initiation of collaboration across the region.
Scientific impact from LinkSCEEM-2 resources
The traditional measure of the scientific impact of resource provision is given by assessing the
number and quality of publications that have resulted from the access to the supercomputers under
LinkSCEEM-2. All projects that were granted access to the resources are obliged to report back the
resulting publications at the end of the access period. In total, the following number of publications
were reported for the four Calls for Proposal that have been completed:
CfP1
20

CfP2
17

CfP3
31

CfP4
8

total
76

Figure 28 shows the distribution of publications per scientific field and CfP. The numbers in Figure
28 only counts publications that were reported by users by the end of the access period. Users are
encouraged to report publications that are made later, but it is difficult to monitor this. Users of the
first four access periods were contacted to provide updated publication records for this report. The
data above shows the publications until end of 2014.

Figure 28 Scientific publications resulting from access to LinkSCEEM-2 resources
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The publication figures are only available for the Calls completed at this stage. The 3rd Call in
particular provides a large number of published papers and we would expect to see similar levels of
publications from the 5th and 6th Calls. A healthy and encouraging distribution across the research
fields can be observed in Figure 28. Also the quality of the papers was high as can be judged e.g. in
Fundamental Physics that resulted in papers published in Physical Review D one of the leading
journal of the field.
While publication alone only demonstrates the quality of the research work (through peer review),
the actual measure of impact are the number of citations. The number of citations was therefore
collected by the end of LinkSCEEM-2 to provide an assessment of the impact to date. Figure 29
provides the citation numbers for the publications that resulted from access to LinkSCEEM-2
resources.
Citations by Field (share of 332 total)
Astrophysics
Chemistry and Materials
Earth Sciences and Environment
Engineering and Energy
Fundamental Physics
Mathematics and Computer
Science
Medicine and Life Sciences

Figure 29 Citation statistics for publications resulting from LinkSCEEM-2 access

As expected, the older CfP’s have greater numbers of citations. This is also reflected when citations
are displayed by field (on the right). Fundamental Physics, which had a huge allocation of resources
in the 1st CfP, is strongly represented, with the relative distribution across other fields quite evenly
spread. The outstanding citation record of the Fundamental Physics community is due to the
excellence of this user group that was already established at the beginning of the project. The
distribution will become more even over time when other user communities develop further.
Another interesting measure is the amount of scientific presentations undertaken by projects engaged
in CfP’s, (Figure 30, left). Again, a healthy distribution both in terms of number and scientific field
can be observed. In total, 80 presentations and talks were given to date (for the four calls that
statistics are available). An important measure of impact is the usage of LinkSCEEM-2 resources for
PhD theses. This figure was explicitly included into the statistics collected from the users as it
indicates that young researchers at the very beginning of their career are involved into HPC.
LinkSCEEM-2 resources were used in 23 theses. The distribution over scientific field and CfP is
illustrated in Figure 30 (chart on the right).
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Figure 30 Presentations and theses resulting from LinkSCEEM-2 access

Scientific impact from LinkSCEEM-2 research
LinkSCEEM-2 undertook research in three thematic areas; Climate modelling, Digital Cultural
Heritage and Synchrotron data analysis.
The work on Climate modelling focused on improving the scalability of climate models. In detail,
LinkSCEEM-2 improved the scalability of the ECHAM/MESSy Atmospheric Chemistry (EMAC)
model. This contribution has improved the scalability of the model and resulted in a better utilisation
of available computational resources for all EMAC users world-wide. The improved routines will be
included into a future release of EMAC. Already during LinkSCEEM-2, regional scientists used the
accelerated model to contribute to research related to dust storms, a large health hazard in the Eastern
Mediterranean. This work resulted in three conference presentations and one peer reviewed journal
publication during the two first years of the project. Collaborative work with the climate group at Tel
Aviv University was established as well as with the group at Cairo University.
The research on Digital Cultural Heritage introduced new technology into the Eastern Mediterranean
region. The imaging center enabled researchers to better study and digitally preserve local artifacts.
The improved digitisation techniques also gave better access to scientists around the world. This will
stipulate exciting research on regional cultural heritage. The equipment was used in numerous
imaging sessions of local artifacts within the duration of LinkSCEEM-2. The data will be made
available online and accessible once copyright issues have been cleared. Three publications and six
presentations resulted from this work. Collaboration with the group at BA was established as well as
with groups in Greece and the US. The imaging center will continue these activities beyond the end
of the project.
The work on synchrotron data analysis focused on the porting of commonly used synchrotron data
analysis tools onto novel accelerators such as Graphical Processing Units (GPUs). This follows
current trends and has the potential to increase the computation speed significantly. The work that
was done during LinkSCEEM-2 contributes to global efforts to prepare software for the upcoming
change of hardware technology. All software improvements are open source and freely available.
This will benefit synchrotron users worldwide.
The work done in LinkSCEEM-2 was also published in one journal and was presented at two
conferences.
Details on the publications are given in Tables A1 and A2 in Section A of Section 2 later in this
report.
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1.4.3.Socio-economic impact
Enabling scientists in the region
LinkSCEEM-2 has had a strong impact on the scientific communities of the wider region. Significant
computational resources were available across the region through a transparent excellence-based
allocation process for the first time. This introduced regional scientists to international best practice
and increased the competitiveness on a global level. Thanks to LinkSCEEM-2, a number of scientists
were able to scale up their research work to fully use the opportunities of computational science like
their counterparts in central Europe and the US. Furthermore, being familiar with the access
mechanisms introduced by LinkSCEEM-2, regional scientists will find it easier to compete for
access to very large systems, as provided through PRACE. The impact of these scientists spreading
their knowhow to their colleagues and local institutions should be emphasized, since this is an
important instrument in establishing a HPC tradition.
Providing the case for future investment in computational infrastructure
Computational resources require continuous investment by governments to enable keeping pace with
the ever-accelerating speed of the development of computational hardware. While globally
recognised for its importance, computational resources still compete with other national interests,
especially in the countries of the Eastern Mediterranean. LinkSCEEM-2 will have a strong long
lasting impact by providing a) the successful example of establishing a large-scale computational eInfrastructure and b) by demonstrating the clear scientific need through the constantly high demand
in computational resources demanded by local scientists. This will help building the case for
investment into national computational facilities rather than the scattered small clusters that are being
run by many universities in the region. Already, some examples such as the IMAN1 national
supercomputer in Jordan are emerging. Similar to Cyprus, also Greece has established a national
supercomputer using structural funds. This process of pooling financial resources into centralised
large computational facilities is internationally recognised and supported. LinkSCEEM-2 established
the blue print for such facilities in the Eastern Mediterranean.
Supporting female scientists in the Middle East
Unlike their male counterparts, many female scientists do not have the option of leaving their home
countries in order to pursue part of their academic career abroad. Against common belief, there are
many women in science and engineering in the Middle East4. It is therefore important to empower
female scientists by providing training and resources in the region. LinkSCEEM-2 has implemented
a specific program for Middle Eastern women to enable participation in regional workshops on HPC
topics to encourage the usage of supercomputing, hence contributing to the improvement of women’s
careers in the region.
Bringing technical knowledge to the region
Besides enabling computational scientists, LinkSCEEM-2 has had significant impact in bringing the
technical expertise to operate a supercomputer into the region. The LinkSCEEM-2 consortium
included two of the internationally leading supercomputing centers, Juelich Supercomputing Center
in Germany (JSC) and the National Center for Supercomputing Applications in the US (NCSA). This
enabled an effective knowledge transfer on issues of system administration, resource allocation and
4

http://www.nature.com/news/how-women-scientists-fare-in-the-arab-world-1.11705
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user support. LinkSCEEM-2 implemented an ambitious technical training program. The consortium
realised the strong regional demand for such training. While initially not planned, the program was
later expanded to systems administrators across the entire region about half way through the project.
This resulted in the development of a systems administrators’ network and culminated in a large
technical workshop at the very end of the project. Technical staff from JSC and NCSA were invited
to provide specific training for systems administrators. Such training opportunities are rare to nonexistent in the region and have significant impact on the quality of service that computational centers
can provide to their users.

1.4.4.Impact of networking and training activities
A significant part of the LinkSCEEM-2 activities were spent on training and networking. It is very
difficult to quantify the impact as many of the efforts will only produce results in the future.
Nevertheless, the impact of the networking and training events as visible today are presented below.
Impact of training workshops
The main objective of the LinkSCEEM-2 training workshops was to build a new user community
that consists of scientists that have no previous HPC experience. The project organised 8 general
HPC skills focused workshops with a total of 365 participants and 12 thematic workshops with a
total of 300 participants. Many of these workshops included hands-on sessions on HPC hardware for
practical examples and a total of 483 user accounts were created for participants, hence giving them,
often for the first time, access to HPC resources. It is very difficult to measure the impact of these
events as it will take a number of years for new users to reach sufficient experience to use HPC
resource on a scale that is needed for production access. Nevertheless, a total of 26 scientists that
participated in one or more LinkSCEEM-2 workshops evolved to become HPC users on
LinkSCEEM-2 resources from no previous HPC experience throughout the duration of the project.
Also, 16 scientific groups graduated from initially only obtaining preparatory access to full-scale
scientific production access, hence becoming experienced users. One group with production access
on Cy-Tera migrated to PRACE Tier-0 access.
Impact of HPC Roadshow
The objective of the roadshow events was the exposure of a very large number of scientists to HPC.
During the first year of the project it was realised that the majority of regional scientists had little to
no previous HPC experience. These people would not consider participate in a training workshop as
the relevance of HPC to their scientific challenges was not clear to them and the technology was
somewhat out of reach. Therefore, the roadshow was designed to attract as many as possible users
with manageable cost and time effort. The training was kept short and to the basics so that scientists
left the event with a 6 month access to a HPC system and basic skills on how to connect to a system
and how to run software on it. A total of 37 events were organised and more than 800 people
participated (it was not possible to register the exact number of participants at all events). The
overwhelming majority of these users, 741 in total, created accounts on the Euclid, the LinkSCEEM
training cluster and had access for 6 months. By now, 15 participants have applied and been granted
access to large-scale resources hence graduating from the training facilities to the large systems.
Impact of Educational access
The impact of Educational access will be visible only on the long-term development of
computational science by providing core skills early on the education path of future scientists. It is
very difficult to quantify the impact during the duration of a project such as LinkSCEEM, but it is a
big success that 6 regional lecturers used LinkSCEEM-2 resources for their lectures.
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Impact System Administrators training
Initially envisaged as an activity tailored to technical staff at the participating HPC sides, the
technical training has grown into a separate pan-regional activity that also includes technical staff
from small university clusters across the region. The provision of technical expertise to the region is
crucial as these skillsets are very rare on the job market and attracting foreign experts has become
challenging. The project can confidently claim to have significantly contributed to the development
of technical expertise that is on an international level. Unfortunately, this was demonstrated by the
departure of two systems administrators from Bibliotheca Alexandrina to positions in Europe. Brain
drain is a well-known phenomenon in the region and the currently unstable situation, especially in
the Middle East, amplifies the effect. LinkSCEEM-2 addressed the resulting reoccurring staff
changes at HPC centers through the development of a strong regional network of systems
administrators that helps to fill the gap and provide guidance to people that are being trained to run
the systems. This approach seems to work as a total of three departures of administrators was
absorbed throughout the project duration without any interruption of service. The systems
administrators’ network now spans across the whole region and will continue beyond the project
duration.
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1.5. Website and Contact
1.5.1.Website
The project website can be found under www.linksceem.eu. The site is hosted at The Cyprus
Institute. The IT manager Ronald Garrido (r.garrido@cyi.ac.cy) is responsible for the maintenance of
the website.

1.5.2.Project Logo:

1.5.3.Coordinator contact
Prof. Constantia Alexandrou
alexandrou@cyi.ac.cy
+357 22 208 647
The Cyprus Institute
20 Konstantinou Kavafi Street
2121, Aglantzia
Nicosia
Cyprus
www.cyi.ac.cy

1.5.4.List of Beneficiaries
No
1
2
3
4
5
6
7
8
9
10
11

Name
THE CYPRUS RESEARCH AND EDUCATIONAL
FOUNDATION
National Authority for Remote Sensing and Space Sciences
BIBLIOTHECA ALEXANDRINA * LIBRARY OF
ALEXANDRIA BIBALEX
FORSCHUNGSZENTRUM JUELICH GMBH
THE BOARD OF TRUSTEES OF THE UNIVERSITY OF
ILLINOIS
SYNCHROTRON-LIGHT FOR EXPERIMENTAL SCIENCE
AND APPLICATIONS IN THE MIDDLE EAST
INSTALLATION EUROPEENNE DE RAYONNEMENT
SYNCHROTRON

Short Name
CyI-CaSToRC

Country
Cyprus

NARSS
BA

Egypt
Egypt

JUELICH
UNIVERSITY
OF ILLINOIS
SESAME

Germany
United States

IERS

France

MAX PLANCK GESELLSCHAFT ZUR FOERDERUNG DER
WISSENSCHAFTEN E.V.
CYPRUS RESEARCH AND ACADEMIC NETWORK
JORDANIAN UNIVERSITIES NETWORK
INTER UNIVERSITY COMPUTATION CENTRE

MPG

Germany

KEAD
JUNET
IUCC

Cyprus
Jordan
Israel
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Jordan

2. Use and dissemination of foreground
Section A (public)
The LinkSCEEM-2 project has successfully established and operated an integrated e-Infrastructure in
the Eastern Mediterranean. Through the constant presence in the region, LinkSCEEM-2 also has
become a recognised brand among computational scientists. The dissemination activities during the
project were already discussed in Section 1.4.1. The consortium plans to continue disseminating and
exploiting this brand and the related achievements beyond the project duration. The dissemination
plan for this is presented in this section. The exploitation of the project foreground is discussed in
Section B that follows. Tables A1 and A2 in this section list all publications and dissemination
activities that took place over the project duration.

Dissemination through access to resources
The central pillar of the LinkSCEEM brand is the integrated e-Infrastructure. This e-Infrastructure
will continue to operate (see Section B for more information). The infrastructure will continue to be
branded as LinkSCEEM-2 and the support of the European Commission in establishing this eInfrastructure will be continuously disseminated in all related documents. This will ensure that the
impact of the EC funding will be obvious to all users.

Dissemination through online training material
The ambitious training program of LinkSCEEM-2 has not only resulted in the education of many
regional scientists, but also generated a large quantity of training material. The LinkSCEEM-2
consortium has ensured that this material was collected and is indefinitely available through the
website and/or the training portal. For example, slides of the LinkSCEEM-2 lectures can be found on
the website under user resources.

Dissemination through the LinkSCEEM-2 webpage
The LinkSCEEM-2 webpage has become a central information hub for regional scientists. The
website will be kept online and accessible. The continuing access calls will still be issued through the
website and the projects that are granted access will also be published there. The website was also
modified to host all public deliverables of the project. A special section of the website (under
Project/Deliverables was introduced specifically for this purpose. All public deliverables will be
available for download there after being accepted by the European Commission.
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Table A1: list of scientific (peer reviewed) publications

NO.

Title

Main author

Title of the
periodical or
the series

Number, date or
frequency

Publisher

1

Parameterisation of dust
emissions in the global
atmospheric chemistryclimate model EMAC:
Impact of nudging and soil
properties

J. Lelieveld

Atmos. Chem.
Phys.

No 12, 2012

European
Geosciences
Union

2

PyFAI: a Python library for
high performance
azimuthal integration on
GPU

Jérôme
Kieffer

3

The fast azimuthal
integration Python library:
pyFAI

Giannis
Ashiotis

4

SHADOW3-API: the
application programming
interface for the ray tracing
code SHADOW

Dimitris
Karkoulis

5

A Scalable Content
Management System for
Cultural Heritage Datasets

Constantinos
Sophocleous

PROC. OF
THE 7th EUR.
CONF. ON
PYTHON IN
SCIENCE
Journal of
Applied
Crystallography
Proc. SPIE
8141:
Advances in
Computational
Methods for XRay Optics II
Digital
Humanities
Quarterly,
forthcoming
2015

Place of
publication

Year of
publication

Relevant
pages

Permanent identifiers5
(if available)

Is/Will
open
access6
provided to
this
publication?

2012

pp. 11057–
11083

doi:10.5194/acp-1211057-2012

yes

arXiv:1412.6367 [astroph.IM]

yes

ISSN 1600-5767

no

doi:10.1117/12.893433

no

2014

No 48, 2015

John Wiley
& Sons Ltd

2015

Vol. 8141

SPIE
Proceedings

2011

pp. 510 - 519

Forthcoming
2015

5

A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for
publication (link to article in repository).
6 Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the
embargo period for open access is not yet over but you intend to establish open access afterwards.
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yes

NO.

Title

6

Light on El Greco from a
technological perspective:
The Baptism of Christ and
the View of Mount Sinai at
the Historical Museum of
Crete in Heraklion

Main author

Title of the
periodical or
the series

Nikolas
Barkirtzis

Proceedings of
the
International
Conference El
Greco: Τhe
Cretan Years
International
Conference

Number, date or
frequency

Publisher
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Place of
publication

Year of
publication

Relevant
pages

Forthcoming
2015

pp. 65 - 69

Permanent identifiers5
(if available)

Is/Will
open
access6
provided to
this
publication?

Table A2: list of dissemination activities (sorted by types of activity)
NO.
1

2

3

4

5

6

7

8

Type of
activities

Main
leader

Title

Date/Period

Place

Type of
audience

Size of
audience

Countries
addressed

articles
published in
the popular
press
articles
published in
the popular
press
articles
published in
the popular
press

-

Innovative Technology applied at CyI (RTI
technology)

23/02/2012

Alitheia

Civil Society

n/a

Cyprus

-

Innovative Technology applied at Ayios Ioannis
Lambadistis Monastery (RTI technology)

15/06/2012

Alitheia

Civil Society

n/a

Cyprus

-

Advanced imaging technology for church
paintings

13/06/2012

Cyprus Mail

Civil Society

n/a

Cyprus

articles
published in
the popular
press
articles
published in
the popular
press
articles
published in
the popular
press
articles
published in
the popular
press
articles
published in
the popular
press

-

Antiquity and art at CyI's microscope Technology for memory

20/02/2012

Politis

Civil Society

n/a

Cyprus

-

Innovative imaging technology (RTI)

15/06/2012

Politis

Civil Society

n/a

Cyprus

-

Innovative Technology applied at Ayios Ioannis
Lambadistis Monastery (RTI technology)

15/06/2012

Antilogos

Civil Society

n/a

Cyprus

-

Digital photographing of monuments (RTI)

21/02/2012

Haravgi

Civil Society

n/a

Cyprus

-

Innovative imaging technology (RTI)

13/06/2012

Haravgi

Civil Society

n/a

Cyprus
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9

conference

-

Balqa Applied University Scientific Day

27/04/2011

Amman
University
College,
Amman, Jordan

Scientific
Community

n/a

Jordan

10

conferences

-

8th e-Infrastructure Concertation meeting

4-5/11/2010

EU

conferences

-

9th e-infrastructure Concertation Meeting

n/a

EU

12

conferences

-

n/a

EU

13

conferences

-

VAST Conference - International Symposium
on Virtual Reality, Archaeology and Cultural
Heritage
e-AGE 2011 - Integrating Arab eInfrastructures in a global environment

2223/09/2011
1821/10/2011

Policy
makers
Policy
makers
Scientific
Community

n/a

11

CERN, Geneva,
Switzerland
Lyon, France

14

conferences

-

15

conferences

16

Italy

1214/12/2011

Amman, Jordan

Scientific
Community,
Policy
makers

n/a

Eastern
Mediterranean

International Conference on Research
Infrastructure (ICRI) 2012

2123/03/2012

Copenhagen,
Denmark

Scientific
Community,
Policy
makers

n/a

International

-

International Conference on Research
Infrastructure (ICRI) 2014

2-4/04/2014

Athens,Greece

Scientific
Community,
Policy
makers

n/a

International

conferences

-

Third Conference on Innovations in
Computing and Engineering Machinery
(CICEM 2013)

30/04/2013

Amman, Jordan

Scientific
Community

n/a

Eastern
Mediterranean

17

conferences

-

Advanced School on Synchrotron Techniques
in Environmental Scientific Projects, (ICTP)

18/04/2013

Triest, Italy

Scientific
Community

n/a

International

18

conferences

-

eAGE 2012

1213/12/2013

Dubai, UAE

Scientific
Community,
Policy
makers

n/a

Middle East
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19

conferences

-

DARECLIMED project final conference

2325/07/2013

Orthodox
academy of
Crete, Chania,
Greece

Scientific
Community

n/a

Eastern
Mediterranean

20

conferences

-

e-AGE 2014

1011/12/2014

Muscat, Oman

Scientific
Community,
Policy
makers

n/a

Middle East

21

conferences

-

Mixing-state sensitivity of aerosol absorption
in EMAC, EWACC conference, 2012

1012/12/2012

Nicosia, Cyprus

Scientific
Community,
Policy
makers

n/a

Eastern
Mediterranean

22

conferences

-

Light on El Greco from a technological
perspective: The Baptism of Christ and the
View of Mount Sinai at the Historical
Museum of Crete in Heraklion ,El Greco:
The Cretan Years, International Conference

2123/06/2014

Historical
Museum of
Crete,
Heraklion,
Greece

Scientific
Community,

n/a

Greece

23

conferences

-

LinkSCEEM-2 session, East meets West on
Innovation
and Entrepreneurship International Congress

03/09/2012

University of
Cyprus, Nicosia,
Cyprus

Scientific
Community,
Policy
makers

n/a

International

24

conferences

-

Conference on Scientific Computing 2013

3-6/12/2013

Paphos, Cyprus

Scientific
community

120

International

25

conferences

-

CHinese-AmericaN-German E-Science and
cyberinfrastructure- CHANGES2013

10/09/2013

Chicago, US

Scientific
community

n/a

International

26

conferences

-

CHinese-AmericaN-German E-Science and
cyberinfrastructure- CHANGES2014

10/09/2014

Scientific
community

n/a

International

27

interviews

-

"Mesimeri kai kati" Nikitas Kyriakou

19/02/2012

Chinese
Academy of
Science,
Beijing, China
SIGMA TV

Civil Society

n/a

Cyprus

28

interviews

-

Evening News

18/02/2012

SIGMA TV

Civil Society

n/a

Cyprus
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29

presentations

-

7th SESAME Jordanian National Committee

05-May-11

University of
Jordan
SESAME,
Allen, Jordan

Policy
makers
Scientific
Community

n/a
n/a

Eastern
Mediterranean
Jordan

30

presentations

-

LinkSCEEM Open Day

08/04/2012

31

presentations

-

LinkSCEEM Open Day

27/03/2012

The Cyprus
Institute,
Nicosia, Cyprus
The Cyprus
Institute,
Nicosia, Cyprus
The Cyprus
Institute,
Nicosia, Cyprus
SESAME,
Allen, Jordan

Civil Society

n/a

Cyprus

32

presentations

-

LinkSCEEM Open Day

30/03/2012

Civil Society

n/a

Cyprus

33

presentations

-

LinkSCEEM Open Day

27/04/2012

Scientific
Community

n/a

Cyprus

34

presentations

-

LinkSCEEM Open Day

27/03/2013

Scientific
Community

n/a

Jordan

35

presentations

-

LinkSCEEM Open Day

14/05/2013

Scientific
Community

n/a

Cyprus

02/04/2013

The Cyprus
Institute,
Nicosia, Cyprus
Bibliotheca
Alexandrina,
Alexandria,
Egypt

36

presentations

-

LinkSCEEM Open Day

Civil Society

n/a

Egypt

37

presentations

-

Special Information Session - International
Atomic Energy Agency (IAEA)

29/05/2013

Vienna, Austria

Scientific
Community,
Policy
makers

n/a

International

38

presentations

-

6th Scientific Day at Philadelphia University

22/05/2014

Amman, Jordan

Scientific
Community

n/a

Eastern
Mediterranean

39

presentations

-

LinkSCEEM Open Day

12/03/2014

Iman1,
Amman, Jordan

Scientific
Community

n/a

Jordan
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40

presentations

-

Works of Greco under the Light of New
Technology,” Lecture Series on El Greco

25/10/2014

Historical
Museum of
Crete,
Heraklion,
Greece

Scientific
Community,
Civil Society

n/a

Greece

41

presentations

-

Reflectance Transformation Imaging (RTI)
for Byzantine and Medieval Art, Colloquium

24/01/2014

Scientific
Community

n/a

France

42

presentations

-

New Light on El Greco: Preliminary Results
from the Application of RTI Photography
on Works of Domenikos Theotokopoulos

27/03/2013

Centre de
Recherche et
de
Restauration
des Musées
de France
(C2RMF)
Benaki
Museum,
Athens, Greece

Civil Society

n/a

Greece

43

presentations

-

Technology Light on the Relics of the
Phaneromeni Church, Symposium on the
History and Art of the Phaneromeni Church

Dec-12

Scientific
Community

n/a

Cyprus

44

workshop

-

Modeling and Grids: Applications

2829/06/2011

Scientific
Community

n/a

Lebanon

45

workshops

-

Grid Computing Workshop

30/09/2010

Scientific
Community

n/a

Egypt

46

workshops

-

EUMEDGRID-Support/EPIKH School

04/11/2010

Bank of
Cyprus
Cultural
Foundation,
Nicosia,
Cyprus
Universite
Saint-Joseph,
Beirut
Helwan
University,
Cairo, Egypt
NARSS, Cairo
Egypt

Scientific
Community

n/a

Egypt

47

workshops

-

Science Supercourse Computer Engineering
Day

10/03/2011

BA,
Alexandria,
Egypt

Scientific
Community

n/a

Egypt
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48

workshops

-

The journey from research/business idea into
reality workshop

30/05/2011

Scientific
Community

n/a

Egypt

1318/05/2012

BA,
Alexandria,
Egypt
Limassol,
Cyprus

49

workshops

-

Urban Physics and Interaction across the
Scales

Scientific
Community

n/a

EU

50

workshops

-

3rd DARECLIMED Workshop on hardware
and software requirements for creating and
maintaining a data repository

1314/06/2012

Istanbul,
Turkey

Scientific
Community

n/a

Eastern
Mediterranean

51

workshops

-

Workshop on Atmospheric heating

1113/03/2013

Weizmann
Institute of
Science at
Rehovot, Israel

Scientific
Community

n/a

Israel

52

workshops

-

LinkSCEEM-2 HPC Roadshow European
University

25/02/2013

Cyprus

Scientific
Community

n/a

Cyprus

53

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Nicosia

16/05/2013

Cyprus

Scientific
Community

n/a

Cyprus

54

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Cyprus, Bioinformatics

25/09/2013

Cyprus

Scientific
Community

n/a

Cyprus

55

workshops

-

LinkSCEEM-2 HPC Roadshow European
University

04/10/2013

Cyprus

Scientific
Community

n/a

Cyprus

56

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Cyprus, Electrical and Computer Engineering

30/10/2013

Cyprus

Scientific
Community

n/a

Cyprus

57

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Cyprus, KIOS

18/02/2014

Cyprus

Scientific
Community

n/a

Cyprus

58

workshops

-

LinkSCEEM-2 HPC Roadshow Cyprus University
of Technology, Electrical Engineering,
Computer Engineering, and Informatics

03/04/2014

Cyprus

Scientific
Community

n/a

Cyprus

54

59

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Cyprus, Computational Science Laboratory

04/04/2014

Cyprus

Scientific
Community

4

Cyprus

60

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Cyprus, Oceanography Centre

17/04/2014

Cyprus

Scientific
Community

3

Cyprus

61

workshops

-

LinkSCEEM-2 HPC Roadshow American
University of Beirut (AUB)

27/06/2011

Lebanon

Scientific
Community

20

Lebanon

62

workshops

-

LinkSCEEM-2 HPC Roadshow SESAME

19/07/2011

Jordan

Scientific
Community

30

Jordan

63

workshops

-

LinkSCEEM-2 HPC Roadshow Ben-Gurion
University

24/10/2011

Israel

Scientific
Community

30

Israel

64

workshops

-

LinkSCEEM-2 HPC Roadshow The Cyprus
Institute

09/02/2012

Cyprus

Scientific
Community

25

Cyprus

65

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Jordan

12/06/2012

Jordan

Scientific
Community

15

Jordan

66

workshops

-

LinkSCEEM-2 HPC Roadshow Aristotle
University of Thessaloniki,

15/06/2012

Greece

Scientific
Community

18

Greece

67

workshops

-

LinkSCEEM-2 HPC Roadshow Bar-Ilan
University

03/07/2012

Israel

Scientific
Community

25

Israel

68

workshops

-

LinkSCEEM-2 HPC Roadshow Bibliotheca
Alexandrina

11/07/2012

Egypt

Scientific
Community

17

Egypt

69

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Crete

04/02/2013

Greece

Scientific
Community

11

Greece

70

workshops

-

LinkSCEEM-2 HPC Roadshow Tel Aviv
University

18/02/2013

Israel

Scientific
Community

13

Israel
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71

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Jordan

28/02/2013

Jordan

Scientific
Community

23

Jordan

72

workshops

-

LinkSCEEM-2 HPC Roadshow Ain-Shams
University

04/03/2013

Egypt

Scientific
Community

100

Egypt

73

workshops

-

LinkSCEEM-2 HPC Roadshow Assiut University

19/03/2013

Egypt

Scientific
Community

65

Egypt

74

workshops

-

LinkSCEEM-2 HPC Roadshow Al-Azhar
University, Center for Scientific Computing

30/04/2014

Egypt

Scientific
Community

33

Egypt

75

workshops

-

LinkSCEEM-2 HPC Roadshow Jordan University
for Science and Technology (JUST)

04/05/2014

Jordan

Scientific
Community

50

Jordan

76

workshops

-

LinkSCEEM-2 HPC Roadshow Academy of
Athens

06/05/2014

Greece

Scientific
Community

11

Greece

77

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Patras

08/05/2014

Greece

Scientific
Community

26

Greece

78

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Cairo, Egypt Nanotechnology Center (EGNC)
and the Center for Nuclear Studies and
Peaceful Applications (NSPA)

13/05/2014

Egypt

Scientific
Community

18

Egypt

79

workshops

-

LinkSCEEM-2 HPC Roadshow FORTH

21/07/2014

Greece

Scientific
Community

19

Greece

80

workshops

-

LinkSCEEM-2 HPC Roadshow Aristotle
University of Thessaloniki

03/02/2015

Greece

Scientific
Community

7

Greece

81

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Ioannina

05/02/2015

Greece

Scientific
Community

4

Greece

82

workshops

-

LinkSCEEM-2 HPC Roadshow Jordan University

10/02/2015

Jordan

Scientific
Community

75

Jordan

56

83

workshops

-

LinkSCEEM-2 HPC Roadshow Sinai University

11/02/2015

Egypt

Scientific
Community

30

Egypt

84

workshops

-

LinkSCEEM-2 HPC Roadshow University of
Athens

17/02/2015

Greece

Scientific
Community

19

Greece

85

workshops

-

LinkSCEEM-2 HPC Roadshow Alexandria
University

17/02/2015

Egypt

Scientific
Community

37

Egypt

86

workshops

-

18/02/2015

Egypt

Scientific
Community

16

Egypt

87

workshops

-

LinkSCEEM-2 HPC Roadshow Cairo University,
Bibliotheca Alexandrina "Embassy of
Knowledge"
LinkSCEEM-2 HPC Roadshow Zewail City

19/02/2015

Egypt

Scientific
Community

19

Egypt

88

workshops

-

LinkSCEEM-2 HPC Roadshow Yarmouk
University

23/02/2015

Jordan

Scientific
Community

44

Jordan

89

workshops

-

PRACE/LinkSCEEM Winter 2011 School

January 2427, 2011

Scientific
Community

62

Eastern
Mediterranean

90

workshops

-

Cyprus Advanced HPC Workshop

Scientific
Community

24

Eastern
Mediterranean

91

workshops

-

Third LinkSCEEM Cross-sectional HPC
Workshop

11-15 Nov
2012

Scientific
Community

63

Eastern
Mediterranean

92

workshops

-

PRACE-LinkSCEEM 2014 Winter School

10-13 Feb
2014

Scientific
Community

43

Eastern
Mediterranean

93

workshops

-

Joint HP-SEE/LinkSceem-2/PRACE Athens
Summer Training

13-15 July
2011

Scientific
Community

55

Eastern
Mediterranean

94

workshops

-

2nd LinkSCEEM General User Meeting

June 25-27,
2012

`The Cyprus
Institute,
Nicosia, Cyprus
`The Cyprus
Institute,
Nicosia, Cyprus
American
University,
Cairo, Egypt
Tel Aviv
University, Tel
Aviv, Israel
University of
Athens, Athens,
Greece
`The Cyprus
Institute,
Nicosia, Cyprus

Scientific
Community

44

Eastern
Mediterranean

6-8 Feb 2012

57

95

workshops

-

3rd LinkSCEEM-2 General User Meeting

25-27 June
2013

Bibliotheca
Alexandrine,
Alexandria,
Egypt
`The Cyprus
Institute,
Nicosia, Cyprus
`The Cyprus
Institute,
Nicosia, Cyprus
`The Cyprus
Institute,
Nicosia, Cyprus

Scientific
Community

40

Eastern
Mediterranean

96

workshops

-

4th LinkSCEEM General User meeting

10-13 June
2014

Scientific
Community

34

Eastern
Mediterranean

97

workshops

-

LinkSCEEM/Cy-Tera HPC Administrator
Workshop

1921/01/2015

Scientific
Community

33

Eastern
Mediterranean

98

workshops

-

Virtual Heritage School on Digital Cultural
Heritage: 3D documentation, imaging
technologies and knowledge repositories

9-11 May
2012

Scientific
Community

30

Eastern
Mediterranean

99

workshops

-

Second LinkSCEEM Thematic Workshop on
Digital Cultural Heritage

24-26 Sep
2012

Bibliotheca
Alexandrine,
Alexandria,
Egypt
`The Cyprus
Institute,
Nicosia, Cyprus

Scientific
Community

35

Eastern
Mediterranean

100

workshops

-

Virtual Heritage School on Digital Cultural
Heritage (3D documentation, knowledge
repositories and creative industries)

1.1. 27-30
May 2013

Scientific
Community

30

Eastern
Mediterranean

101

workshops

-

Reflectance Transformation Imaging (RTI) &
Cultural Heritage workshop

Scientific
Community

17

Eastern
Mediterranean

17-19 July
2011

`The Cyprus
Institute,
Nicosia, Cyprus
SESAME, Allan
Jordan

102

workshops

-

The 1st SESAME – LinkSCEEM Summer School

Scientific
Community

24

Eastern
Mediterranean

103

workshops

-

The 2nd SESAME – LinkSCEEM Summer School

11-13 Sep
2012

SESAME, Allan
Jordan

Scientific
Community

24

Eastern
Mediterranean

104

workshops

-

The 3th SESAME – LinkSCEEM Summer School

8 – 10 Sep
2013

SESAME, Allan
Jordan

Scientific
Community

25

Eastern
Mediterranean

3-5 June
2014

58

105

workshops

-

The 4th SESAME – LinkSCEEM Summer School

106

workshops

-

107

workshops

108

workshops

109

workshops

-

15 – 17 June
2014

SESAME, Allan
Jordan

Scientific
Community

30

Eastern
Mediterranean

Climate Modeling Thematic Workshop

11-13 Oct
2011

Scientific
Community

17

Eastern
Mediterranean

-

Second LinkSCEEM Workshop on ClimateRelated Research

9-11 Okt
2012

Scientific
Community

21

Eastern
Mediterranean

-

Third LinkSCEEM Thematic Workshop for
Climate Research

19–21
February
2013
1-10 Jul 2014

`The Cyprus
Institute,
Nicosia, Cyprus
`The Cyprus
Institute,
Nicosia, Cyprus
`The Cyprus
Institute,
Nicosia, Cyprus
Amman, Jordan

Scientific
Community

31

Eastern
Mediterranean

Scientific
Community

16

Eastern
Mediterranean

Fourth LinkSCEEM Workshop on ClimateRelated Research in Collaboration with the
International Centre for Agricultural Research
in the Dry Areas (ICARDA)
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Section B (public)
The LinkSCEEM-2 consortium has ensured that the LinkSCEEM e-Infrastructure continues to
operate beyond the project duration. First post-project access calls were already issued and it has
been ensured that the structures created by the project remain functional for the next few years.
Hence, the created integrated e-Infrastructure will continued to be used.
The greatest challenge for the long-term prospects of LinkSCEEM is the timely upgrade of regional
HPC systems. While there are adequate HPC resources available over the next couple of years, some
major investment will be required to ensure activities born with the help of the LinkSCEEM projects
can continue. Jordan will start contributing more processing power as SESAME readies itself for
starting up its beam lines. There are also indications that systems will be upgraded in Egypt and a
major investment was made already in Greece. Plans are currently being drawn for an upgrade of CyTera that is expected within the next two years.
Ensuring timely investment by governments and providing the essential training to young scientists,
even outside of externally funded projects, requires determination. The commitment to continuing
the LinkSCEEM e-Infrastructure process is already visible with upgrades being planned at The
Cyprus Institute and Bibliotheca Alexandrina as well as SESAME preparing to join the eInfrastructure.
The sections below will discuss how the created e-Infrastructure will be exploited by the consortium.

Exploitation of e-Infrastructure
A central pillar of the LinkSCEEM-2 efforts was on the provision of computational resources free of
charge to regional scientists. Through LinkSCEEM-2, resources from two sites were pooled and
distributed to scientists through competitive calls. This access mechanism provided the users with a
uniform HPC environment and software stack independent from the individual machine. It also
introduced international best practices in HPC into the region. This is a major achievement of
LinkSCEEM-2 and a legacy that needs to be preserved.
During the 3rd year of the project an agreement was made to issue calls that give access beyond the
initial project duration. The consortium has further expanded this pledge to continue issuing
competitive access calls beyond LinkSCEEM-2 (a 7th call for proposals has already been issued).
During the final Steering Committee meeting that was held in December 2014, both participating
HPC sites agreed to commit similar amounts of resources to future regional access. This also
includes any competitive proposals that would need resource commitments (e.g. CaSToRC and BA
pledged some resources to the VI-SEEM proposal mentioned below). This is crucial as uninterrupted
access is essential for computational scientists that want to build their research based on large scale
computation.
The access mechanisms established during LinkSCEEM-2 function very well and Dr. Norbert Attig
from JSC, the chair of the Resource Allocation Committee (RAC), kindly agreed to continue this role
over the next three calls. The evaluation procedure will, therefore, continue unchanged. A newly
formed RAC that includes regional computational scientists, users of the LinkSCEEM infrastructure,
has already been established. This is in line with international practice.
Apart from the continuation of access to resources, there are also plans to expand the available
resources where possible. SESAME has already pledged to join the pool of HPC resources once their
hardware upgrade is complete. There are currently no active plans of extension beyond SESAME,
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however, the consortium is open to include systems that show interest. Encouraging regional
collaboration through the systems administrators group also helps to establish similar tools across
regional systems, which also lowers the technical hurdle for joining the LinkSCEEM eInfrastructure.

Cooperation with the South East Europe (SEE) region
The SEE region suffers from similar HPC related issues as the Eastern Mediterranean. In general,
there relatively low availability of HPC resources that are accessible by researchers and a relatively
high need for training and community building. Parallel to LinkSCEEM-2 the HP-SEE project built
joint access mechanisms to HPC resources across the SEE region. This was also complemented with
a training and outreach program. HP-SEE was coordinated by GRNET, which also participated in the
first LinkSCEEM project. HP-SEE and LinkSCEEM-2 collaborated strongly by co-organising
training and networking events (e.g. HP-SEE/LinkSCEEM Athens Summer Training in 2011 and
various LinkSCEEM-2 roadshow events in Greece). Also, some inter-project access trials were
implemented. For instance, LinkSCEEM-2 production projects were given access to one machine in
Bulgaria through the HP-SEE project.
The shared challenges and similar objectives clearly call for closer cooperation in future activities. In
order to solidify and structure the cooperation, the concept of the South-East-Europe and Eastern
Mediterranean (SEEM) region was established.

The focus of this collaboration is to develop joint strategies for the provision of computing and data
resources to computational users across the entire region, develop training programs to target
regional needs, support connectivity development in the region and give a strong voice for the region
within PRACE. Driven by GRNET and CaSToRC, funding opportunities to support HPC related
activities were pursued during the first round of H2020 calls for proposal. This resulted in the
submission of a joint proposal under the H2020 call EINFRA-9-2015 e-Infrastructures for virtual
research environments (VRE). The proposal aims at establishing a joint regional e-Infrastructure that
provides access to computation (HPC, Grid) and data resources. Focusing on key regional user
communities (Climate science, Life science, Cultural heritage), the proposal will also provide
integrated access to related data sets, data management tools and specific user developed software
stacks as well as a supporting training program. The evaluation of the proposal is pending. The
operational model established under LinkSCEEM-2 will be exploited in the framework of VI-SEEM,
if funding is granted.
In addition, PRACE members of the region also support efforts to re-evaluate the training program in
PRACE. Within the framework of the PRACE4IP project, that just started, the potential of a new,
perhaps regional distributed PRACE Advanced Training Center (PATC) is being promoted.
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Cooperation on synchrotron applications
Despite suffering multiple delays, SESAME is firmly on track to start operation in 2016. This will
give scientists from many different research fields access to a synchrotron facility and result in many
computational needs and challenges.
LinkSCEEM-2 has enabled the provision of software for first beamline users at SESAME. This
software is installed and tested on the LinkSCEEM HPC systems and at SESAME. Furthermore,
training and documentation material was provided for future users. The software itself is open source
and available from the LinkSCEEM-2 website as well as commonly used open source repositories
such as sourceforge.
Through the framework of the LinkSCEEM-2 project, key players for the success of SESAME were
brought together to embed SESAME into European efforts related to Synchrotron light and HPC.
ESRF provided competence in synchrotron applications and is the link to the European Synchrotron
community, while CaSToRC established the HPC link to Europe. While LinkSCEEM-2 only
provided assistance in the preparatory phase of SESAME due to the delays in starting operation at
SESAME, the cooperation of all three institutions will continue beyond the project duration.
CaSToRC will provide further assistance in developing HPC capacity at SESAME and access to
computational resources, while ESRF is helping to link SESAME better to European efforts in the
field of Synchrotron radiation. A first step in this direction was the PANDAAS proposal that was
submitted under the H2020 call INFRADEV-4-2014-2015 Implementation and operation of crosscutting services and solutions for clusters of ESFRI and other relevant research infrastructure
initiatives. SESAME and CaSToRC joined the proposal consortium that was coordinated by ESRF.
The proposal aims at developing a joint platform for Synchrotrons and Neutron sources to enable
users to remotely analyse, visualise and manage their experimental data. This type of activity will
have crucial impact for SESAME users since the capacity to transport and store data is often very
low. The proposal has been evaluated favourably, but a final funding decision is still pending. In case
no funding can be secured, a reduced scale activity with similar scope will be pursued regardless.

Cooperation of regional system administrators
An activity that gained significant momentum during the second half of the LinkSCEEM-2 project is
the collaboration/networking between system administrators across the region. This activity emerged
from the technical training program that was undertaken as part of WP4. The idea was to open these
training activities to technical personnel outside of the consortium. The huge interest and
overwhelmingly positive feedback encouraged the consortium to further expand this activity and
resulted in a number of small technical workshops and culminated in a very large workshop with key
note speakers from NCSA and JSC carried out in the final months.
Keeping active links between regional system administrators is very important as it helps to establish
some regional standards on how to handle hardware and software and can assist in establishing best
practice. It also forms a knowledge pool, enables people to provide mutual assistance and allows
monitoring the development of HPC resources (that are not always public knowledge). Following the
final LinkSCEEM-2 workshop (held in January 2015) that was dedicated to system administrators,
an on-line forum will be established to keep the communication going. The lack of funding for faceto-face meeting is compensated by the fact that remote assistance in respect of system administration
is very well established.
The technical expertise brought into the Eastern Mediterranean region will be shared through the
Systems Administrators Group to maximise impact and exploitation.
62

LinkSCEEM-2 also actively tried to include system administrators from other Middle Eastern
countries such as Saudi Arabia and the United Arab Emirates. Unfortunately, there was no interest
for collaboration. The Middle Eastern countries have strong ties to the USA, with technical staff
having received training mainly there. Consequently, computational centers are often established
jointly with organisations in the US and technical expertise is provided through these channels.
Similar efforts to include computational resources from Middle Eastern countries3into the
LinkSCEEM-2 e-Infrastructure or to attract users failed for the same reasons.

Exploitation of training material
LinkSCEEM-2 implemented a very ambitious training program consisting of 2 annual major
workshops on cross disciplinary HPC related topics and three annual workshops focused on the
thematic topics pursued in the research work packages (Climate, Cultural heritage, Synchrotron).
This workshop program was complemented with numerous training events as part of regional
roadshows or technical training for system administrators. All in all, LinkSCEEM-2 organised 21
workshops and more than 30 other training events. The aim of these training events was 1) get new
users in touch with HPC technologies, 2) provide application training for HPC community codes and
3) provide basic and advanced training in parallel code development. The user support office setup at
CaSToRC and BA partly with LinkSCEEM-2 funding will be maintained beyond the end of the
project assisting new scientists to access the infrastructure.
It is clear that this level of face to face training activity cannot be sustained beyond the duration of
the project. It is nevertheless imperative to continue the provision of HPC training content in order to
support the emerging HPC community. Therefore, WP2 and WP4 collected all training material from
the workshops and made it permanently available online from the beginning of LinkSCEEM-2 to
ensure scientists have access to training resources. A major amendment of the LinkSCEEM-2
project, due to the cancellation of the connectivity upgrade between Cyprus and Jordan, allowed for
resources to be allocated to WP8 for the development of a sophisticated training portal. The portal
was developed by JSC throughout the 4th year and extension period of the project. The portal allows
video footage of training sessions to be combined with the presented slides for a more effective userfriendly presentation of the training material. More importantly, the portal also contains a highly
innovative embedded browser based HPC training environment where users can do the tutorials
described in the slides. For this, the training portal is linked to EUCLID, the HPC training cluster at
CaSToRC, and provides actual HPC access to users.
The training portal does not exclusively feature LinkSCEEM-2 generated content, but also contains
links to relevant on-line training material from other sources. This will help users to navigate through
the wealth of on-line training material by helping to focus on the relevant content. The online
training portal was heavily disseminated during the final LinkSCEEM-2 roadshows to ensure high
awareness in the regional user community.
The educational access program of LinkSCEEM-2 was also very successful. It is very important to
make HPC part of undergraduate and graduate programs of study. The provision of access to training
hardware supports lecturers across the region to include parallel applications into their curriculum.
CaSToRC pledges to continue the free access to EUCLID as part of the educational access program
beyond LinkSCEEM-2.
The provision of free online access to the LinkSCEEM-2 lectures and the LinkSCEEM-2 training
portal will enable the continuous exploitation of that foreground.

63

