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Number of newly released CNS drugs
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Cognition

Multi-Scale Challenge

 Human brain®
~90B (10'") nerve cells
~90B glial cells
~0O(10'°) synapses systems

regions
microcircuits

neurons

sSynapses

proteins

 Each cell — a universe**
~0O(10B) proteins/nerve cell

"Herculano-Houzel 2009; ™ Sims et al. 2007
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Position Statement

Status
1. Exponential increase in data
2. Increasingly fragmented
3. Benefits for society decreasing
4. Economic burden increasing

Lacking
1. No integration plan
2. No data curation plan
3. No plan to bridge levels
4. No plan from animal to human
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Unifying Brain Models

Unifying Brain Modelzs

Model Building

Experimental Data Gathering

Worldwide Published Data,
Models and Literature
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ICT

NEUROSCIENCE MEDICINE COMPUTING
Allen Institute launches $300 milion mouse B . §
N ‘Whola exome seguencing and informatics Moare than 612 milion wabsites;
b'a“m“msm"""‘! reveals new genatic kay to autism more than 900 milicn Facebook users
One Mind for Ressarch; $68 targetted > 350 biotechnology-based preducts 1BM Watson wins Jeopardy; BranScaleS;
funding; Active transposons in the human rasulting from Human Genome Preject in ARM shipments exceed 30 billicn;
brain clinical trial 1BM Nsuro
NIH Human Cennectoms Project; Cancer Genome Project; .
MIT Inteligance Intiative cell PRACE, Brain-|-Nets, DARPA Neovison Il
First single call transeriptome l;a'gegern:wmowldeas:odamnm\ues HPC driven real-time realistic gobal
First Eukarya interactome; Cray XT5 Petafiop on superconductive

Janglia Farms founded; NIH Open Access
Polcy to enhance knovdedge cissamination
Decade of the Mind

doeep brain stimulation 1o move muscles

Visual prosthatics, HT-DNA sequmung-
ambryonic stem cells from human

Optegenetics technclogy

International Neurcin‘ermatics Coordinating
Facility INCF) ‘ounded: Blue Brain Project
launched

materiais; DARPA SyNAFSE project started
Appla Phone

meammlsaaandmmn
pearsonal genomics; BrainGate System for

HapMap and First Gancme Wide
Association Study; identification of human
mirccRANA

Amazon Cloud, SpiNNaker Project;
real-tima animation of digital human bodies

FACETS, DAISY, COLAMN, DAFIPAAug

" . ADNI founded; comparative gancmic INTEL Dual Core; DARPA Neowision |;
Champalimaud Foundation launches new .y E 3
rain ch institute, s €500M analysis identifies cause for Bardet-Biedl F triggers social g
Paul Allen founds the Allen Institute to map
the mouse & ome: commits $100M Human genoms complated About 1 billion PCs sold
Earth simulater
NEST Largs-scals neural netwiork simulator Y
First draft human and meuse genome;
Institute of Systems Biclogy hurman testing of an Alzheimer's diseass
vaccine
Structural Genomics Project;
fruit fly secuenced
Crystal structure of an ion channel; Cray T3E Terafiop ling metalic
GatsbyOor[ghNeL.romIm&luhm. Stem cell tharapy MDA Siicen Brain Program
Pretein accumulation in human
diseases Geogle founded
Dolly, the clenad MDA Silicen Neuron ram
Real-time image-based rendering; JAVA:
First bacterial genome Voctor Machines
First HIV {anti-AIDS) treatmant; gane therapy WWW Foundation launched;
via implanted transformed fibroblas GPS live with 24 satellites
Int. Consortium for Brain Mapping; Huntington's disease gens idantified;
NIH Human Brain interferan for scierosis e " the word
First whole head MEG systern; fMRI Self-folging prion proteins —
Armyloid hypothasis of Alzhaimer's Disease; Metion capture technology for guiding
" term “evidence-based medicine” coined |~ T | virtual robots
JS'I o SCOPS 1990 First human viral gene therapy 1990 WWW technolegy
DNA microarray technology for 1989 1089 INTEL Blectrically Trainable Artificial
Neural Network
Siicon retina publshed; 45 milion PCs
1988 1888  in the USA; TAT-8, first transatlantic fiber
optic cabls
Deep-brain electrical stimulation; Cray YMP Gigafiop on frite elament
1887 laser surgery on human comea; 1887 = analysis Thinking Machine with 65536
meningitis vaccine devdloped | processors
Mapping of the structure ) I
of C.elegans nervous system 1986 1886 = Radiosity rendering for scene illuminaticn
1085 TMS -Transmagnetic stimuiation; 1085 First Gigaflcp supercomputer;
DNA sequancer; surgical robots | First ARM processor
Transgenic mouse preduced;
Bottzman maching 1994 1984
Cyindric PET scan; Poly A DNA (=]
Chain Reaction technology (PCR) HE discovary of HV 1963
The Hopfield Artificial Neural Network; _—— \ )
WMemoiAmﬁ(':\‘dmNeuai 1882 al in seq 1882  First 32 bit microprocessor
Magnetic Resonance Imaging (MRI) | 1981 wws"gwmm,m. rsfounded | 4gg1 | 1aM Personal Computer
| Recursive ray tracing and new algorithms
1980 WHO declares smallpox eradicated 1980 for realistic scene rendaring
1979 Anti-viral rugs 1979
Patch Clamp techniqus = 1978 | Test-tube baby born; first learrmlam 1978 |
YEARS /ANS CERN " First Molocular Dynarics smulation of 1977 First DNA sequancing 1977
aprotein first virus sequanced
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Performance Development of Supercomputers

1 Eflop/s

100 Pflop/s

10 PﬂOp/S IBM Sequoia
Roadrunner BlueGene/Q
1 Pflop/s
Fujitsu
100 Tflop/s - ™ K Computer
NEC 60.82 TFlop/s
10 Tflop/s jﬂ—ﬂ/ Earth Simulator ’
. | IBMASCI White ]
1 Tflop/s F_E,.m-u—m—ﬂ/ Intel ASCI Red LLNL Notebook
100 Gflop/s—- - ance *
Fujitsu N=500 Notebook
NWT NAL
10 Gflop/s *
1 Gflop/s A
400 MFlop/s Notebook <
100 Mﬂop/S | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1
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Learning from the Brain

Biological Brain

User Configurability

Compactness Accessibility

Energy Efficiency Time

Numerical Neuromorphic

User Configurability

Compactness Accessibility

Energy Efficiency Time
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Numerical Simulation

User Configurability

Compactness Accessibility

Energy Efficiency Time

Physical Neuromorphic

User Configurability

Compactness Accessibility

Energy Efficiency Time
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The Human Brain Project

Future
Medicine

Future
Computing

Future
Use ICT as a Neuroscience

catalyst for a global
collaborative effort
to understand the
human brain, its
diseases and
ultimately to
emulate its
computational
capabillities.
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First Draft Multi-scale Human Brain
(M120)
First Draft Multi-scale
Mouse Brain (M90)

admap of the HBP

First Draft Cellular Mouse Brain

(M60)
BrainScaleS
SpiNNaker
Neuromorphic Computing
CHUV
INCF Medical Informatics

Julich BigBrain

Blue Brain Proje

JSC
' CSCS ' ' '
CINECA contribute use contribute use contribute use

BSC
KIT

v

pre HBP HBP ramp up | HBP FPA
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The Human Brain Project

FET Flagship Idea
Funded from ICT branch
100MEuro/a for 10 years

Ramp-up Phase (2 2 years)
FP7 (54MEur)
112 partner institutions
24 countries

Operational Phase (7 'z years)
H2020
FPA+Partner Projects
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Contacts

The Human Brain Project Consortium
http://www.humanbrainproject.eu

Contacts: & )
Prof. Henry Markram QIP
Director Blue Brain Project )
Coordinator Human Brain Project Human Brain Project

Email: henry.markram@epfl.ch

Prof. Felix Scharmann .(I)fl-

Blue Brain Project — Co-Director, Head of Computing  tcorr poLyTeCENIQUE
Email: felix.schuermann@epfl.ch FEDERALE DE LAUSANNE
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