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Katrin Amunts 28.11.16
 STOA, Brussels, 29.11.2016 1
 Co Funded by the European Union
 THE EU’S HUMAN BRAIN PROJECT (HBP) FLAGSHIP KATRIN AMUNTS CHAIR, SCIENTIFIC AND INFRASTRUCTURE BOARD OF THE HBP RESEARCH CENTRE JÜLICH, C.&O. VOGT INSTITUTE FOR BRAIN RESEARCH, DÜSSELDORF VICE-CHAIR, THE GERMAN ETHICS COUNCIL
 HBP at a Glance ! 10-year, EUR 1 Billion Research Roadmap
 (50% Core Project, 50% Partnering Projects) ! 89 M Euros (Core Project, 2016-2018) ! Core project : 116 institutions, 19 countries ! 6 Platforms, released in March 2016 ! 6 Co-Design Projects: multi-disciplinary input from
 different subprojects for achieving scientific goals ! Embedded in previous and existing national and
 international initiatives: Blue Brain, BrainScaleS, Supercomputing and Modeling the Human Brain, SpiNNaker, PRACE, etc.
 ! 546 publications (XI/2016)
 2
 HBP Partner
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Katrin Amunts 28.11.16
 STOA, Brussels, 29.11.2016 2
 Objectives of the HBP
 November 27, 2016 2016 HBP SUMMIT 3
  Create and operate a European scientific research infrastructure for brain research, cognitive neuroscience, and other brain-inspired sciences  Gather, organize and disseminate data describing the brain and its diseases  Simulate the brain  Build multi-scale scaffold theory and models for the brain  Develop brain-inspired computing, data analytics and robotics  Ensure that the HBP’s work is undertaken responsibly and that it benefits society
 Decoding the Human Brain
 Multiscale in space and time, multimodal
 ETHICS & SOCIETY
 NEUROSCIENCE EXPERIMENT & THEORY
 The Human Brain at Multiple Levels
 RESEARCH INFRASTRUCTURE DATA ANALYTICS & SIMULATION
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 Multiscale in space and time, multimodal
 Creating Productive Loops
 RESEARCH INFRASTRUCTURE DATA ANALYTICS & SIMULATION
 Processing
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 Shared Memory
 Neuronal morphology and
 physiology
 Simulation with Neuron
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 Molecular simulation
 Synaptic map Dendritic spine data
 Dendritic arborization
 1 5 9
 The morphology of the spine directly reflects its function: Larger spines generate larger synaptic currents than smaller spines
 Mouse Brain: from Empirical Research to Simulation
 Javier de Felipe, Henry Markram and teams
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 Inter-Species Differences & Similarities
 7
 Mohan et al., Cerebral Cortex 2015
 •  Human neurons are 3 times larger
 •  Human synapses can transfer 10 times more information
 •  Simulation shows: larger dendrites allow faster encoding
 Testa-Silva et al., PLOS Biology 2014
 Face- and place selective regions differ in development
 Cross-Atlantic Collaboration: Gomez, Barnett, Natu, Mezer, Palomero-Gallagher, Weiner, Amunts, Zilles, Grill-Spector: Growth of tissue in human cortex is coupled with the development of face processing Science (2016, in press).
 "  Microstructural developments are correlated with specific increases in functional selectivity to faces as well as improvements in face recognition
 "  Development of face-selective regions, but not place-selective regions, is dominated by tissue growth
 Children, n=20
 Adults, n=20
 T 1 re
 laxa
 tion
 (s)
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 Assessing Human Consciousness
 S. Casarotto M. Massimini Milan
 S. Laureys O. Gosseries M. Boly, Liege
 PCI: Pertubational Complexity Index
 10
 Can Hebbian learning rules be used to form and recall such assemblies in a robust, stable manner ?
 Recurrent network model with STDP and ongoing activity. The network can store and retrieve memory despite the presence of ongoing activity and ongoing plasticity.
 Theoretical Neuroscience
 Memory recall in the presence of ongoing activity. Zenke et al., Nature Communications, 2015
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 Fiber Architecture – Crossing Scales & Modalities
 100 nm 1 µm 10 µm 100 µm 1 mm
 Axer et al., Frontiers in Neuroanat. 2016
 Diffusion MRI
 Guevara et al., in revision, 2016
 Allegra et al., Biomed. Opt. Expr. 2015
 Pavone, Axer et al.,in preparation
 3D-Polarized Light Imaging Two-Photon Microscopy
 A new Research Infrastructure
 27.11.16 12
 NEUROSCIENCE EXPERIMENT & THEORY
 RESEARCH INFRASTRUCTURE DATA ANALYTICS & SIMULATION
 Processing
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 Processing
 Element
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 Shared Memory
 Shared Memory
 Simulation To comprehend the emergence of complex systems starting from simple rules (e.g., model of a neuron) using computational processes with large logical depths
 NIP Neuro-
 Informatics Platform
 (Big) Data Analytics To comprehend complex systems through derivation of simple rules based on analysis of giant amounts of data by computations of small logical depths
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 Lg TS
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 Neuroinformatics Platform: Rodent Atlas
 13
 !  Atlases of brain structures:
 !  Tools for viewing and slicing of atlases
 Jan Bjaalie and team, Oslo
 Co-funded by the European Union ! !
 Digital Research Infrastructure
 Medical Informatics
 High Performance Analytics and Computing
 Neuro Informatics
 Brain Modelling Brain Inspired Technology
 Neuro-morphic
 Computer
 Neuro- Robotics Simulation Theory
 Neuroscience
 The IT Architecture of the HBP
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 A B
 Human L2/3 pyramidal cell
 (in vitro) 3D
 reconstructed + modeled
 Idan Segev, HUJI
 Experimental validation
 D
 Cm = 0.44 µF/cm2
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 Ra = 262 Ω-cm
 C
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 Cm = 0.45 µF/cm2 Rm = 38907 Ω·cm2
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 experiment model
 Nucleated patch
 Nucleated patch - results
 Modeling Human Neurons
 Model prediction: Low
 membrane capacitance
 Pre-Commercial Procurement: JULIA & JURON
 16
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 Medical Informatics Platform
 17
 #  Released platform for brain clinical research and neuroscience communities
 "  Recruited 5 hospitals and research cohorts
 "  Distributed analyses on combined EHR, brain and Omic-data
 "  Prognosis in pre-clinical stages
 Cui J, Zufferey V, Kherif F. Curr Opin Neurol. 2015
 #  Identified first biological signatures of diseases in Alzheimer's diseases.
 "  Diagnoses of new dementia subtypes
 Ex
 Mem
 Lg
 TS
 O V
 Ex
 Mem
 Lg
 TS O V
 atypical AD
 amnestic MCI
 Neuromorphic Computing
 18
 SpiNNaker 2 Power Management Floating point precision True random numbers
 BrainScales 2 PowerPC plasticity processors Flexible local learning rules Improved parameter storage
 "  Chip prototypes designed, produced and tested during the ramp-up phase "  Major common emphasis : Strongly improved plasticity, learning capabilities "  Getting ready for applications in cognitive computing
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 19
 19
 "  collaboratively design and run virtual experiments in cognitive neuroscience "  software and hardware tools to study how brain models can control robots in complex
 environments
 Neurorobotics
 Example for a Simulated Body: The HBP Mouse
 20
 Alois Knoll // TUM // WRC 2016
 Mouse&body&Simulated&ac1va1on&of&S1&with&tac1le&s1mula1on&
 Forelimbs&
 Hind&limbs&
 mouth&
 Trunk&
 whiskers&
 nose&
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 Ethics & Society in the HBP
 21
 Topics: •  Ethical aspects in the field of
 global data sharing •  Foresight lab •  Researcher awareness and
 reflection •  Neuroscience and society •  Consciousness, self-awareness,
 human identity
 Evers & Changeux, EMBO reports, 2016
 Scientific Achievements
 22
 22
 546 publications (XI/16)
 Jean-Pierre Changeux: Olav Thon Award, 2016
 Henry Markram: New Bell Labs Shannon Visionary Award, 2016
 Platform Release March 30, 2016
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 The HBP and International Partners
 23
 Levels of collaboration: •  Direct collaboration including the platforms and
 the collaboratory •  Partnering Projects (e.g., FLAG ERA, MoUs) •  Collaboration with Global Brain Initiatives and
 other large-scale private, national and international organisations
 •  Education (e.g., Third HBP School “Future Neuroscience” 28.11.-4.12.2016 Obergurgl; First HBP Student Conference, 8.-10.2.2017, Vienna; Trainings, )
 Amunts, Ebell, Muller, Telefont, Knoll, Lippert: The Human brain Project: Creating a European Infrastructure to Decode the Human brain. Neuron, 2016
 www.humanbrainproject.eu
 #HumanBrainProj
 /TheHumanBrainProject
 #HumanBrainProj
 Co-funded by the European Union
 Please send your questions to: [email protected]
 November 27, 2016 2016 HBP SUMMIT 24
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