WHAT IS A FLAGSHIP OF ENTERPRISE AND TECHNOLOGY?

Future and Emerging Technology
Flagships (FET)

Are ambitious large-scale, informatics-driven, research

Initiatives that aim to achieve a visionary goal.

The scientific advance should provide a strong and broad
Basis for future technological innovation and economic
Exploitation in a variety of areas, as well as novel benefits

for society.

The research is collaborative, internally non-competitive, -

inter- and trans-disciplinary, driven by a commonly agreed EUROPEAN
road-map COMMISSION
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THE IMPACT OF INFORMATION & COMPUTING TECHNOLOGY

VON NEUMANN MACHINES

MOORE’S LAW SUPERCOMPUTING

ENERGY LIMITATIONS BEYOND EXASCALE

INTERNET BANDWIDTH & ROUTING [HTMLS5, Cisco]
DATABASE MANAGEMENT DISTRIBUTED [Oracle]

CLOUD ENVIRONMENT SECURITY [Amazon, Dropbox, iCloud]
DATABASE QUERYING & ADDRESSING LOCAL [Google] vs REMOTE [EPFL]
REAL-TIME VISUALISATION FOR SUPERCOMPUTING [IBM, CRAY]

NEUROMORPHIC COMPUTING



EUROPEAN NOBEL CONTRIBUTIONS TO NEUROSCIENCE

NEUROANATOMY Golgi & Ramon y Cajal
NEUROPHYSIOLOGY Pavlov
Barany
Sherrington & Adrian
Von Bekesy
Eccles, Hodgkin & Huxley, Weisel
Neher & Sakmann
NEUROPHARMACOLOGY Dale & Loewi
Katz & von Euler
Black
Carlsson
NEUROIMAGING Josephson
Hounsfield
Mansfield
NEUROSURGERY Moniz
SOCIAL & COGNITIVE NEUROSCIENCE Von Frisch, Lorenz & Tinbergen
Kahneman

GENETICS Crick & Wilkins

Sanger

Sulston
IMMUNOLOGY Jerne, Milstein & Kohler
CELL BIOLOGY Levi-Montalcini

Evans




1p NEUROSCIENCE METHODS
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DATA DELUGE - FEDERATION & INTEGRATION
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Ly DEVELOP‘INFORMATICS TECHNOLOGY TO UNIFY OUR
\ UNDERSTANDING OF THE HUMAN BRAIN
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) vy CONFRONTING PARADIGMS

CARTESIAN MODEL (TOP DOWN)

Mentally generated hypothesis
Mathematically expressed in a model
Confrontation with “relevant” data
Parameterisation and optimisation of model

Correlations (non-causal)

SIMULATION MODEL (BOTTOM UP)

Multimodal and multivariate data

Exhaustive mining to demonstrate coherent models

Exploration of these mathematical models as generated hypotheses
Investigation of hypotheses — clinical, mechanistic, prognostic, therapeutic

Knowledge (& causes)




BRAIN SIMULATION

PROVIDE A THEORETICAL FRAMEWORK FOR
HUMAN BRAIN ORGANISATION AND FUNCTION

1. Increase the value of all past and future

experiments

2. Gather and organize all fragments of data and
knowledge on the brain

3. Provide open accessible brain atlases
4. Fill knowledge gaps using novel ICT tools

Generate strategically selected missing data
that will not be generated otherwise

6. Prioritize, optimize and accelerate biological
experiments




molecules
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Simulation-Based Brain Research

Cognition

Whole brain

mesocircuits

microcircuits
' A v Genomics
/ v'Post-Genomics...
synapses \/Systems Biology...
v'Integrative Biology...

v'Informatics...

neurons

v'Neuroscience...
v'Mathematical Modeling...
v'Supercomputer Simulation ...
v'Visualization...

v Analysis...



NEURONS

V ION CHANNELS
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SYNAPSES

10,000 neurons

~ 4,000,000
Electrical compartments
(Rall Equations)

80,000,000 lon Channels

(Hodgkin-Huxley Equations)

10,000,000 Synapses

(Tsodyks-Markram Equations)



Combination of ion channels

370 lon Channel genes Expressed in the brain







HH lon Channel Models
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Neuronal Densities and E:l Proportions




Predicting extrinsic connectivity

Outputs
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Building: the structural connectome




Building: the functional connectome
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BUILDING A CORTICAL COLUMN IN SILICO










The Neurons: probing the eTypes

L

e

C

JJL M
]

(L




¢l

Synaptic Numbers & Locations - Experiments
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Discovery: Synaptic Positions in the Model MATCH those in Experiments
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Experiments: Dynamic S
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In silico synaptic recordings match in vitro synaptic recordings

In vitro In silico
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Normalized by number of neurons per mType
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~ 4,000,000

Electrical compartments
(Rall Equations)

L § (Hodgkin-Huxley Equations)

[Tendvlc.NMarlkram Fanatinnc)

MODELS ARE DATA DRIVEN
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NEURAL COMPUTATION : CHAIN OF EVENTS LEADING TO COGNITION

Processor

Sensory Input Motor Output

Sensing, Learning, Memory, Adaptation, Decisions, Cognition, Behavior



Blue

. Brain Building Unifying Models: a roadmap for in silico neuroscience
i 'Project

Informatics

Mathematical

’ ‘ q ‘Abstraction

Data Model
Biological Constraints Building
Experlment
Hypotheses
‘ l f| ! I Steering
Refinement Simulation
Experiment

I Validation

Model ‘

Representation Visualization & Analysis




Integration of theoretical concepts from animal studies and human images by
bridging between different scales of acquired data

NETWORK
“  ANALYSIS

MEDICAL INFORMATICS
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