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Commodore CBM3032

CPU 1MHz
RAM 32kB

SERAE!Y Tape ? Byte

ABRETARATLA B/9O(G)—= )91 F T30 E  40XFEX251T
70455, E5E: BASIC

(Wikipedia)



The Blue Brain Project

Modeling the Mammalian Brain (H. Markram)

http://bluebrainproject.epfl.ch/

Rack
1.024 compute nodes

Up to 512 GB memory
Up to 128 I/0 nodes System
Up to 5.6 TFLOPS Up to 64 racks
Up to 65,536 compute
nodes with 32 TB memory
Compute card S (643232 torus) X
2 BCL chips Up to 360 TFLOPS
Up to 1 GB memaory
{512 MB per node) o - Node card
Up to 11.2 GFLOPS .t’" 16 compute cards
{32 compute nodes)
Rz Up to 16 GB memory
- BGL chip Up to 2 VO cards (4 1/0 nodes)
Dwwal 700 MHz CPUs Up to 150 GFLOPS
4MBL3

Upto 5.6 GFLOPS
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- Marr’s 3 levels -

Computational Theory What should the brain

ﬁ compute?

How is the computation
decomposed into finite
steps?

Algorism

SRS e g

David Marr (1945~1980)

How are the computations
[Network mechanisms) implemented by neural

networks?
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(Herculano-Houzel et al., PNAS 2006)

Species Body mass, g Brain mass, g Total neurons, x 106
Tree shrew 1725 + 3.5 2.752 = 0.011 261.40
Marmoset 361.0 - 1.4 7.780 = 0.654 635.80 + 115.73
Galago 946.7 += 102.6 10.150 + 0.060 936.00 = 115.36
Owl monkey 925.0 = 354 15.730 1,468.41
Squirrel monkey n.a. 30.216 3,246.43
Capuchin monkey 3,340.0 52.208 3,690.52
Macaque monkey 3,900.0 87.346 6,376.16
Variation, macaque/marmoset 10.8 11.2x 10.0x
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CHC: Chandelier cell
DBC: Double bouquet cell
BP: Bipolar cell

NGC: Neurogliaform cell
MC: Martinotti cell

CRC: Cajal-Retzius cell
SSC: Spiny stellate cell
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DARPA, SyNAPSE project (Gordon Bell prize)

The Cat is Out of the Bag: Cortical Simulations with
10° Neurons, 103 Synapses

Ananthanarayanan, Esser, Simon ,
and Modha Cortex f?\g,;}.' LN

Thalamus

In a letter sent to IBM CTO from Henry Markram, he said
“... Competition is great, but this is a disgrace and extremely harmful to the

field.”



The Human Brain Project
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Models of Neocortical Layer 5b Pyramidal Cells
Capturing a Wide Range of Dendritic and Perisomatic
Active Properties

Etay Hay'*, Sean Hill?, Felix Schiirmann?, Henry Markram?, Idan Segev'?>
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Parameter ranges for acceptable models in
different experimental conditions




A synaptic organizing principle for cortical
neuronal groups www.pnas.org/cgi/doi/10.1073/pnas.1016051108

Rodrigo Perin, Thomas K. Berger’, and Henry Markram?

“Cell Assemblies”
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Connectmics
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3D Linkage

LT samwr TR VAR TTRNE TUESERE RN TIRRRE AN TR AN TN AL TR L .

Current Opinicn in Neurobiology

a3 /NI DOl (Chklovskii et al., 2010)
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Estimated required speed

1 sec of biological time ~ 10 minutes simulation time

A Single column without learning
P Flops - 8%10% neurons @
5x108 synapses
10T Flops |- Q.
TFlops —~ .~
X ¥
| | L,
Point neuron Conductance-based single-  \yiti-compartment model
model compartment model

Synaptic plasticity (learning rule) > x10

Multiple columns (cognitive functions) = x (# columns)



NEST on K

Neural Simulation Tool:
BEZTH-LGVLEEHEEETIL
DRREERZEESME TSI
L—3r9 470554

g KETDNESTD/NT #—~ > X:phase lll

*High degree of parallelization for hybrid MP
+ OpenMP threads with more than 8000
cores on K

*Excellent scaling up to 4096 cores with
speed-up a > 0.75

*Good scaling for > 8000 cores with speed-
up a =0.68

NEST STDP benchmark, K =10"
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Two-streams hypothesis

“WHERE”" pathway

“WHAT” pathway
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Activity (Hz)
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(Reynolds et al., 1999)
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Top-down processing £
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Top-down signal
Bottom-up signal
Bidirectional signal

= Structure microstimulated

X Structure lesioned

TRENDS in Neurosciences
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80,000 LIF-neurons FERIFRICHION TSR, BRI
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B T, I AR &4 R 75 L eaky-

9@:03 Integrate-fire model T&R IR

I N\ |
(fcn’:?,‘oj EBDERR KD (RRE) EER

-
3
o
s
®
=
t
°
v
¥
°
E
=
[]
£

eoo - Number of neurons
> I O O T
C tivit Elect ol m 10341 10957 2425 7197
b CCIOTOPYSI0iosy | Inh. Neurons [EERPITY 2739 532 1474

Excitatory-to-excitatory connectivity

Layer 2/3 0.1184 0.0846 0.03230 0.0076

Layer 4 0.0077 0.0519 0.0067 0.0453
Layer 5 0.1017 0.0411 0.0758 0.0204
Layer 6 0.0156 0.0211 0.0572 0.0401

Binzegger et al. 04 Thomson et al. 02

Potjans & Diesmann (submitted)



Attention

—
Latéral
Conection ™ I

A

Column 1

»
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Sensory

S

Table 3 | Projection probabilities of bottom-up and top-down inputs.

Sensory Attention
To Excitatory Inhibitory Excitatory Inhibitory
neurons neurons neurons neurons

L2/3 0.0 0.0 0.1 0.085

L4 0.0983 0.0619 0.0 0.0

L5 0.0 0.0 0.1 0.085

L6 0.0 0.0 0.0 0.0

{rontiers fn

COMPUTATIONAL NEUROSCIENCE

Column 2

ORIGINAL RESEARCH ARTICLE

published: 08 July 2011

doi: 10.3389/fncom.2011.00031

=

Layer-dependent attentional processing by top-down signals

in a visual cortical microcircuit model

Nobuhiko Wagatsuma'?*, Tobias C. Potjans®**®, Markus Diesmann’** and Tomoki Fukai'*®
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Time from stimulus onset (ms.)
(Reynolds et al., 1999)
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L4 responses of the

modified model TS, 4EWROED. REFTRDZRE
Layer 4 WEIDBRICEETHDICCaT s
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Differential modulations of the orientation tuning curve in feature

and spatial attention

Feature-based attention

A

enhancement

40 [ fQ P
2\ "\ ’ *
| /

— O - attend-s R
L —o— attend-fi ’ k

response

direction of motion

Space-based attention

1.01 b =197

30 SN

Attended  Unattended |= = = = = 3
Amplitude  0.674 0.55]

Width 37.7 37.6

Normalized Response
o
3]

Feature-based attention increases
the gain and sharpens the tuning
curve (MT & motion stimulus).
(Martinez-Trujillo & Treue, 2004;
Ling, Liu & Carrasco, 2009)

Spatial attention increases the
overall firing rates of the population
responses (V1, V2 & orientation).
(McAdams & Maunsell, 1999; Ling,
Liu & Carrasco, 2009)

0.0 —r——r——r—r—r—Tr——
-90°

Direction

Relative Orientation



Exc-Exc

xc-Inh

Bottom-up Sensory Input
[

Subjct

Sensory Input
Receptive Sensory Input is mainly projected to a
Field (RF) corresponding visual column.

Top-down Spatial Attention
Top-down Attention

Spotlight of RF

Homogenous Projection
to the Subpopulation

Top-down Feature-based
Attention

My target is I !

Top-down Attention

Selective Projection to
the Visual Column
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(Mounsell and Treue, TINS 2006)
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Normalized Response

=4
o

-90°  -60°  -30°  0°  30°  60°  90°
Relative Orientation

(McAdams & Maunsell, 1999)
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24 35 Avd — g 8x10% neurons
%% (~101|:|) X100jjjA 5x108 synapses ’
10T Flopsf- o
-1 sec of biological time
T Flops e ~ 10 minutes simulation time
| | L
Point neuron ~ Conductance-based Multi-

model single-compartment compartment
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D.O. Hebb (1949)
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Spike-Timing-Dependent Plasticity

LTP
LTD

neocortex-layer 5 EXC
Xenopus tectum
hippocampus

INH

GABA-ergic neurons
in hippocampal culture

neocortex-layer 2/3
hippocampus neocortex-layer 4 spiny
stellates

ELL of electric fish
tpre' [post (I'I]S]

Glutamateregic
synapses on FS
interneurons (2007)



Key recent observations

OFTREBIZITERBIZBNED N HHZEN
HM>TEf=, UuEPSP ~ 10 mV!

SBERD T ELFTTRGENE Lognormal

=5
tn

3 ‘;""'3'.1:5’\“. \
Song et al., PLoS Biol (2005)

(rat visual cortex) 0 .

107 10" 10" 10
w EPSP(mV)

P{w) Probability density (1/mV)

Lefort et al. Neuron (2009)

(mouse primary
somatosensory cortex)

Number of connections per 50 ¢V bin

0 1 2 3 4 5 6 001
UEPSP amplitude (mV)
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Lognormal Spike-Timing-Dependent-Plasticity (STDP)
(Gilson and Fukai, PLoS ONE 2011)

| (f.(w) +noise)exp(—At/z,) LTP (At>0)
| (f.(w)+noise)exp(At/z,) LTD (At <0)

hl At — tpost o tpre

0y w

0.025 0.05 0.075 0.1

° Ar= tpost - tpre

Change in EPSC amplitude (%)

'0 -4'0 0 4;) 8’0
Spike timing (ms)

----- van Rossum’s model

new model
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Synchronized spike inputs
@ 5% of excitatory synapses

asynchronous synchronous

.&i synchronous - asynchronous
% (after 500 s) ’%
1. additive STDP

mit-STDP

0.2




Log-STDP [EAARNAVDIHEEBED ERT D HZEITD

Principal component

single neuron spike-timing-dependent
analysis performed by plasticity
STDP output ISOU.
( ) /
Ji -\/] \ J 0 _,_,_,_// /’
‘l/ N —~
o & 110 /
(from left to right, then top input ey - / -
Sl\ time difference u (ms)

to bottom: A to H)

input spike-time input correlation structure

correlogram STDP * PSP response

Crae(-.u)

e( (Hz)
weight change
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(&2}
O

-10
° -40 -20 6 20 40 e spikc—l?mc difference (ms) 100 ( ) ( ) ( ) ( )
u (ms)

selection of spectral

weight evolution weight specialisation
components

weight

0 200 400 1 100 200 300 400
time (s) weight index 0 200 400

Glison, Fukai and Burkitt (in preparation)
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(Hromadka et al., 2008) _ _
Teramae and Fukai (submitted)



letters to nature Spontaneous Cortical Activity Reveals

.............................................................. Hal |marks of an 0pt|ma| Internal
Spontaneously emerging cortical Model of the Environment
rwresentaﬁons Of Visual ath’ibutes Pietro Berkes,'t Gerg® Orban,>*> Maté Lengyel,>* Jozsef Fiser™*>* SCIenCe 201 1
Tal Kenet*, Dmitri Bibitchkov, Misha Tsodyks, Amiram Grinvald
& Amos Arieli

visual stimulation decreasing contrast > no stimulus

X D\

prior f ‘ ) \
posterior (EA) ( : ‘ 3" y posterior = prior (SA)
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Take-home message
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