
Future and Emerging Technology
Flagships (FET)
Areambitious large-scale, informatics-driven, research
Initiatives that aimtoachievea visionary goal.

The scientific advance shouldprovidea strong andbroad
Basis for future technological innovation andeconomic
Exploitation in a variety of areas, aswell as novel benefits
for society.

The research is collaborative, internally non-competitive,
inter- and trans-disciplinary, drivenby a commonly agreed
road-map

WHAT IS A FLAGSHIP OF ENTERPRISE AND TECHNOLOGY?

BLUE BRAIN PROJECT + NEUROIMAGING COMMUNITY
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FOR SUPERCOMPUTING [IBM, CRAY]

NEUROMORPHIC COMPUTING

MOTIVATION 3 - INFORMATION TECHNOLOGYTHE IMPACT OF INFORMATION & COMPUTING TECHNOLOGY
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NEUROSCIENCE METHODS



MOTIVATION 1 – DATA DELUGE - FEDERATION & INTEGRATION

Number of Peer Reviewed 
Publications on the brain /yr
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The facts:
1. Data and knowledge is growing

exponentially
2. Data and knowledge are 

increasingly fragmented
3. Benefits for society seem to be 

decreasing
4. Economic burden increasing to 

unsustainable levels

The causes:
1. No integration plan
2. No data curation plan
3. No plan to link across levels
4. No plan to transfer knowledge 

from animal model to human
5. No plan to go beyond traditional 

classification of diseases
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stellation of symptoms, matches what we 
see in real life, that virtual chain of events 
becomes a candidate for a disease mecha-
nism, and we can even begin to look for 
potential therapeutic targets along it.

This process is intensely iterative. We 
integrate all the data we can find and pro-
gram the model to obey certain biological 
rules, then run a simulation and compare 
the “output,” or resulting behavior of pro-
teins, cells and circuits, with relevant ex-
perimental data. If they do not match, we 
go back and check the accuracy of the data 
and refine the biological rules. If they do 
match, we bring in more data, adding ever 
more detail while expanding our model to 
a larger portion of the brain. As the soft-
ware improves, data integration becomes 
faster and automatic, and the model be-
haves more like the actual biology. Model-
ing the whole brain, when our knowledge 
of cells and synapses is still incomplete, no 
longer seems an impossible dream.

To feed this enterprise, we need data 
and lots of them. Ethical concerns restrict 
the experiments that neuroscientists can 
perform on the human brain, but fortu-
nately the brains of all mammals are built 
according to common rules, with species-
specific variations. Most of what we know 
about the genetics of the mammalian brain 
comes from mice, while monkeys have giv-
en us valuable insights into cognition. We 
can therefore begin by building a unifying 
model of a rodent brain and then using it 
as a starting template from which to de-
velop our human brain model—gradually 
integrating detail after detail. Thus, the 
models of mouse, rat and human brains 
will develop in parallel.

The data that neuroscientists generate 
will help us identify the rules that govern 
brain organization and verify experimen-
tally that our extrapolations—those pre-
dicted chains of causation—match the bi-
ological truth. At the level of cognition, we 
know that very young babies have some 
grasp of the numerical concepts 1, 2 and 3 
but not of higher numbers. When we are 
finally able to model the brain of a new-
born, that model must recapitulate both 
what the baby can do and what it cannot.

A great deal of the data we need al-
ready exist, but they are not easily accessi-
ble. One major challenge for the HBP will 
be to pool and organize them. Take the 
medical arena: those data are going to be 
immensely valuable to us not only be-
cause dysfunction tells us about normal 
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SIMULATION TO DERIVE
A BLUEPRINT OF THE BRAIN

AT ALL SPATIAL SCALES
FROM GENES TO COGNITION

DEVELOP INFORMATICS TECHNOLOGY TO UNIFY OUR 
UNDERSTANDING OF THE HUMAN BRAIN

GOAL



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)
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stellation of symptoms, matches what we 
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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

5. Generate strategically selected missing data 
that will not be generated otherwise

6. Prioritize, optimize and accelerate biological 
experiments

BRAIN SIMULATION
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üPost-Genomics…
üSystems Biology…
ü Integrative Biology…
ü Informatics…
üNeuroscience…
üMathematical Modeling…
üSupercomputer Simulation …
üVisualization…
üAnalysis…

Data Knowledge

Unifying Models



~ 4,000,000
Electrical compartments

(Rall Equations)

(Hodgkin-Huxley Equations)

(Tsodyks-Markram Equations)

10,000 neurons

10,000,000 Synapses

NEURONS

ION CHANNELS

SYNAPSES

80,000,000 Ion  Channels

MODELING: SOME ESSENTIAL EQUATIONS FOR BRAIN SIMULATIONS

Tsodyks & Markram, PNAS,1997



370 Ion Channel genes Expressed in the brain

Combination of ion channels 
determines the electrical phenotype



Experiments: Ion Channel Distributions

üIon channel combinations in different neurons
üIon channel biophysics & models
üIon channel distributions



HH Ion Channel Models
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Markram et al., Nature 
Reviews Neuroscience, 
2004

Experiments: The 
Neuronal Composition



Neuronal Densities and E:I Proportions



Predicting extrinsic connectivity



Kozloski et al., IBM Journal of Research & Development, 2008

Building: Searching for structural touches between neurons
100 million structural touches

Building: the structural connectome



Apply the Neuron-Neuron Connection Probability Matrix

Pconnect

Building: the functional connectome

10 million synapses



BUILDING A CORTICAL COLUMN IN SILICO



A SIMULATED CORTICAL COLUMN





The Neurons: probing the eTypes



Synaptic Numbers & Locations - Experiments

Distance Location



Discovery: Synaptic Positions in the Model MATCH those in Experiments
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Markram et al., PNAS, 1997
Gupta, Toledo & Markram, Science, 2000
Markram et al., Nature Reviews Neuroscience, 2004

6 types of dynamic synapses

Experiments: Dynamic Synaptic Transmission



Silberberg and Markram, Neuron 2007

In silicoExperiment

In vitro In silico

In silico synaptic recordings match in vitro synaptic recordings

Silberberg and Markram, Neuron 2007



MODELLED LFPs IN A CORTICAL COLUMN



Normalized by number of neurons per mType



20Hz Stimulation to Layer IV (100µm)

60Hz Stimulation to Layer IV (100µm)

GAMMA OSCILLATIONS ARE A 
PROPERTY OF THE COLUMN



In vitro In silico

Markram 
et al., 
Nature 
Reviews 
Neuroscien
ce, 2004

~ 4,000,000
Electrical compartments

(Rall Equations)

10,000  neurons

(Hodgkin-Huxley Equations)
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MODELS ARE DATA DRIVEN

MODELS ARE MATHEMATICALLY EXPRESSED

MODELS ARE BIOLOGICALLY VALIDATED



Sensory Input Motor Output

NEURAL COMPUTATION : CHAIN OF EVENTS LEADING TO COGNITION
Processor

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



Building Unifying Models: a roadmap for in silico neuroscience
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Integration of theoretical concepts from animal studies and human images by 
bridging between different scales of acquired data 

PERSPECTIVES

MRI

EEG

DTI

NETWORK 
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MEDICAL INFORMATICS





Figure 38: Scientists identified to participate in the HBP. The scientists listed have agreed to participate in the HBP, if it is approved as a FET Flagship
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