19" aearrren 9107 ¥Od4 S3AILD34SHAd
19 e (grpsodosd 104 SHED 03 392[GNS 10U) SNOLLDY ¥3H10
Bt SBINIINIISEIUI-D 1O} SUOISSI0Id MBU pue S|ipis ;7T didoL

uoiessdood jeuoneulalul pue Juawdojanap Adjod 111 oidol

..Awm>v SIUBWILOIIAUR YDJBISTI |BNLIIA J0) SSUNIONIISELUL-D 10T adoy

G e TP e AR e | NYID 160101
ZG e e sa st s araeen s SING JOJ SOAURY BIUSIBAWIOT JO HIOMIBN 8 Jido L

A0vYd (2 odoy

suoiiedydde Burindwod 40 3dUB{[RIXY JO saaud) (g d1doy

JET OO PUUROTPRUSTIUOTOOOIN I se319s e3ep AJUNWWOo?) g aidoy
gl SBUNIINIISELU(-D 1O} SBIIAIDS SUOIIRIRAQ DIseg pue BU0)) Jo uonesdauj iy aidot
72 *$RINIoNIISEALUI-D Blep Bqo|S spiemo] (g iidoy
(0] 2N oo plep yodeasad 81g yim Sunndwoo pue Buinasasd ‘Buieue 1z oidoy

$59200Yy UadQ Joj ainpnasesu-o i1 2idoj

QE et e gl IMINUISEIUE-D PASEG-1D) 0 Uonelado pue Judwhojdep uswdoprag

STV

cg

"+ 9107 YO4 SIALLIIISHId

GE T uoplesiueSIO dWWweIS04d 82UBIDS J2IIUOLY UBWINE [BUOIRUIBIU| BY ),

2

‘g

1ed

v

Srbesesmennes s €5 TSN 1SRALU] YDIRBSIY T

o)

G¢ {siesodosd 40} s|jeo 01 103[gns 10U} SNOLLDV HIHIO - "9
EE T s sanGIAT 88ESM JdH MaN 12 dido]

*21eM)0S JuawaBeueiy WS1sAs g owdo ).

T e

et A9918118 JdH 2Y3 10§ UOIIBUIpI00) 1§ dido

Te 2 6100 [ PUE JURUIUCIIAUT mcwrcc(_m‘_mo.h& tpodoy
QE T mEmum\»m 91EDS 2WIBAIXT BUNIN 04 SIdY U,:m Sa0RLA| IS UMQOF
og’

swiapeld 0/1:Z 21doL.

62" ' swuogield Sunndwoy sz oido]
6z ™ BJRISEXD SPIEMOL IdH — ddd Sunndwio) sauewiopad ysiy jjen
[T —— s sdliegeld 134 841 04 poddng € 21doy.
pz rreereerene 11090014 Ulesg UBWIAH 17 DidoL
1z

suaydeso :p-o1do)
gz e saBusiiey Aojounpal pus pauRias Adeuidasipiaiul puesd Zuippel - sdysed- 134 HED

L e s SNATOY L00ANG PUE UOHRUIPIOSS 0T 21doL
m‘ﬂ trevrrressaren Nrereneraane Crraressesarieiiiaseaases [ETTTTTerN .........................2....Ammwv mUCW_Um wEwa>w ~NQO_® m U_QO'_u

*$2190[0UY2] WUy :goido)
91" * $901AOP [e1URYDBW-03d() BleIsoueN :£ dldoL
Jp— s 53130]0UY3) [€9130]003 19 1001
P — eeeeereeees e o SUS0 DU FUI0D FUMGUN, S I1d0L
R — e 33e4 19301 ATISIUISY3-O1G-OUEY 34316 SORINQISSOT MON-: 101

uorlonilsuo) dn-wionog sandepy g oidoy

Qp e e e e e et eR e e ea e eme e SISOIGWIAS BAIIONIISUON 17 D0,
e . s s U104 QW) (T 0L

L SRIPUMMLIOD pug sawsL) Buisewe Buuniinu - 3aNRE0Id- 194 118D

S seapi [paou Suuelso)- uado-134 11eD

g STV W
g sa18ojouyeay Jwdowy pueaiming "1

1020 €7 - 3fpap

9JUSIDS E@:muxm - 1Med
G1-¥107 dWWeIZ0.1J HI0M



Future and Emerging Techriologies (FET) aims at radically new technologies by exploring
novel and high-risk ideas building on scientific foundations. It promotes research beyond
what is known, accepted or widely ‘adopted and fosters novel and visionary thinking to open
promising paths towards powerful hew technologies, some of which could develop into
leading technological and intellectual paradigms for the decades ahead. This approach is be
driven by ‘excellence and exteénds to exploring pre-competitive ideas for shaping the future of
technology.: enabling society to benefit ‘from multi-disciplinary research: collaboration that
needs to be engaged at European levél by making the link between research driven by science
and research driven by societal challengesor by inidustrial competitiveness.

FET will be realised through three lines of activities: >

o ~FET Open supports embryonic’ science -and technology research - exploring new
foundations' for radically new future technologies by challenging current paradigms
and venturing into unknown aréas. A’ bottom-up selection process widely open to any
research ideas shall build up a diverse portfolic of targeted projects. Early detection of
promising new areas, developments and trends, along with attracting new and high-
potential research and innovation players, will be key. .

o FET Proactive will nurture emerging themes and communities by addressing a
number of promising exploratory reséarch themes with the potential to generate a
critical mass of inter-related projects that, together, make up a broad and multifaceted
exploration of the themes and build a European pool of knowledge.

o FET Flagships supports ambitious large-scale, science-driven research aimed at grand
interdisciplinary S&T challenges. Such activities will benefit from the alignment of
European and ‘national agendas, and provide a strong and broad basis for future
technological innovation and economic application in a variety of areas, as well as
novel benefits for society.

Across FET the following principles will be uised to guide the scope of all FET activities:

=~ Long-term vision: the research proposed must address a new, original or radical long-
term- vision of technological ‘possibilities that are far beyond the state of the art and
that are currently not anticipated by existing technology roadmaps or their expected
uses in ‘society,

= S&T targeted: the research proposed targets concrete breakthroughs in science and
technology that ate arguably crucial steps towards achieving the long-term vision and
that are plausibly attainable within the lifestime of the proposed project.

=~ Foundatienal: the breakthroughs that are envisaged are foundational in the sense that
they can establish a basis for a new kind of technology not currently anticipated.

-~ - High-risk: the technological directions proposed are complex in the sense that their
potential depends on a range of factors that cannot be apprehended from a single
disciplinary viewpoint. Thus, this high-risk is countered by novel concepts and ideas,

and by a strongly interdisciplinary research approach, where needed expanding
beyond the strictly technological realm

Novelty: the research proposed finds its plausibility in new ideas and concepts, rather
than in the application or incremental refinement of existing ones.

Interdisciplinary: the proposed collaborations are interdisciplinary in the sense that
they go beyond current mainstream collaboration configurations in advanced science
and technology research, and that they aim to advance different disciplines together
and in synergy towards the S&T breakthrough.

Within this interdisciplinary setting, the proposed research will have a crucial Information
and communication science and technology research component
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Call FET-Proactive - nurturing emerging themes and communities

Novel areas and themes need to be matured, by working towards structuring emerging communities
and supporting the design and development of transformative research themes. The main benefits of
this structuring yet explorative approach are emerging novel areas that are not yet ready for
inclusion iniindustry research roadmaps, and building up and structuring of new interdisc plinary
research communities-around them. It makes the step from collaborations between a small number
of researchers, to a cluster:of projectsthat each address aspects of a novel research theme and
exchange ideas, concepts, research results and first proofs of concept to jointly explore possi
for future technologies.

FET Proactive initiatives have the following dual strategic objectives:

e . An‘exploratory objective by stimulating the exploration of a variety of directions by building
up critical mass of researchers and groups-around promising emerging themes.
Encouragement of new inter-disciplinary collaborative explorations of a new area.

o A'pathfinding objective by aiming at translating science into concrete technological
directions by projects that build on proofs-of-concept and, while sti high-risk, want to take
themto a next level of development and consolidate a technological directions that are
mature enough for hand-over (to LEIT, societal challenges, FET Flagships, industry,...)

Nine candidate topics have been identified for funding under this work programme:

Time for Time

Constructive Symbiosis

Adaptive bottom-up:construction

New possibilities at the nano-bio-chem interface
Knowing, doing and being

Ecological technology

Exploiting light-matter interaction

Quantum technologies

Global Systems Science

O 00N OV UL IS W N

Topic 1: Time for Time

Specific Chollenge

In most of the modern sciences and technologies, time is mainly considered as the background with
respect to which processes are measured. In contrast, the primary goal of this initiative is to focus on
time itself and to explore the implications for future and emerging technologies. A deep
understanding of time in physics has been fundamental for modern technologies. For example, the
current global navigation technologies reach unprecedented precision only thanks to our
understanding that the rate of the passage of time at the satellites' altitudes is different from the
rate of passage of time on the Earth surface. But apart from physics, there are several more
disciplines that are concerned with time —phi osophy, psychology, history, geology, computer
science, biology and neuroscience — not to mention arts like literature, cinema or music. This points
at many different motivations and methods to study and use time — often at vastly different scales
and levels of abstraction. What can be learned from this in terms of future technologies to, for
instance, understand, measure, model, program, manipulate, stop, create, invert, mu iply, perceive
or differently experience and use time in its multiple manifestations? This initiative seeks to explore
new technological possibilities deriving from these multiple notions of time.

Lcope

Projects should focus on some of the following topics:

e Study temporal information processing and our cognitive functioning with respect to the
perception and experience of time. Develop models and technology to measure and
manipulate the perception and experience of time. Investigate and demonstrate implications
from time perception and some degree of control thereof in technological systems like in
robotics, virtual and augmented reality or cyber physical systems.

e Investigate different subjective notions of time and their relationships as they occur across
different time scales, or how they vary according to cultural, contextual and personal
differences, as emphasized by anthropology or the study of time related pathologies.
Develop techniques for encoding such different notions of time in computing, modelling and
simulation languages that can deal with different time spans (e.g., from real-time reactivity,
over biological or bio-dynamical rhythms, to diurnal or longer cycles of use and repetition).

e Understanding and exploiting the properties of time at shorter time scales, beyond the
currently accessible. Search for the manifestation of quantum effects at very short time (and
space) scales. Investigate the impact on quantum information theories.

® Revisit the fundamentals of time, for example from the concept of time as an emergent
entity, considering time as a thermodynamics process and studying the relation between
time and entropic processes.

e Study of the role of time at vastly different time scales, from quantum world processes to the
age of the Universe, and investigate the relation to the different biological processes and its
impact on the human being (e.g. at the biological or psychological leve
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@@ﬁ? 3: Adaptive Bottom-up Construction

Specific Chollenge

This initiative aims to explore techniques and methodologies for bottom-up design, manufacturing,
and construction of materials and physical artefacts at various size scales, ranging from the nano-
scale (e.g. atomic, molecular, cellular) up to macro-scale. The long term goal is to achieve growth or
self-assembly of such artefacts, possibly in a scale-invariant way. Inspiration can be found from
biological processes like morphogenesis or epigenetics, or in the study of self-organisation,
adaptation or evolution in order to design and assemble complex functional materials, artefacts or

larger complex structures in cost-effective, reliable and adaptive ways, under relatively affordable
conditions (cost and others).

Scope

Proposals are expected to address a combination of the following topics:

s Understand the theoretical aspects of interaction and dynamics among various physical

s and ‘across different physical scales, and their role for achieving certain capabilities,
functionalities and properties at aggregate level, such as safety, robustness and the ability to
continuously adaptand learn.

s -Explore and experiment self-assembly of under-actuated/un-actuated entities that can
aggregate or reconfigure in a non-random purposeful manner, integrating strategies of
growth;: development or “evolution' to continuously adapt to changing conditions or
requirements. This includes new composite, adaptive and reactive materials, bio-materials,
and artefacts from nano to macro scales.

o Develop multi-scale modeéls and simulation strategies and experiment methods for bottom-
up building of macroscopic structures with complex architectures and characteristic features
from'nano'to 'macro ‘levels starting from the controlled assembly of selected building blocks

to create new functionalities ‘and truly adaptive materials and systems able to respond to
their environments.

Expected impuct

o ‘Advanced multi-functional self-composing and self-healing materials with excellent structural
/“mechanical and durability properties that could be used in innovative construction in the
future,

o - New modular and self-reconfigurable artificial systems of various scales; that can develop,
adapt and learn from their environment )

o - New self-assembled ‘and/or adaptive bio dnd nano-electronics systems for new forms of
computing, biomedical applications (drug delivery, hyperthermia therapy), nanosensors (air
security), and others:

¢ - Create artificial biological entities and machines such as molecular assemblers able to sense
and manipulate individual molecules and atoms by assembling living things from the bottom
up.

instruments, funding level, budget: budget XX Mg

11

CP, funding level: 100%, budget xxM€

12
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Topic 6: Ecological technologies

Specific Chollenge

The aim is to explore new ways of avoiding overall environmental impact of technologies, by seeking
new holistic paradigms for future mass-technologies. This should go well beyond incrementatly
reducing impacts along asingle dimension (like energy consumption or use of materials).

Scope

Projects will address at least one of the following topics:

e -new conceptual frameworks, design and life-cycle approaches that take ecological and
sustainability concerns to the limit, including aspects of fitness for purpose {for instance pro-
simplicity and slow technologies), use and reuse (includes a socio/economical dimension like
from eco-incentives), flexibility of functionality, noise, change over time, reliance on what is
available " from other devices or from the environment (‘functionality scavaging'),
serviceability, gentle degradation, toxicity, etc.

e demonstration of zero negative impact devices along multiple dimensions like energy,
material footprint {(common instead of rare), locality of resources, social impact from use,
end-of-life, quality of use, stresses, etc.

¢ techniques to measure, model and predict the negative impacts of mass deployment of
ubiquitous :technologies at various market and time scales, and to quantify their 'eco-
scalability' properties and trade-offs

Expected impuct

e New approaches to various ubiquitous technologies (e.g. ICT, nanotechnologies, novel

materials, energy technologies) and infrastructures to reduce their potential long-term
negative impacts. -

proof-of-concept of functional near to zero negative impact devices that are meant for large
scale consumption or deployment

Increasing awareness of eco-scalability issues and afternative design approaches in industry
and society.

instruments, funding level, budget: budget XX M€

CP, funding level: 100%, budget xxM€

The second scope bullet can be partially implemented using the prize instrument (will require a
separate topic in'the WP).
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Topic 7: Nanoscale Opto-mechanical devices

Specific Challenge

The various interactions between electromagnetic and mechanical degrees of freedom in nano-scale
systems are beginning to be understood, for instance from research in cavity optodynamics, and
have been delivering a lot of basic science results, both in the classical and in the quantum regime
{e.g. for realising a quantum ground state through optomechanical cooling). This initiatives seeks to
explore the technological implications, towards new components and systems that outperform
current technologies and that can be envisaged for practical usage.

Seope

Proposals are expected to address a combination of the following topics by an appropriate mix of
theory development, simufation and modelling, and proof-of-concept development:

e Achieve practical generation, manipulation, control, and readout of nanomechanical motion
in a broad range of frequencies including high frequencies, using electromagnetic radiation
rather than electrical signals;

Build integrated devices containing mu iple nanoscale mechanical and optical elements,
allowing to play with light and sound in independent as well as in coupled ways.

Establish new possibilities, for instance to exploit integrated nano-optomechanical devices as
optical nonlinearities for silicon photonics, for novel electro-optic interfaces to link nano-
electronics with nano-optics, for efficient single-photon IR detection, for small-scale
mechanical to electrical/optical energy conversion, the use of optical levitation or of
transformational techniques in both the optical and acoustic domains,

Expected impuact

Project will contribute in concrete terms to achieving at least one of the following impacts:
e New devices and device functionalities (e.g., metrology, storage, switching) in unexplored

frequency domains that outperform exi ting devices in terms of key performance
characteristics.

Practical feasibility at room temperature from using light instead of electrical signals for
manipulating mechanical degrees of freedom

New basis for future photonics technology and opto-electro integration at the nano-scale.

Projects will also contribute to build-up of core competence in the new material science and
processing techniques needed, which is a crucial asset for European leadership in this area.

Instruments, funding level, budget: budget XX M€

CP, funding level: 100%, budget xxM€
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Topic 10 Coordination and Support Activities
[TO BE REFINED STILLY

Specific Challenge

This objective groups all coordination and support activities under FET

Scope
o stimulate dialogue on emerging science and technology
e structuring emerging themes and communities at the European level
- o enhance visibility of the results towards impact and innovation
-

analysis for pathfinding future technological directions

Expected impect

e Establishing FET as a credible actor in the S&T landscape
¢ Impact on long-term innovation potential in Europe

instruments, funding fevel, budget: budget X0 M€

CSA, funding level: 100%, budget XXME

19

Call FET-Flagships - tackling grand interdisciplinary science and

technology challenges

FET Flagships are science-driven, large-scale, multidisciplinary research initiatives oriented towards a

unifying goal, aiming at transfo
for European competitiveness
ambitious in terms of scientific
cooperation among a range o

mational impacts on science and technology and substantial benefits
and society. The goals of such initiatives are visionary and highly
challenges, resources required and coordinated efforts. They require
f disc es, communities and programmes, extending over a long

period (in the order of 10 years duration). FET Flagships are based on partnerships that enable

effective coordination of efforts.

A call in 2013 (FP7-ICT-2013-F

ET-F) selected two FET flagships, Graphene and the Human Brain

Project, which led to a ramp-up phase starting October 2013. The following objectives aim at

supporting  the continuation of the two initiatives  after this

ramp-up  phase.
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o strengthening of the interfaces between ICT, material science and other disciplines
o realisation of the fully operational phase of the FET Flagship Graphene

Instruments, funding level, budget: budget XX e

a): CP.{one project only)
b): CP (around 4-6 projects)

Funding level: xx%, budget *XME
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Topic 2: Human Brain Project

Specific Challenge

Proposals should address the grand scientific challenge of the Human Bran Project flagship,
continuing the work of the ramp-up phase along the Common Research Roadmap. Proposals should

be justified in terms of expected scientific advance, potential technological breakthroughs and socio-
economic impact.

a) One project with a duration of 48 months ("Core Project"). Proposals should describe core
research tasks, based on the common research roadmap, as well as how they will establish and
maintain a contractual framework for collaboration with other projects and initiatives based on the
work done during the ramp-up phase. This framework needs to ensure a proper coordination and
integration of all the research activities that contribute to the FET Flagship. The governance to be put
into place needs to ensure effective management and appropriate representation of stakeholders.
Specific topics to be covered in the Core Project should include:

a. Further development of the models, simulators and building tools for the brain simulation
platform, regarding collaborative brain reconstruction and simulation, and enhancing them
to cover the mouse brain.

b. Further development of the HPC platform, regarding middleware for remote visually guided
interactive supercomputing; enhancement of the processing and memory capacity to
support dynamic multi-scale brain model reconstruction and simulation.

¢ Maintenance and availa

ty of the 4 other HBP platforms' environment and architecture, in
coordination with their further elaboration in complementary integrated projects.

d. Providing (i) the coordination of the flagship fleet of complementary IP projects, (i) the
governance of the wider flagship programme covering other projects and initiatives, and (iii)
the collaboration of the programme with other initiatives or programmes in Europe,
international or in other continents.

e. Ensuring the coverage of all the flagship activities, in the core and complementary EU funded
projects, with activities fostering innovation, dissemination, ethics and societal aspects.

b} Projects that complement the Core Project ("Complementary Projects”). Proposals should be
aligned with the Common Research Roadmap of the FET Flagship and contribute to the goals
formulated in this roadmap and to the unifying goal of the Flagship. Consortia should engage in the
Human Brain Project Flagship contractual framework in case the proposal is selected for funding.

Proposals should demonstrate how they draw on and contribute to the activities set in place by the
Flagship initiative.

Proposals should focus on one or more of the following indicative topics:

f. Data collection regarding the multi-level organisation of the mouse and human brains and
further development of the neuroscience platform: pursue the high throughput screening of
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Topic 3: Support to the FET Flagships

Specific Chidlenge

Proposals should support'the FET-Flagships and the FET Flagship concept through coordination with
~ other on-going efforts; elaborating on‘the flagship concept and spotting additional ‘opportunities for
thetwo FET Flagships.

a) An ERA-NET between national and/or regional funding agencies aiming at supporting the FET
Flagships Graphene and Human Brain Project. Proposals should build on the FET Flagship ERA-NET
selected in 2013 (call FP7-ICT-2013-11) and should déscribe how they will coordinate national and/or
regional efforts with the common research roadmap: Proposals should include a call for transnational
projects to support the two flagship initiatives.

b} Coordination-and Support Actions that explore the applicability of the Flagship concept to other
grand scientific-challenges inthe context of national requirements and in view of their sotietal
benefits, in’ particular through -community “events -aimed at identifying such challenges and
establishing how they bridge toinnovation:

¢) Coordination and Support Actions that complement the activities of the two flagships in-aréas stich

as outreach to a wider audience, including organising events for public debate, or activities related to
innovation;

Scope

Proposals should describe how they will continue the existing work with the relevant disciplines and
stakeholders, “how - resources “brought - together -in - the ramp-up -phase - will “be:.used and/or
strengthened; and -how the.new core:project. will ‘provide “efficient - coordination - under strong
scientific: leadership, in - collaboration” with - related  ERANET project{s) -and. other projects -and
initiatives at European, national and regional level.

Expected impoct

e enhanced complementarities and synergies of regional, national and European research
programres and initiatives ,

o -networking between national funding agencies and creation of a discussion forum for matters of
interest related to the two FET Flagships

o strengthening of the two flagship initiatives through transnational projects that complement the
core and complementary projects in the areas of Graphene and Human Brain Project

e reduction of the fragmentation of the European Research Area (ERA)

b)

& Insights into potential applicability of Flagship concept in specific scientific areas, as well as
possible bridgingto technology, innovation and societal benefits.

27

c)
e Increased effectives of FET Flagships in areas such as outreach, stakeholder debate and
exploitation.

Instruments, funding level, budget: budget XX €

a): ERA-NET
b), c): CSA

Funding level: xx%, budget M€
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Proposals should focus on interfaces or APIs in (at least) one of the following areas:

e, 1/O interfaces: For example, transparent application 1/O patterns to optimise low-level
/O layers; ‘controls to enable QoS provisioning of /O: performance measurement
APIsfor 1/O subsystems.

o Power / performance management APIs: APIs to monitor power consumption at high
resolution and ‘enable of auto-tuning of the system based on defined policies;
interfaces” ‘to- enable - application level power/performance monitoring and
improvement,

o - Thermal management APIs: APIs to monitor thermal information at all the levels from
the electronic components to the complete infrastructure.

¢~ Resilience: APIs to exchiange information between the different levels of the system
(application, system management, node management) to manage the resiliency of the
application.

e Hardware abstraction: For example, APIs to improve hardware abstraction in
compilers, compiler features and debugging and performance tools; efficient APIs for
run-time; APIs to support inter- and intra=node communication, thread management
and explicit management of the memory and storage hierarchy, and APIs and driver
level support for ‘high performance debugging and application level performance

optimization.
Topic 4: Programming Environment and Tools

Specific Chollenge

This sub-objective “addresses the HPC technology software stack lying between the applications
software layer and the systems software and hardware layers.

Scope

Focus is on'the following areas:

o Programming ' methodologies, - environments and tools: development of new
programming models, -domain-specific: languages and programming paradigms to
facilitate' the effective exploitation of advanced computing systems from large scale
industrial systems to extreme scale systems. The measures of effectiveness include
programming . productivity, - feasibility ‘for incremental application migration,
establishment of software standards, and performance in all aspects (computational,
memory-use, /0, enetgy requirements, etc). The programming tools work should
address all aspects of effective exploitation by -applications in particular at extreme-
scale, and ‘include (but not limited to) support for new programming models and
annotations for ‘legacy " code, -compilers and run-time systems; debugging and
correctness tools, performance analysis and prediction, tuning and auto-tuning tools.

o Co-design:-. capture - of - requirements - through application benchmarking and the
development ‘of mini-applications; support mechanisms to addreéss resiliency, energy
efficiency and energy management and 1/0 optimisation.

Topic 5: Coordination for the HPC strategy:

Spetific Chollenge

31

The aim is to support the implementation of a common European HPC strategy through coordination
of the activities of stakeholders such as the European Technology Platform for HPC (HTP4HPC),
PRACE, application owners and users, the European exascale computing research community etc.
The work will include activities for promoting a joint community structuring and other non-research
activities such as the development of Strategic Research Agenda for High Performance Computing
(including the roadmap for exascale in Europe), the mapping and analysis of related national and
international R&I programmes/activities/research agendas in HPC towards exascale, coordination
with and participation in relevant international activities, etc.

Expected impuoct

Topics 1, 2,3 and 4:

e Strengthened European industry and research in the supply, operation and use of HPC

systems;

Development of autonomous European technology for building the next generation of
extreme performance computing and its exploitation in Europe
e Improved European competitiveness in applications that are most important for Europe.

European research at the forefront of the development of extreme-performance system
software and tools

Platforms with clear and highly ambitious scalability targets (e.g. approaching 500 petaflop/s
in 2016 - potential for exascale by 2020)

e Increased return on investments made in PRACE Tier-0 supercomputers and in on-going EC-
supported efforts in exascale platforms

Topic 3

e Impact on standards bodies and other EU and international research programmes and

frameworks
Topics
®  Structuring the efforts of stakeholders for implementing the European HPC strategy

e Reinforced cooperation in international endeavours on HPC software and systems towards
exascale

Instruments, funding level, budget: budget XX p€

a): CP, Funding level; 70%, Budget: xx million
b): CP, Funding level: 70%, Budget: xx million
¢): CP, Funding level: 70%, Budget: xx million
d): CP, Funding level: 70%, Budget: xx million

e): CSA, funding level: 100%, Budget: xx million
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B.. - OTHER ACTIONS {not subject to calls for proposals)

The International Buman Frontier Science Programme Organisation

An annual subscription to the International Human Frontier Science Programme Organisation
(HFSPOY will be miade. This'will allow the EU (representing the EU27 — EU-G4) Member
States to fully benefit from the Human Froniier Science Programme (HFSP) and provide
increased visibility ~ for - European " research. According to the conclusions of the
Intergovernmental Conference held on 11 June 2013 ‘the Community subscriptions for 2014
and 2015 will be EUR 4,847,281 and EUR 4,944,165, respectively.

€. PERSPECTIVES FOR 2016

{to be done)

2 The European Community is a Management Support Party (member) of the HFSP
Organisation (HFSPO) and has funded HFSP under previous Framework Programmes
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Z2 Research Infrastructures

A.CALLS

Call: Development, deployment and operation of ICT-based e-
infrastructures

e-Infrastructure is expected to support all other areas of Horizon 2020, including Societal
Challenges, LEIT, FET and ESFRI, both in the general sense of providing the infrastructure
needed for research and innovation in these areas, as well in the specific sense of production-
level e-infrastructures servicing the computing and data needs of any project in the framework
programme. Acquisition of ICT systems should be therefore avoided in H2020 projects to the
extent that they can be adequately serviced by e-infrastructures.

This workprogramme is motivated by the following priorities:

e Integrating e-infrastructure resources and services across all layers (networking,
computing, data, software, user interfaces), in order to provide seamless services
tailored to user needs. Integration will be facilitated by agreeing and deploying
common or interoperable core services and service building blocks, which is the main
aim of Objective 4, by avoiding rigid boundaries between computing and data (e.g. in
Objectives x, y, w and z), and by user-driven integration through VREs (Objective x)
and through a user foram as requested in Objective x.

e Implementing the e-infrastructure to ride the wave of "big data", on the basis of the
policy orientations provided by the High-Level Group on Scientific Data [ref] and the
"framework for action" published on xxxxxx in xxxxx 2013. This is implemented
through Objectives x, y, z..

e Providing support to the e-infrastructure for Open Access as defined in the
Communication on Scientific Information, and for federating researcher electronic
identities as defined in the ERA Communication. This refers to Objective 1.

e Implementing the e-infrastructure part of the EU strategy on High Performance
Computing (HPC), in particular the provision of Tier-0 services (PRACE), the
infrastructure for computing applications (Centres of Excellence) and a network of
HPC Competence Centres for SMEs. This is reflected in Objectives x, v and z. A
Public-Private Partnership (PPP) in HPC is expected to encompass in a coherent
framework these two elements together with the development of HPC technologies

towards exa-scale computing (supported in the FET part of the Excellent Science
pillar).

o Implementing the recommendations of the GEANT Expert Group aiming at
developing GEANT as the European communications commons and as a global hub
for research, innovation and education, as described in Objective X.

® Addressing the 12 Strategic Programming priorities.
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almost -no” effort. Most of the European institutional repositories (at least 80%) as well as the
principal thematic repositories are part of the same interoperable repository network.

Instruments, funding level, budget: budget XX M€

CP, CSA; funding level: 100%, Budget: 15 million

Timing

Call:2014
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Topic 2: Managing, preserving and computing with big research data

Specific Challenge

The objective is to develop and deploy integrated, secure, permanent, on-demand service-driven and
sustainable e-infrastructures. These e-infrastructures should incorporate advanced computing

resources and software to increase the available capacity to manage, store and analyse extremely
large, heterogeneous and complex datasets.

The e-infrastructures will provide services cutting across a wide-range of scientific communities in
tiered or mesh architectures. Expected challenges are coping with different computational
requirements, system and service architectures, formats, types, vocabularies and legacy practices of
scientific communities that generate and use the data. Proposals are encouraged to leverage on prior
work on open prototype services and to use discoverable service catalogues, common APls, service-
level agreements (SLAs) and transparent billing.

Scope

The proposals should address at least one of the first five (5) actions, or actions 6 or 7 individually:

(1) Establishing a federated pan-European data e-infrastructure to provide cost-effective and
interoperable solutions for data management and long term preservation. The needs for data access,
replication, annotation, search, compute, analysis and reuse of information across disciplines should
be accommodated in different research and education contexts. All these functions should expose
standard interfaces for interoperation with other data sources to aggregate them or to be
aggregated. Sustainability is of paramount importance. Robust business models should be proposed

to encourage investment from all stakeholders. Foreseen challenges are technical, legal and
organisational;

(2) Services to ensure the quality and relia

ty of the data e-infrastructure, including certification
mechanisms for repositories and certification services to test and benchmark capabilities in terms of
resilience and service continuity of e-infrastructures;

(3) Federating institutional and, if possible, private data management and curation tools and services
used across or at some point of the full data lifecycle. Addressing identification of open data sources
and data collected with sensitive or restricted access features is foreseen as a challenge. Services and

tools should be federated on the basis of an open architecture and should coordinatedly support
Data Management Plans;

(4) Large scale virtualisation of data/compute centre resources to achieve on-demand compute
capacities, improve flexibility for data analysis and avoid unnecessary costly large data transfers.

(5) Development and adoption of an open seamless stack that can be deployed on different
hardware and e-infrastructures: (such as clouds providing infrastructure-as-a-service {1aaS), HPC, grid
infrastructures...) that abstracts application development from available remote computing systems.
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Timing

Call 2014
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Topic 4: Integration of Core and Basic Operations Services for e-
Infrastructures

Specific Challenge

The overall objectives are to:

(a) harmonise a set of core infrastructure services (data discovery, provenance, access, transfer,
replication and searching and federated identity provisioning) for use by both production e-
infrastructures and e-infrastructures under development to ensure that services are interworking

and/or interoperable and therefore facilitate collaboration between scientists and provide seamless
access to resources;

(b) make boundaries between data and compute services transparent to the user by integrating

operations services such as :accounting, monitoring, service registry, user support, incident
management etc.

Provenance services for research data should supply digital identifiers (DIs) to enable persistent
citation of digital objects, connect contents to authors and authors to their institutions, research
projects and potentially any other relevant entity in the production value chain of scholarly content.

Dis will open new prospects for advanced services for science and education and for encouraging
openness and building trust.

The Authorisation and Authentication services should allow a European-wide single sign-on service
enabling researchers to collaborate within secure and trusted distributed virtual research
environments where scientific resources and content can be accessed, used, stored and shared.

Accounting services should include the implementation of standards (and their development if they

do not exist) for enabling interoperability and aggregation in recording the usage of research
resources securely and reliably.

Scope

The proposals will address one of the three following actions (only one proposal per action will be
funded):

(1) Development and promotion of the uptake of a Digital Identifier e-infrastructure for digital
objects (articles, datasets, collections, nomenclature, etc), contributors and authors which cuts
across geographical, temporal, disciplinary, cultural, organizational and technological boundaries,
without relying on a centralized system but rather federating locally operated systems to ensure
interoperability. The requirements of all relevant stakeholder groups (researchers, libraries, data
centres, publishers, etc.) will be addressed;

(2) Deployment and promotion of a pan-European identity federation for research commu
including researchers, educators and students, in compliance with existing identity inter-federation
efforts. This includes support for a large pilot involving (research and education) institutions in all EU
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CP, CSA, ERA-NET; Funding level: 100%, Budget: 70 million

Timing

Call 2015
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Taopic 6: Centres of Excellence for computing applications

Specific Challenge

The overall objective Is to establish a limited number of Centres of Excellence (CoE) for the
application of HPC in scientific and industrial domains, focusing on scientific, industrial or societal
challenges. These Centres will develop a culture of excellence, both scientific and industrial, placing
computational science at the centre of scientific discovery and industrial competitiveness. CoEs may
be "thematic", addressing specific application domains such as medicine, life science or energy;
"transversal' on computational science (e.g. algorithms, analytics, numerical methods etc.); or
"challenge-driven", addressing societal or industrial challenges (e.g. ageing, climate change, clean
transport etc.); or a combination of these types.

This Objective contributes to the implementation of the EU strategy on High Performance Computing
(HPC) to be carried out by the expected Public-Private Partnership (PPP) in HPC, in particular to
achieving excellence in HPC application delivery and use.

Scope
The Cot's are expected to be:

(1) integrated: encompassing not only HPC software but also relevant aspects of hardware, data
storage, connectivity, security, etc.;

(2) multidisciplinary: with domain expertise co-located alongside HPC system, software and algorithm
expertise; and

(3) user-driven, with the application users and owners playing a decisive role in governance;

(4) distributed with a possible central hub, federating capabilities around Europe, exploiting available
competences, and ensuring synergies with national/local programmes;

Proposals for CoEs will address:

o Provision of services such as:: developing, optimising (including if needed re-design) and
scaling towards peta and exascale computing; testing, validating and maintaining HPC application
codes and managing the associated data; quality assurance; co-design of hardware, software and

codes; consultancy to industry and SMEs; research in HPC applications; and addressing the skills gap
in computational science.

o Working in synergy with the other components of the PPP in HPC, (a) by associating their
work with one or more PRACE supercomputing centres, or other HPC centres that have capacities to
meet the computational needs for the activities of the Cot, and (b) by identifying suitable

applications for co-design activities relevant to the development of HPC technologies towards exa-
scale
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(7) Design and execute training and skills development programmes tailored to the needs of research
in-academia and industry in order t6 stay at the forefront of scientific breakthroughs, as well as
introduction of scientific computing and HPC in academic curricula;

(8) Develop an international cooperation policy and associated activities;

PRACE should provide core and basic services in coordination with other e-infrastructure providers to
promote interoperability and a seamless user experience, in accordance with Objective 4.
Interworking with other computing infrastructures such as clouds and grids should be ensured

Expected Impuct

- Improved services and procedures to access the PRACE infrastructure and common services, and
improved allocation schemes to ensure openness to new user communities and applications

- Increased amount of computing cycles available to researchers at European level through user-

friendly and efficient procedures, helping Europe to stay at the forefront of scientific breakthroughs
and innovation;

- Increased number of industrial organisations (in particular SMEs), EU projects and institutional
users benefiting from access to PRACE and from training in HPC;

-Increased investment in HPC infrastructure in Europe (national, regional and EU);

- Long term financial sustainability through flexible business models and inclusive governance;

- Linking demand and supply in the European HPC ecosystem, with improved coliaboration of the
PRACE procurers with technology developers and suppliers to foster innovation;

instruments, funding level, butiget: budget XX M€

CP (named beneficiary: PRACE); Funding level: 100%, Budget: 30 m

on

Timing

Call 2015
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Topic 8: Network of Competence Centres for SMEs

Specific Challenge

The objective is to support one network of HPC competence centres to promote services anywhere
in Europe and the dissemination of best practice in HPC use for SMEs.

This objective contributes to the implementation of the European HPC strategy, in particular to foster
the use of HPC by SMEs. HPC competence centres have been set up in Member States to facilitate
access of industry and in particular SMEs to HPC services.

The network will address coordination, outreach, training and the exchange of best practice and
software components between the participating national and regional competence centres,
complementing their current activities and services with actions of a clear European added-value

that cannot be performed at local level. Direct support to adoption of HPC by specific SMEs is not
expected to be carried out by this network.

Scope

Proposals should address at least the following actions:

(1) networking of existing HPC competence centres providing HPC services to exchange best practices
and pool technical, expertise or business resources;

(2) awareness raising and visibility activities of the benefits of HPC for SMEs;

(3) identification of the pool of SMEs and available expertise in the different business areas at
European level, and mechanisms to match SME needs and the available expertise;(4) training (in

synergy with the activities carried out by PRACE and other organisations providing specific training
for SMEs in HPC);

Expected impact

- The Network of HPC Competence Centres will be a reference for best practices for supporting SME
competitiveness through access to HPC;

- Increased number of SMFs that are aware of the potential and/or become users of HPC;
- Establishment of a focal point at European level for expertise in HPC use by SMEs;
- Increase in the size of he HPC market (services, ISVs, computers),

Instruments, funding level, budget: budget XX M€

CSA; funding level: 100%, Budget: 3 million

Timing
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insruments, funding level, budgev: budget XX i€

CP {named beneficiary)

The beneficiaries of the grant will be the legal entities operating the National Research and Education
Networks (NRENs) in [list of countries] and the legal entities created by NRENs to contribute to the
deployment of connectivity and services on a European scale (DANTE, TERENA and NORDUnet)
formed as a consortium coordinated by DANTE, ity House, 126-130 Hills Rd, Cambridge, UK.

,_n::%:m level: 100% re-imbursement rate for all costs including research and innovation in services,
except 50% for procurement & operations (this needs a special clause — if not possible: - maximum
100% re-imbursement rate for all costs {and they will claim only 50% for communication by necessity
as the funding is too low to cover all costs)

Budget: 100 million

Yiming

Call 2015
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Topic 10: e-Infrastructures for virtual research environments (VRE}

Specific Challenge

The objective is capacity building in interdisciplinary research communities to empower researchers
through development and deployment of service-driven digital research environments and tools
tailored to their specific needs. These virtual research environments (VRE) should integrate resources
across all layers of the e-infrastructure (networking, computing, data, software, user interfaces).

Each VRE should abstract from the underlying e-infrastructures using standardised building blocks
and workflows, well documented interfaces, in particular regarding APls, and interoperable
components. Over time VREs will be composed of generic services delivered by e-infrastructures and
domain specific services co-developed and co-operated by researchers, technology and e-
infrastructure providers, and possibly commercial vendors. The VRE projects should clearly identify
and build on requirements, e.g. for integration of heterogeneous data from multiple sources and
value-added services for computing, simulation, and data exploration, mining and visualisation. They

should re-use tools and services from existing infrastructures and projects at national and/or
Community level as appropriate.

VREs may target any area of science and technology, especially interdisciplinary ones, including ICT,
web science and social sciences and humanities.

Scope

The proposals will address one or more of the following actions:

(1) Researcher-driven (bottom-up) integration of heterogeneous data from multiple data sources and
providers, with a view to enhance interdisci inary co-operation and enable e-infrastructure
consolidation in broad domains of societal challenges.

(2) validation in real-world use cases designed to serve the needs of interdisciplinary VREs.

(3) Development of value-added services stemming from researcher needs and which are made
possible by open data access and digital innovations.

(4) Promotion of collaboration between research establishments and industry on e-infrastructures
and support VREs to adopt innovative ICT tools and services.

Expected impuact

VREs are expected to result in more effective collaboration between researchers and higher
efficiency and creativity in research; accelerated innovation in research via an integrated access to
potentially unlimited digital research resources, tools and services across disciplines and user

communities; and enabling researchers to process structured and qualitative data in virtual and/or
ubiquitous workspaces.
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Timing

Call 2014

59

Topic 12: Skills and new professions for e-infrastructures

Specific Challenge

The changing methods of (digital) science and research require that researchers, professors and
students receive adequate support in computing and networking, as well as in handling, analysing
and storing large amounts of data and content. This is the emerging profession of the so-called
“research technologists" for which formal education hardly exists today. Professional recognition of

this community and the development of appropriate curricula, training and skills are crucial to ensure
effective services to institution staff and students.

Scope

Proposals should address one or more of the following actions (proposals addressing action 3 should
preferably address also 4 and vice versa):

(1) Defining or updating university curricula and sharing best practices across Furope notably for
research technologists and data scientists.

(2) Developing training programmes (including felong learning) for research technologists, e-science
practitioners and data librarians working as part of a team of researchers or in supporting research

teams; this should include the use of e-education and videoconferencing tools and sharing of
educational contents for e-infrastructures.

(3) Support the communities of scientists specialised in e-infrastructures and ICT specialists operating
e-infrastructures at campus, national and European level through: information sharing (e.g.
authoring case studies and success stories), information on training programmes, specific events,
incentives for innovation, and staff exchanges.

(4) Awareness raising activities on e-infrastructures and the role of Research Technologist for the
wider researcher and student community in all scientific fields.

Expected Impact

The number of high level education institutions offering degrees for research technologists and data
scientists will double. Graduates and practitioners in these fields have access to degrees,
programmes and information ‘sharing tools to improve their skills. The majority of European

researchers have access to training on e-infrastructures if they have the need to develop related
skills.

instruments, funding level, budget: budget XX M€

CP, CSA, ERA-NET; Funding level: 100%, Budget: 3 m

Timing

Call 2015

60
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