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Abstract 

This White Paper reports on the identification of major socio-economic challenges and associated key community application 
codes as a part of application support within PRACE Third Implementation Phase project. Description of the sources of 
input, identification process, guidelines and the final selection outcome is included.  
 

1. Introduction 

This White Paper describes the process of “identification of the major socio-economic 
challenges and associated applications”, the first stage of application enabling support for 
HPC applications that address socio-economic challenges in the PRACE Third 
Implementation Phase (PRACE-3IP).  

The PRACE Projects are providing application support for Tier-0 and Tier-1 European 
HPC systems. Capabilities of these systems are constantly growing and the dramatic change 
from petascale to exascale is expected by the end of this decade. HPC application codes have 
proven its usefulness in a wide range of research applications and clear benefits to the 
communities have been identified. These scientific and engineering applications enable 
breakthrough research by simulating the problems in a significant scale and precision. Ever 
growing performance of the HPC systems and the applications opens perspective of solving 
the socio-economic challenges by both simulation and data analysis at the desired scale. 

 Increasing interest in addressing the socio-economic problems with use of HPC systems 
and tools is an effort in maintaining Europe’s competitiveness and innovation. These 
challenges are addressing the problems having substantial impact on human life and 
environment or areas that drive Europe’s economy competitiveness. Identification of the 
appropriate socio-economic challenges and associated applications is a first step in supporting 
these application codes and bringing the benefit to the user communities.  

The process that follows the selection and identification, concentrates on enabling of those 
applications or on bringing additional HPC expertise and support to solve particular, complex 
scientific problems. The standard procedures for enabling contain, among other things, steps 
like porting, performance analysis, code optimization, scaling improvement, validating and 
testing.  
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2. Selection Process 

The process for “identification of the major socio-economic challenges and associated 
applications” to be supported and enabled on European HPC systems was undertaken as an 
internal PRACE-3IP activity. Two steps for the process have been defined with an 
identification of socio-economic challenges representing the computational problems in the 
pre-selected scientific areas and selection of the associated applications codes addressing 
these challenges. It was also decided that the scope of the activity is to support only limited 
number of the applications associated with a representative subset of socio-economic 
challenges related to HPC.  

2.1. Sources of Input and Areas of Interest 

The PRACE Scientific Case [1] was identified as the primary source of input and main 
reference for scientific and computational challenges selection. Other input references 
included PRACE reports and deliverables and other European projects outputs, e.g., from 
EESI [2] and ScalaLife [3]. These inputs readily led to the identification of a number of 
computational science areas of socio-economic importance: 

  
- Climate, weather and earth sciences; 
- Energy; 
- Medicine; 
- Life Sciences; 
- Nano (Material) Sciences; 
- Engineering; 
- Big Data (Data Analysis). 

2.2. Selection criteria and challenges proposals 

Having general scientific areas identified contributing PRACE partners were given ability 
to share their expertise and define proposals that would conform to the PRACE Scientific 
Case [1] and address explicit socio-economic challenge. Due to the time limitations it was 
agreed to hold an internal call for proposals from PRACE partners. Guidelines for proposals 
on the challenges have been distributed across active contributors and discussed with a use of 
the standard PRACE collaborative communications channels including internal 
teleconference and PRACE internal wiki pages. It was agreed to organize internal 
presentation of the preliminary proposals on the face-to-face meeting before the call closing. 
Recommendations on the associated applications and feedback on the preliminary proposals 
have been gathered, actual criteria and the final time schedule for the internal call decided.    

It was noted that each of the proposals should offer the opportunity to contribute to a 
solution or means to move a particular scientific work onwards and contribute to the socio-
economic problems currently being tackled by the European scientific communities. The 
following criteria awarding the challenges and the associated application codes have been 
decided: 

 
 The challenge should conform to the PRACE Scientific Case [1] document for 

socio-economic significance. 
 The challenge should introduce novelty with respect to the already ongoing PRACE 

activities and other European projects.  
 The proposal should ensure a free availability of the associated applications and 

data. 
 The challenges should have clearly identified benefits for the community and 

related European applications.  
It was confirmed that submitted proposals will undergo evaluation regarding socio-economic 
relevance, scientific consistency and conformance with a defined criteria. Evaluation step was 
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introduced to assure proper selection of the representative set of challenges and the final list 
of associated applications. 

With the internal call for proposals 15 projects have been submitted identifying socio-
economic challenges and associated applications related to the following themes: energy 
sources and management (4 proposals), life sciences (4), climate change (1), medicine (2), big 
data (1), environment protection (1) and engineering (2).  It was confirmed that due to limited 
time and manpower only a limited number of application codes will be supported and the final 
list of challenges needed to be reduced. 

2.3. Evaluation and PRACE Scientific Steering Committee advice 

In order to assure transparency of the process, scientific significance and quality of the 
challenge proposals and associated applications, the advice of the PRACE Scientific Steering 
Committee (SSC) members was used. All 15 proposals from contributing PRACE partners 
were evaluated against the agreed selection criteria by a group of senior EU research 
representatives being members of the SSC. Adequacy of the selection criteria has been 
confirmed and their remarks and advices on the final selection were received. Using the 
evaluation results ranking of the submitted proposals has been created.  

The feedback from the SSC members and proposals ranks was forwarded to the proposals 
authors and ability to explain misunderstandings has been given. Ranking results have been 
discussed and details of the evaluation distributed across the collaborators with 
confidentiality. Time schedule for a final selection have been agreed and possibility for 
complaint on  the evaluation has been given.   

Since only a limited number of applications addressing proposed challenges were 
considered to be supported by PRACE-3IP, a compromise between supporting all relevant 
socio-economic areas and assuring the adequacy and quality of the challenges has been found. 
The most ranked projects have been marked for selection and remaining positively evaluated 
projects have formed queuing list. As a result of the selection process a total number of 8 
projects and more than 10 application codes have been selected from the original list of 15 
submitted proposals. Additionally the queuing list of 4 projects has been selected identifying 
the quality and relevance of these projects. Projects from the queuing list received suggestion 
to proceed with an application for PRACE Preparatory Access support. 
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3. Selected Challenges and Associated applications 

The selected list of socio-economic challenges includes following projects: 

3.1. Impact and optimum placement of off-shore energy generating platforms 

Application area:   Renewable Energy, Environmental Science 
Main contributor:   STFC Daresbury Laboratory, UK 
 
The project proposed by STFC Daresbury Laboratory in UK deals with the simulation of 

the placement of marine and wind turbines in coastal waters. Large-scale calculations will be 
performed to assess the near and long-term impact of marine and wind turbine farms on local 
and distant coastal waters, with special focus on sediment morphology. The performance of 
the 3 fully-coupled TELEMAC [4] modules – TOMAWAC, TELEMAC-3D and SISYPHE – 
will be tested at very large-scale. This has not been done before but is necessary to understand 
local (1-10m scale) and distant (10-100km) impact. 

3.2. Computer-Aided Drug Designing 

Application area:   Molecular Modeling 
Main contributor:   SNIC-LiU, Sweden 
 
In molecular modeling, docking is a method to predict the preferred orientation between a 

large protein molecule and a smaller potential drug molecule. Frequently, a so-called scoring 
function is used to model the strength of the molecular interaction between protein and 
molecule. However, even the most state-of-the-art scoring functions still determine the 
electrostatic part of the interaction from classical point-charge models, due to substantial 
computational cost. Now, with the advent of cutting edge Tier0 systems in Europe, it becomes 
possible to conduct a more ab-initio based evaluation of the protein-drug molecule interaction 
energy, for example by using electrostatic potentials from ab-initio methods. The ultimate 
goal of the project coordinated by Linköping University (SNIC-LiU) from Sweden is to 
enable and improve the LSDALTON/DALTON [5] application code for large-scale, ab-initio 
docking simulations. The project will investigate the main bottleneck for ab-initio electronic 
structure calculations on Tier-0 level systems and enable/improve the DALTON/LSDALTON 
[5] code for better scaling. The project will be performed in close contact with Dalton 
developers and the ScalaLife Project [3], which uses the DALTON code as one of the main 
applications. 

3.3. Enabling scalable highly parallelized MD simulations with non-periodic 
boundary conditions and arbitrary geometry 

Application area:   Molecular Dynamics 
Main contributor:   NCSA, Bulgaria 
 
Molecular dynamics (MD) is widely used method in computational sciences for a broad 

range of applications. This project, coordinated by NCSA from Bulgaria, is focused on an 
adequate account for long-range electrostatics in systems with non-periodic boundary 
conditions and arbitrary geometry (biomolecules, membranes, surface chemistry, epitaxial 
slab builds, zeolites). The aim is an essential reduction of computing time for large-scale 
molecular-dynamic (MD) simulations applying the fast multiple method (FMM). Considered 
enabling task is an implementation of solver using FMM method in the DL_POLY_4 [6] 
application code to achieve significant scaling improvement on very large complex systems.  
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3.4. Sustainable food production through fisheries and aquaculture 

Application area:   Data Analysis, Genomics 
Main contributor:   UiO, Norway 
 
Establishing and monitoring genetic diversity of cod and salmon stocks in relation to 

fishing pressure, detection of fisheries induced selection and enabling sustainable aquaculture 
by genetically assisted breeding are of high importance for many countries. 

Associated methods are applicable to other species and therefore have significant socio-
economic impact. Focus of the project coordinated by University of Oslo from Norway is to 
design scalable workflow that will scale from 1 genome to 1000 genomes and be applicable to 
computing genomic variety based on short sequences, statistical analysis using genome-wide 
data across many individuals, integration of phenotypic measurements, population dynamics 
and climate data and clustering genome-wide information. Workflow includes a number of 
following application codes: BWA [7], SamTools [8] for scalable short sequence alignment for 
variant detection and MUSCLE [9], ClustalW [10], RAxML [11] for multiple sequence 
alignment for clustering and phylogenetics. For a multidimensional analysis R statistics 
package [12] is considered. 

3.5. Multidiscipline Simulations for Aircraft Designs 

Application area:   Aeronautics and Engineering 
Main contributor:   JKU, Austria 
 
The design process within aeronautical industry very often suffers from a gap between 

aerodynamic design and structural design.  In order to further improve existing designs, 
especially wing designs in combination with high-lift devices; it is inevitable to have fluid-
structure coupled high-fidelity simulations available. The goal of this task is to demonstrate 
how HPC is a substantial contribution in accomplishing such types of simulations. Work 
within this task will concentrate on demonstrating a high-fidelity simulation with fluid-
structure coupling based on an integrated simulation model that allows covering multi-scale 
analysis, ranging from detailed phenomena (boundary layer) to global properties (aeroelastic 
deformation).  

Focus of the project coordinated by JKU form Austria is the development of an efficient 
and robust coupling interface between the computational fluid dynamics (CFD) code and the 
computational structural mechanics (CSM) code. Identified associated application codes are 
OpenFOAM [13] for the CFD computations and Elmer [14] package. Both applications are 
state-of-the-art simulation systems and are available under public licenses.  

3.6. Big Data for Machine Learning 

Application area:   Large Data Analysis (Big Data) 
Main contributor:   Bilkent University, TURKEY 
 
One of the novel research areas with a wide applicability to social sciences is large datasets 

analysis (“Big Data”). Methodology used includes not only data-driven approach but new 
tools and programming paradigms. Project exploring possibilities related with Big Data and 
HPC ecosystem has been proposed by Bilkent University (UHEM-Bilkent) from Turkey. Aim 
of the project is to test scalability of fundamental data mining approaches used for a variety of 
problems and explore/enable processing of terabytes of data on hundreds of computing nodes. 

Applications identified in this area are Pegasus [15] library for parallel graph mining and 
Mahout [16] library for parallel machine learning. Both codes are open-source and using 
Apache Hadoop platform implementation of map/reduce paradigm. Project will focus on 
applicability of Map/Reduce on supercomputers for analyzing freely available large data 
collections. 



6 

 

3.7. High Resolution Climate and Atmospheric Chemistry Modeling 

Application area:   Climate Chemistry 
Main contributor:   CaSToRC, Cyprus 
 
Atmospheric chemistry has a huge socio-economic impact, affecting, e.g., climate change, 

human health and agriculture. Simulations help to prevent unfavorable trends and to adapt to 
changing environmental conditions. Identified application suite addressing these problems is 
the ECHAM/MESSy Atmospheric Chemistry model (EMAC) that couples the global climate 
model ECHAM [17] with the Modular Earth Submodel System (MESSy) [18].  The latter 
integrates into one software environment a large number of models describing physical and 
chemical atmospheric processes. Among them, the MECCA submodel (Module Efficiently 
Calculating the Chemistry of the Atmosphere) is used to calculate the tropospheric and 
stratospheric chemistry.  

Atmospheric chemistry processes is one of the most computationally intensive tasks and 
higher resolutions and accuracy modelling needs higher numbers of cores or acceleration. 
Main goals of the project, proposed by CASTORC from Cyprus, are to take advantage of 
recent and forthcoming petascale machines to significantly increase the model resolution. 
More specifically, the objective is to exploit GPGPU accelerators on hybrid HPC systems. 

3.8. Multidisciplinary modeling for interactive design of lakes 

Application area:   Environment Protection 
Main contributor:   SURFsara, The Netherlands; CINECA, Italy 
 
The design process of a lake and its environment needs an interactive approach in which 

different aspects (economical, engineering, recreational, safety for flooding, ecology) from 
different stakeholders can be combined. For this purpose, for Lake Marken in the 
Netherlands, a multidisciplinary-coupled model exists. Current simulation runtime for a 
scenario with the model is four days and interactive sessions (that combines drawing 
measures with calculations effects with the model with stakeholders) are not feasible yet. 

Aim of the project coordinated by SURFsara from The Netherlands is to enable interactive 
lake design sessions by reduction of runtime from 4 days to 1 hour. This includes 
parallelization improvements of the coupled models Delft3D-FLOW and Delft3D-WAQ [19] 
and the coupling between the Delft3D [19] submodels. 
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