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Multiscale Materials Modelling on High Performance Computer Architectures

Summary: With the accelerating materials development cycles, the development of simulation
approaches for predictive, de-novo characterization and optimization of materials and device
properties emerges as a grand challenge to European R&D. A unified multi-disciplinary
approach towards the deployment of models, tools, algorithms and simulation and visualization
techniques is required to transform isolated solutions for specific problems into comprehensive,
industry-ready platforms, which are capable of predicting the properties of complex materials on
the basis of their constitutive elements. While many techniques exist to address the specific
questions, a lack of integration of the existing methods into readily available multi-scale
modelling platforms has to date limited the impact of materials-modelling techniques in
materials design. In this project we will develop an integrated e-infrastructure for multi-scale
materials modelling (MMM@HPC), where expert groups unite with computational resource
providers to deliver an integrated infrastructure for multi-scale materials modelling.
MMM@HPC will be an open platform to integrate of existing software modules into
customizable, high performance protocols and workflows.

Objectives: We will provide the European research community with a leading edge software
infrastructure to exploit the highest quality software and computational resources; enabling
Europe to address the emerging grand challenges in materials science and engineering.
MMM@HPC will strengthen Europe's international role as software provider and nucleate a
unified community of computational scientists to address emerging computing needs of the
research community with a very efficient, evolving research tool. The project will demonstrate a
direct impact towards solving visible European R&D challenges in the areas of energy storage
(Li ion batteries), energy conversion (organic light emitting diodes), carbon based devices for
electronics and polymer based electronics.

Action plan: The work planned consists of networking activities (management, dissemination
and user training), provision of services for the consortium and the user community as well as
R&D activities including development of modular components to interface simulation codes and
application workflows that will be demonstrated in proof-of-principle simulations.

Networking activities: We have an efficient strategy for management of the resources,
coordination and monitoring the overall work progress of the project, financial reporting, and
administrative coordination. In particular, the coordination of joint activities of resource
providers, software developers and application partners is a challenge. In the dissemination work
package we present the project MMM@HPC in
international conferences; organize workshops
vl ol for the scientific community in the field of

loms| multi-scale material simulation to gather
participants from academia and industries.
Workshops will be held with the mid-term
review meeting and the final review meeting;

. ‘ we release of the developed software in
Providl l O foreground under an open-source license;
publish  scientific  results achieved in

MMM@HPC in scientific journals with a high
impact factor. The project’s web portal monitors projects progress and provides sections for
news, announcements, documentation and for download of software and documentation. Our
user training programme addresses the broad community involved in computational material
sciences on topics covering the applications and the methodologies investigated in the joint
research activities.
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Software CEA, Umons, STFC,
Providers KIT,UPA, CSC

Service activities: The supercomputing centers provide access to grid services and assignment of
HPC resources for the proof-of-principle simulations. In addition, the workflow system with
integrated services will be provided in the context of the existing production grid environment.
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A GridBean deployment service will be available to discover and include developed interfaces
into application workflows. In later project phase this will be continued as maintenance of the
provided infrastructure and services. We prepare manuals for internal and external use; online
documentation with instant help; and creation of tutorials and users’ guides. To efficiently
utilize the performance of the various computing architectures and to improve scalability for
large-scale applications the individual simulation packages will be optimized and parallelized. In
the WP SA4 will provide users with the support mechanisms to utilize the supercomputing grid
infrastructure of this project in a rapid and efficient manner. There will be one single interface
for users, providing a central point of contact to exploit the pool of expertise in the partner
institutions. This will provide user registration, resource management and accounting, and a
single help desk for all users. Support will be provided to the existing user community as well as
for newcomers on using the MMM@HPC infrastructure to perform multi-scale materials
simulations. Our service activities underpin joint research activities ensuring rapid uptake of the
applications, technologies and tools in all these activities.

Joint Research activities: Complex simulation protocols including multiple steps to treat
different size- and time-scales will be described in the form of generic workflows. Reusable
application interfaces will be implemented as
length reusable components (GridBeans). For the
mm EoniCiuistntiaion simulation workflows the UNICORE workflow
e services will be deployed. Our concept ensures
um transferability and general applicability of the
(B sl Siufation developed simulation services.

" | [(Mzmatetion Organic Electronics: The growing field of
organic electronics exploits organic
components in multi-layer devices such as
light-emitting diodes, solar cells, field-effect
transistors, sensors and storage devices.
Multiscale materials modelling techniques will be used to understand and optimize charge
transfer through such materials in close cooperation with the EU project MINOTOR.
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Molecular Electronics: Basic research on molecular electronics has led to significantly improved
understanding of the function of nanoscale electronic devices. These fundamental insights have
yet to be translated into functioning units in the context of existing microelectronics. Here
multiscale simulations, which we undertake in pre-competitive research in cooperation with
Sony Europe, will be used to optimize device properties for polymer-based microelectronics
units for realistic applications.

Carbon Molecular Devices: Increased energy efficiency and higher speed requirements boost the
search for alternatives to the current silicon based technologies, such as carbon based nano-
devices. Engineering the devices needs to be done also computationally in order to make design
cycle faster and more efficient.

Li-lon Batteries: Energy storage for stationary and mobile applications has emerged as a key
research area for the competitiveness of the European industry and central to reaching key
environmental goals of the member states of the European Union. Simulation based predictions
have helped to increase device performance in basic research by more than an order of
magnitude even in 2009, opening the way for many novel applications. In this part of the project
we will develop a simulation platform to support European industry in reaching key R&D goals
before their competitors in the US and Asia.

User communities: Communities of researchers from academia and industry, such as
computational and applied nanomaterials science, have motivated MMM@HPC to perform
actions to lower the existing barrier for these communities to HPC and e-infrastructures. Our
partners coming from these communities will perform proof-of-principle studies demonstrating
the efficiency of the developed infrastructure and added value for the industrial community.

International aspects: We teamed up a consortium of partner institutions from Europe and
Asia. We work together with further international projects, in particular in aspects related to
underpinning e-infrastructures.
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