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New scientific board July 2016

SIB Members SF_"E Leader / Sr_le_ntlflc Research Katrin AMUNTS (KA)
Director {51B chair) B

SP10 Leader / Software Development .

Director {51B vice-chair) Alok KHOLL (AK)
SP9 Leader / Infrastructure
Operations Director (SIB vice-chair)

5P1 Leader Javier DEFELIPE {JD)
SP3 Leader Cyriel PENNARTZ (CP)
SP4 Leader Alain DESTEXHE [(AD)
SP5 Deputy Leader Sten GRILLNER {5G)
S5P6 Leader Henry MARKRAM (HM)
SP7 Leader Thomas LIPPERT (TL)
SP8 Leader Ferath KHERIF (FK)
S5P12 Leader Kathinka EVERS (KE)

Minutes Taker / 5P2 Manager Sabine BRADLER (5B)
SP11 Martin TELEFONT {MT)

Karlheinz MEIER (KM)
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Human Brain Project
Vision
Understanding the human brain is one

of the greatest challenges facing 215t
century science.

If we can rise to the challenge, we can
gain profound insights into what
makes us human, develop new
treatments for brain diseases and build
revolutionary new computing and
robot technologies.

Today, for the first time, modern ICT
has brought these goals within sight.

HBP is a European Flagship project to
create and operate collaborative
research tools for brain research, and
brain-inspired technologies




HBP at a glance
Future Emerging Technology (FET) Flagship

10-year, EUR 1 billion Research Roadmap X
50% Core Project, 50% Partnering Projects

y u‘.lv - .- e
Biggest EU ICT project: HBP uses ICT funding Ji Ke -
Focus S ol
future neuroscience, medicine, computing/robotics L o
‘ '.. . o'o n-:“

Ramp-up Phase (2 % years) F - - .

FP7 (54 million EUR) - . _

750+ scientists, ¢

114 institutions,

24 countries, mainly Europe & Americas/Asia
Builds on pre-existing EU & national projects:
Blue Brain, BrainScaleS, JSC, SpiNNaker, Myorobotics

Interfaces with EU & international efforts
PRACE, US BRAIN initiative, ...



* 30-40% Grants
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HBP A Major Epistemological Challenge

multiple spatial- & time-scales levels in brain organisation & function

structure time function

ﬂ Time scales

nested evolutionnary processes:
integrated simulation of brain structure, functions & behavior
from molecular up to cognitive level & conversely

an
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HBP Flagship Objectives (from SGA1)

0
1. Create & operate a European A IR IR il
scientific Research Infrastructure 2014 Sl
for Brain Research e ;100
Map 1
2. Build multi-scale scaffold oo mghaﬂ;;g * Ban
ucleus ] 2-DG esions
theory and models for the brain. we ] T — 3
. : . o 01 | ightmicrosco ;0'1
3. Simulate the available brain models. l :
Neuron 001 =
4. Gather, organise/disseminate data . ° --_ =) ]
- . . . 0.001 4 -
describing the brain & its diseases. g | om |
. . . . 0.0001 ! :
5. Develop brain-inspired computing, R N
. . ‘ Time (s)
data analy'“cs & r0b0t|CS Millisecond Second Minute Hour Day  Month
6. Ensure HBP work is undertaken responsibly & benefits society.
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4 mainly Neuroscience Subprojects

Mouse Brain Understand better the structure of the mouse brain,
Organisation from molecular to whole brain level, including its
electrical and chemical signalling mechanisms

Understand better the structure of the human brain,
Organisation from _molecular to_ whc_)le b_raln Ievel,_ Including its
electrical and chemical signalling mechanisms

Human Brain

SR Rl Understand better how the brain performs its systems
Neuroscience level and cognitive functional activities

Theoretical Derive high-level mathematical models to synthesise
Neuroscience conclusions from research data
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6 mainly Infrastructure Subprojects

Subproject Role within HBP

Neuroinformatics : : :
[P5 Platform Gather, organise and make available brain data

S

[SP Develop data-driven reconstructions of brain networks

& Platform and simulation capabilities to explore them

r Hi-Perf. Analytics & Provide ICT capability to map the. brain, construct

\>" 7 computing Platform complex models, run large simulations and analyse
large volumes of data

_ ) Develop infrastructure to share hospital and medical
Medical Informatics .

research data, to help understand disease clusters and
their signatures

r Neuromorphic Develop and apply brain-inspired computing

L eyl | technology

r Develop virtual and real robots and environments for

Neurorobotics
N Platform testing brain simulations




2 mainly Supporting Subprojects

Subproject Role within HBP

Budgets, funding proposals, contracts, liaison with EC,
NI UREVIVE | Internal standards, project management, dissemination,
education programme, etc.

Explore the ethical and societal impact of the HBP’s
work; provide ethics management and compliance

-
SP42) Ethics & Society
L

1
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How the HBP Subprojects fit together

Human Brain Systems & Cognitive
Organisation Neuroscience

| |
Mouse Brain
Organisation
Theoretical
Neuroscience

Neuroinformatics
Platform

Brain Simulation
Platform

| Mathematical Models |

ICT Capabilities |

Medical Informatics
Platform

Hi-Perf. Analytics &
Computing Platform <€

Neuromorphic

Computing Platform

Brain-like Computing

Neurorobotics
Platform

SPlO‘

| Admin Support |
[ |
Ethics Inputs I

@ Central Services < srP‘!' Ethics & Society
>

Brain Simulation Tests|

Human Brain Project [H‘ Co-funded by
) L

fMiesnirs  the European Union




The HBP Collaboratory a virtual lab bench

Explore, Work, Collaborate, Organize

= Explore the HBP Platform Y R —
e C O SySte m i/ HBP Collaboratory Home

Navigation ADD & Workspace Software Catalog

= Work with integrated web

Software Catalog il v Sl B -

accessible scientific tools to moioiod @ s o s e s
analyze, visualize and share | s

HBP Websites
> bse This repository contains basic libraries to

v669c2d6 (2016 Feb 25) W I
d ata App Development & [ Navigation Workspace
-

Roadmap Ecgging Framenoricion UHELSq - Edit Inset Cell Kemel Help
- » Co-design Projects +| x| @& B |+ ¥ [N B C| Markde
| ] Low-level Interface for (USB-ba: Getting Started
0 a o ra e y I Storage Hardware Abstraction Layer of the Spike: 2o
Team RIS
members to your collab to aDSynapsessi requirements installz
Fatiose Sammaty, SynapsesSA is an R package designed tt Settings
1 1 H 1 la4R01R Feb2b install latest requirements
gain Insignts outside your cranouargFoson
SynapseGenerator In [1]: !pip2 install -q -i https://bb

- SynapseGenerator is a pipeline used to ¢ !pip2 install -q -i https://bb

areaS Of eXpe rtlse V0945 2016 Feb 25 © RS B Ipip2 install -q -i https://bb
Ipip2 install -q pynrrd

Neuromorphic Platform Python

Client software for the Human Brain Proje Cou o dir

= Organize your work with o R '
tools from the HBP Platforms ==

In [ ]: !python2 /home/jupyter/.local/
3DSomaM$

- -
integrated in the —-—
& S from voxcell.core import CellC

from voxcell import build, mat

NeuroM from voxcellview.widget import
y NeuroM is a Python-based toolkit for the from brainbuilder.utils import

LS m import numpy as np

from brainbuilder.select regio
import requests
> Load Next Results e a5
© Learn how to add your software to the cells = CellCollection()

https://collab.humanbrainproject.
eu/#/collab/264/nav/330
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SP5 Neuroinformatics Platform (Deputy Leader S Grillner)

= Objective: to organize and standardize a vast array of _
neuroscience data types to ensure access and use though brain
atlases and other specialized databases.
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SP5 Neuroinformatics Platform

Atlas tqnphte: " \PACICTa g EICRIIRWIERE Data enriched atlasing with use of
¥ M2 receptor and PLI data in
standardized atlas space

Example: use of PLI data in
delineation of auditory pathways

Atlds temptate: DT PLI datagin WHS

Diffusion Tensor Imaging
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Getting Access

Web Accessible

= Access the Neuroinformatics
Platform through the HBPMore
iInformation the application
process is available in the HBP
Collaboratory:

https://collab.humanbrainproject.
eu/#/collab/264/nav/330

= Numerous other tools are
available as Opensource
via the Collaboratory
Software Catalogue.

2 sen [ons) el (o T [ [z T Cres sow S0 wn T Osoetes [Comnam | orgws:

M i R S R i i i o GR R R C Cl Cl c e R i
A——

ELECTROPHYSIOLOGY ANALYSIS TOOLKIT
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SP 6 Brain Simulation Platform (eader H markram)

= Objective: to develop Applications, Application Programming Interfaces,
and Foundation Software to support productive collaborations to build,
simulate, analyze, validate and disseminate data-driven brain models at
many scales Ay ‘

. = /0 cerebellum architecture
\“W" (D'Angelo)

cortical reconstruction
workflow (Markram)
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point neuron multi-layer
subcellular modelling cortical model (Diesmann)

(Hellgren)

jum thalamus )
Current Opinion in Neurobiology lon channels
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SP7 Hi-Perf. Analytics & Computing Platform

(Leader T Lippert)

Single Sign-on to Collaboratory and
HPAC Platform
exascale supercomputer simulations

SpiNNaker
i T i

Data transfer: from From desktop to
e supercomputer & external high-fidelity systems
sites into Collab storage

Visualisation

@1 HBP Collaboratory https://collab.humanbrainproject.eu/#/collab/264/nav/3304 %thﬁufg;ﬁdjgigf{ -




SP8 Medical Informatics Platform (leader Ferath Kherif)

* Objective: to federate human research and clinical data and provide
the tools to the experts to effectively analyse it and advance more
rapidly in understanding neurological and psychiatric diseases.

- Human Brain Project = & EE IA  BSD @: ? .'

RIGHTSMCSUPPLEMENTARYMOTORCORTEX: 1649 MEASUREMENTS

Summary Histogram :RightSMCsupplementarymotorcortex Histogram - DX_bl
Histogram - Ages_Group Histogram - PTGENDER Histogram - APOE4

Count RightSMCsupplementarymotorcortex values =

150

RightSMCsupple...

) | |’ ‘ H‘ 1.

& QAo D B > oD g\%h%mbo,'»”\\&,‘) ©
SR R \’\%,,’ ,,).\ﬁ. CDECA R SRSl S i fe PR M S ‘.’,_ %

7 Female [l Male
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SP9 Neuromorphic Computing Platform

(Leader Karlheinz Meier)

= Objective: Develop, operate and maintain two custom complementary
neuromorphic machines for modelling neural microcircuits and applying
brain-like principles in machine learning and cognitive computing

= SpiNNaker - Manchester (UK)

| ofi ALY * 0.5 Million digital ARM processors with
N G e e - novel address-event-based, small
‘ s T . packet, asynchronous communication

« Real-time neuromorphic simulation

SpiNNoker

=y

= BrainScaleS - Heidelberg (Germany)

* Local *analogue* computing with binary,
asynchronous communication

WA 2
VAT

» 4 Million neurons and 1 Billion plastic Sim v
running synapses =

« 10000 real-time neuromorphic simulation

@) Human Brain Project access through HBP Collaboratory D Yp—



Next Generation Neuromorphic Chip Prototypes

SpiNNaker 2 BrainScales 2
Power Management @ @ @ PowerPC plasticity processors
U Flexible local learning rules

Floating point precision
True random numbers Improved parameter storage

Processing
~ Element

_Processing

Processing et

~ Element

» Chip prototypes designed, produced and tested during the ramp-up phase
* Close collaboration with SP4 and WP11.3 for requirements (EITN and Furberg Workshops)

* Major common emphasis : Strongly improved plasticity, learning capabilities
Getting ready for CDP5 and applications in cognitive computing

@Human Brain Pr account@neuromorphic.eu e 20 ﬁ‘_r Co-funded by -
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SP10 Neurorobotics Platform (Leader Alois Knoll)

Objective: To develop and operate a suite of powerful web-based applications
for performing complex neuro-robotics experiments. It provides a Robot

Designer, an Environment Designer, and Designers for Experiments and Brain
Interfaces and Body integrators (BIBI).,

R 8%
158
1
oY uop

1
- 4 ”
d

qRR
H

'I

l $1%!]

1Y

LA |

Robotic simulation cluster availability:

Empty Template iCub experiment

This experiment loads the iCub robot in an empty world, with an
idle brain and basic transfer functions. You are free to edit it....

H Husky Braitenberg experiment
TN N

@Hmman Brain Project access through HBP CO”abOI'atOI’y H‘ Co-funded by _
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SP10 Neurorobotics Platform

With the Neurorobotics Platform, researchers can collaboratively f 595)
design and run virtual experiments in cognitive neuroscience using A
brain models developed within and outside the Human Brain Project.

The Neurorobotics platform provides software and hardware tools

for researchers to demonstrate how brain models can control robots
In complex environments.

@Hwnau Brain Project Mail request to account@neuromorphic.




SP12 HBP Ethics and society

The Society and Ethics Pillar

Jean-Pierre Changeux, Paris Yadin Dudai, Rehovot

First meeting in preparation for the FET Flagship Program
Lausanne, July 28 2010

Original mission of the HBP “Society and Ethics pillar” among the other 14 SPs of HBP

to ensure upstream engagement of the project with its ethical and social aspects

...to support the implementation of Responsible Research and
Innovation in HBP.

SP12 Ethics & Society budget 2017 4 million euros

@ Human Brain Project Co-funded by -
’ the European Union



SP12 Organization and Specific Aims

SP 12 Leader Kathinka Evers (SE) & Deputy Leader Jean-Pierre Changeux

ANTICIPATION: Foresight analyses of social and ethical concerns

Nikolas Rose, S Warr, C Aicardi, M Reinsborough Imperial College London

Identifies potential ethical and social concerns at an early stage by producing scenarios of potential
developments and implications, and feeds these back to the HBP researchers to build capacity to adapt to
differing uncertain futures

REFLECTION: Conceptual analyses and researcher awareness

Kathinka Evers, A Salles, M Farisco, K Sallin Uppsala University - Jean-Pierre Changeux Pasteur Paris

Performs philosophical, ethical and social analyses of HBP key activities and issues, thereby contributing
to the conceptual and epistemological development of neuro- and computational sciences; and the reflective
capacity of HBP researchers and others in addressing societal implications.

ENGAGEMENT: Public and stakeholder dialogue and feed-back
Lars Kluver, L Egsdal, L Bitsch, K Riisgaard, K Dollerup Kopenhagen Tekno Institute

Engaging and debating with a range of public communities and stakeholders, in an open and transparent
manner, the implications of the work of the HBP in order to feedback the priorities and concerns by citizens
into the project

ACTION: Strategic pathways to social benefit
Kevin Grimes, S Patel, Abdul Mohammed Karolinska Institute Stockholm

To integrate anticipatory ethical and social foresight, conceptual reflection, and public concerns into the

management and strategy of the HBP itself by feeding the priorities and concerns of citizens and researchers
into the project

' Human Brain Project H‘ Co-funded by
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SP12 Organization and Specific Aims

WP12.1 The Foresight lab Leader Nikolas Rose

Data federation, data protection & privacy

Future Challenges | Informed consent in patients with brain disorders?

Disease signatures & personalised medicine

Future Challenges

Legal implications for specific disease signatures
Working with stakeholders to decide if/how
to implement in clinical settings

Building a Modelling Community for Future Neuroscience

Challenges

Multiple modelling communities with different
methods, design approaches, scales, species
(how to bridge scales, coherence..)

Future ICT and Robotics
Challenges

Don’t design the human out of the technology

Recognise that the living brain is in constant interaction
with its interpersonal and social environment

Recognise both benefits and limits of displacement of

@Hwnan Brain Project

human labour by robots etc
L Ie—




SP12 Organization and Specific Aims

WP 12.2 Neuroethics & Philosophy Task leader K Evers with JP Changeux

Simulation (with Yadin Dudai)

taxonomy of simulation and the goals of computer brain simulation within it

Challenge scarcity of neurobiological data; epistemic opacity
representational parsimony; contextual factors

Dudai Y. & Evers K, To Simulate or Not to Simulate: What Are the Questions?,
Neuron (2014) 84: 254-61.
Synaptic epigenesis & brain cultural imprinting (with JPC)

the concept of “epigenetic rules”, the selection of cultural circuits in the brain
during development & the transmission of cultural imprints.

Challenge Genesis of novel ethical rules: is there a universal

Evers, K. & Changeux, J-P. BFB4€Sive epigenesis and ethical innovation
EMBO reports (2016) in press

Drug design & innovation (JPC with Paolo Carloni creation of CDP6)

social & ethical issues about current scientific & political strategies of drug innovation

Challenge | Ethical urgency to discover new drugs against brain diseases

@Hmman Brain Project ] Co-funded by
fL



SP12 Organization and Specific Aims

Dual use: a new interface between brain and technologies

no Ethics committee no International declaration or regulation about new
technologies....engineering, robotics, informatics ...
and their military applications

«NEURON> COMBAT DRONE which let France be competitive with the US....

(La Tribune 2015)

cost 406 millions euros

dual use becomes a real concern for research at interface brain science and
informatics e.g. autonomous weapons systems, mind reading, cyber war...

@Hnman Brain Project a maJ Or eth I Cal ISsue &Dr Co-funded by -
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Infrastructure roadmap

Ramp-Up Phase 2013-16 Operational Phase 2016-23 Post-Operational Phase 2023-

Prototype RI Emerging RI y Fully-fledged RI

—— e Small user — e lInitial —— e Multiple
base of early community of communities
adopters users of users

« Improving - Establishment /large user
tools through of access base
close support models & = Service level
of early legal guaranteed
adopters framework for
operation

HBP Organisation drives

EC & MS >>5555555555555>5>555555>> Member States & EC

Consortium >>>>>> NGO >>>>>>> [nternational Organisation

1
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