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Science Meeting – Scientific Report
The scientific report (WORD or PDF file - maximum of seven A4 pages) should be submitted online within two months of the event. It will be published on the ESF website.
Proposal Title: Future Technologies in Automated Atomistic Simulations

Application Reference N°: PSI-K2 SM 5759
1) Summary (up to one page)
The ability to automate atomic scale simulations (AAS), particularly ab initio calculations that can treat any set of elements, is enhancing our ability generate materials and chemistry data by orders of magnitude. Presently there are significant efforts in many groups to develop the methods, tools, and databases to support and build on AAS, including workflow tools, materials data databases, benchmark databases, machine learning and data mining tools, and more robust simulation methods.  This ecosystem is transforming the amount and nature of available materials data, creating new opportunities in materials design, and changing the scale and way many simulations are performed. However, there is little communication between these efforts, limited awareness of other group activities, and few established best practices.
2) Description of the scientific content of and discussions at the event (up to four pages)
A few significant issues were raised as either obstacles or at least as sub-optimal aspects of how the field is developing.   These include
1. Redundancy:  There is significant duplication of tools, infrastructure, and services being developed among different groups.  This is partly to be expected and perhaps even desirable so that best practices and approaches can be developed freely.  However, it was felt that greater awareness of completed and ongoing efforts would benefit the community.  To help establish a stronger community some of the participants expressed strong interest in a regular workshop series, perhaps incorporating CECAM, Gordon conferences, or satellite meetings or symposia within larger meetings (e.g., the MRS biannual meetings).  Additionally, the already strong commitment to open source data and tools, including software support and documentation, should be encouraged to enable software and data reuse and integration.

2. Code heterogeneity:  It is clear that significant extra effort is required to develop tools and databases due the their being multiple atomistic simulation codes.  As unifying the simulation codes is likely impractical and undesirable, some in the community are adopting modular plug-in approaches in their code development to allow maximal reusability given this heterogeneity.  This modular plug-in approach should be encouraged for the community in general when practical.

3. Interface with non-expert users:  The explosion of new tools and databases is likely to make it difficult for non-experts, e.g., those not familiar with simulation tools and/or those not familiar with the community, to know where to go for the services they need (e.g., where to post data, what data to trust for what level of accuracy, where to find tools for automating their workflows, etc.).  This issue is somewhat inevitable as the field develops but its negative impact can be minimized by promoting a strong focus on documentation, error estimation, and communication to non-experts.

4. Data identification: There is a significant danger of data not being inter-relatable between databases (e.g., how do I know a structure is the same in two databases so I can compare its calculated properties?).   This issue could be addressed by a community effort to establish a minimum set of information to describe each system. This could be specified in a JSON identifier, perhaps building on the existing CIF structure format. In addition, a meta-database of what is available in different databases might be valuable, particularly if it can enable search across multiple databases from a single interface.  Such a structure identifier system would be particularly useful in enabling searching across databases.  The data identification problem can be further reduced if databases track provinence of data, e.g., so a final calculated structural property can be related back to the original structural coordinates, which might have come from the ICSD or a publication.

5. Success stories:  There is a concern that this nascent field needs to show some clear success stories to maintain its momentum.  In particular, these successes will most likely focus on the impact of the tools and data on the discovery of new materials.  There is already a web site from PsiK with a list of such stories (Highlight 122 from http://www.psi-k.org/newsletters.shtml ) and extending it as new results are obtained would be valuable for the field.  Some of these stories might be promoted through blogging high-impact papers, and Jan Jenson’s blog “Computational Chemistry Highlights” was suggested as a potential location for such commentary. 

6. Connection to industry:  There is an exciting opportunity for the new capabilities of automated atomistic simulation to impact industry.  To realize this goal is it essential to invite industry participants to workshops and conferences.  The industry representatives at this workshop were very engaged and their perspective highly valued.
Overall, many of the above challenges can be addressed by establishing a strong community that communicates well and frequently.  Specific actions taken by the workshop to promote this include

1. We have asked and obtained support of Jan Jenson to make use of his blog “Computational Chemistry Highlights” (many thanks to Alan Apuru-Guzik for his help in developing this).  Conference participants have already agreed to post highlights of key papers in the field to try to develop this as resource for informing the community of topical developments.

2. We have established a Twitter hashtag #compmat to tweet about important developments.

3. We have established a twitter account @compmater to help support dissemination via Twitter.
We have initiated planning of an annual workshop in this general field of computational materials/automated atomistic simulation/materials informatics.
3) Assessment of the results and impact of the event on the future directions of the field (up to two pages)
A number of large databases and data management tools have recently become available or will become available soon.  These will provide many new options for using and sharing data for researchers.  Furthermore, a number of high-throughput atomistic modeling studies are being completed or well underway that demonstrate the exceptional power of these techniques.  These studies are expected to attract significant attention and increased participation in the field.  It is also clear from these studies that machine learning techniques will play and increasing role in the field and that a strong cross-disciplinary connection with computer science and statistics will be valuable.  Increasingly, the tools in the field are being developed using the python programming language, which enables easy extension.  However, perl, java, C++, and other languages are still being used and must be included in the community.  In general open source codes and data are being promoted, which is extremely valuable for the community.
There are extensive needs of this community for computing, cloud resources, robust simulation tools, etc.  However, in most cases these resources are available and/or developing in an appropriate way through existing programs, provided the funding for general computational materials/chemistry continues to be strong.  One area where a change from the present path would be beneficial is the establishment of more high-throughput computing resources at large-scale computing centers.  These centers have tended to focus on developing tools for tightly coupled parallel simulation of very large systems (e.g., exoscale computing) rather than simulation of millions of smaller systems.  More support for the latter would accelerate what can be done with automated atomistic simulations.  In addition, there was significant discussion of the need to improve training for computational scientists, and in particular to help them develop the interdisciplinary skills from computer science, statistics, and data science that the new automated atomistic simulations field will require
4) 
Annexes 4a) and 4b): Programme of the meeting and full list of speakers and participants

Annex 4a: Programme of the meeting

Day 1 - June, 8th 2015

Type slot title here

· 08:30 to 09:30 - Registration

· 09:00 to 09:10 - Welcome

Independent software vendors - Dane Morgan

· 09:10 to 09:50 - Erich Wimmer 

· Automated Atomistic Simulations with the MedeA® Software Environment
· 09:50 to 10:30 - Kurt Stokbro 

· Virtual NanoLab, an extendible materials simulation platform 
· 10:30 to 11:00 - Coffee Break

Automated management - Nicola Marzari

· 11:00 to 11:40 - Jakob Schiotz 

· The Atomic Simulation Environment for automated atomistic simulations.
· 11:40 to 12:20 - Shyue Ping Ong 

· The Materials Project Ecosystem: A Complete Software and Data Platform for Materials Informatics
· 12:20 to 14:00 - Lunch

Automated management - Kurt Stokbro

· 14:00 to 14:40 - Giovanni Pizzi 

· The AiiDA platform for automating, storing, querying and sharing calculations, data and workflows
Dedicated Tools - Kurt Stokbro

· 14:40 to 15:20 - Saulius Grazulis 

· Sharing Computation Results about Solid Materials Using the Crystallographic Interchange Framework (CIF)
· 15:20 to 15:50 - Coffee Break

Dedicated tools - Erich Wimmer

· 15:50 to 16:30 - Joerg Neugebauer 
· PyIron – A Python Based Workbench for Automated Atomistic Simulations 
· 16:30 to 17:10 - Gabor Csanyi 

· Playing with atoms, models and databases: a user's perspective
· 17:10 to 17:50 - Jens Strabo Hummelshøj 

· Catalysis Data Warehouse
· 18:00 to 20:00 - Poster Session with cold buffet sandwiches

Day 2 - June, 9th 2015

Data-centric science I - Gabor Csanyi

· 09:00 to 09:40 - Stefano Curtarolo 

· Materials Cartography
· 09:40 to 10:20 - Chris J. Pickard 

· Ab Initio Random Structure Searching: an application of high throughput computation
· 10:20 to 10:50 - Coffee Break

Data-centric science II - Thomas Bligaard

· 10:50 to 11:30 - Boris Kozinsky 

· Automation and data tools for design and screening of materials for transport in energy applications.
· 11:30 to 12:10 - Georg Madsen 

· High-throughput evaluation of thermoelectric powerfactors
· 12:10 to 14:00 - Lunch

Database-driven science - Stefano Curtarolo

· 14:00 to 14:40 - Chris Wolverton 

· Accelerating Materials Discovery with Data-Driven Atomistic Computational Tools
· 14:40 to 15:20 - Thomas Bligaard 

· Mystery Talk
· 15:20 to 16:00 - Christian Carbogno 

· Challenges in Novel Materials Discovery (NoMaD) using Big Data Paradigms
· 16:00 to 16:40 - Coffee Break

Verification and Validation I - Boris Kozinsky

· 16:40 to 17:20 - Stefaan Cottenier 

· Bringing DFT codes back to the testbench: what did we learn? 
· 17:20 to 18:00 - Andris Gulans 

· Full-Potential LAPW as a Benchmarking Tool for Electronic Structure Calculations
· 19:30 to 00:00 - Social Dinner

Day 3 - June, 10th 2015

Verification and Validation II - Chris Wolverton

· 09:00 to 09:40 - François Gygi 

· Verification and Validation of First-Principles Molecular Dynamics Simulations
· 09:40 to 10:20 - Michiel van Setten 

· Automating the Next Level: High-throughput GW
· 10:20 to 10:50 - Coffee Break

High Throughput - Chris J. Pickard

· 10:50 to 11:30 - Alán Aspuru-Guzik 

· Billions and Billions of molecules: Molecular materials discovery in the age of machine learning.
· 11:30 to 12:10 - Hans-Peter Luethi 

· Quantum Chemical Modelling and the Search for Novel Materials: The Data Processing Step as a Key Challenge
12:10 to 12:30 - Closing Word
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· Stefaan Cottenier (invited speaker) (Universiteit Gent)
· Matteo Giantomassi (Universite Catholique de Louvain, Belgium)
· Michiel van Setten (invited speaker) (Universite Catholique de Louvain-la-Neuve)
Brazil

· Helena Maria Petrilli (Universidade de Sao Paulo, Instituto de Fisica)
China

· Xiaoyu Yang (Computer Network Information Center, Chinese Academy of Sciences)
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· Peter Bjerre Jensen (Technical University of Denmark (DTU))
· Jakob Schiotz (invited speaker) (Technical University of Denmark)
· Kurt Stokbro (invited speaker) (QuantumWise, Copenhagen)
Germany

· Christian Carbogno (invited speaker) (Fritz Haber Institute of the Max Planck Society (FHI), Berlin)
· Andris Gulans (invited speaker) (Humboldt-Universität zu Berlin)
· Georg Krugel (Fraunhofer IWM)
· Lothar Kunz (Robert-Bosch-GmbH)
· Georg Madsen (invited speaker) (Ruhr-Universität Bochum)
· Joerg Neugebauer (invited speaker) (Direktor Max-Planck-Institut für Eisenforschung)
· Lorenzo Pardini (Institut für Physik und IRIS Adlershof, AG Theoretische Festkörperphysik Humboldt-Universität zu Berlin, Zum Großen Windkanal 6)
· Benedikt Ziebarth (Fraunhofer-Institut für Werkstoffmechanik IWM)
Ireland

· Mario Zic (Trinity College Dublin)
Italy

· Daniele Bovi (Dept. of Physics, University of Rome La Sapienza)
· Huy Pham (SISSA)
· Francesco Ricci (University of Cagliari)
Japan

· Abel Carreras Conill (Kyoto University)
· Atsushi Togo (Kyoto university)
Lithuania

· Saulius Grazulis (invited speaker) (Vilnius)
The Netherlands

· Michal Handzlik (Scientific Computing & Modelling)
Switzerland

· Nongnuch Artrith (Swiss Federal Institute of Technology Lausanne (EPFL))
· Riccarda Caputo (ETH)
· Ivano Castelli (EPFL)
· Andrea Cepellotti (Swiss Federal Institute of Technology Lausanne (EPFL))
· Sandip De (EPFL)
· Teodoro Laino (IBM Research - Zurich)
· Hyungjun Lee (Swiss Federal Institute of Technology Lausanne (EPFL))
· Hans-Peter Luethi (invited speaker) (ETH Zurich)
· Andrius Merkys (THEOS & MARVEL, EPFL)
· Nicolas Mounet (EPFL)
· Riccardo Petraglia (Swiss Federal Institute of Technology (EPFL))
· Giovanni Pizzi (invited speaker) (THEOS and MARVEL, EPFL (Lausanne, Switzerland))
· Martin Uhrin (EPFL)
· Laurent Vannay (Laboratory for Computational Molecular Design LCMD - EPFL)
· Spyros Zoupanos (EPFL)
United Kingdom

· Robert Baldock (TCM Group, Cavendish Laboratory, University Of Cambridge)
· Enrico Berardo (Imperial College London)
· Gabor Csanyi (invited speaker) (University of Cambridge)
· James Kermode (University of Warwick)
· Chris J. Pickard (invited speaker) (University College London)
· Max Veit (University of Cambridge)
USA

· Thomas Angsten (University of California - Berkeley)
· Alán Aspuru-Guzik (invited speaker) (Harvard University Cambridge, US)
· Thomas Bligaard (invited speaker) (SLAC National Accelerator Laboratory)
· Stefano Curtarolo (invited speaker) (Duke University, Durham, )
· François Gygi (invited speaker) (University of California, Davis)
· Boris Kozinsky (invited speaker) (Robert Bosch Research Co, Cambridge)
· Cynthia Lo (Washington University, St. Louis, MO)
· Jonathan Mullin (Army Research Lab.)
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