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Team

modeling reproducibility

RS Grun Statistical Neuro

-

Maximilian Schmidt ~ Sacha J van Albada Sonja Gruen

others mentioned on the way
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Model components in neuroscience

emerging network activity

[\

model = structure + dynamics
(anatomy) (activity)

\

plasticity

Apr 24-29 2016 Sao Paulo 3
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Top-down and bottom-up

the computer analogy:

system computer brain
top multiplication maze navigation | system-level behavior
Y Y
logical algorithm TD-learning system-level theory
) 07
electrical circuit | neuronal network
fr mr
transistor |&F neuron model
) )
bottom electrons spikes (bio)physics

comparison between levels: compatibility and consistency

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo 4
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Interactions between neurons

In vitro
o
g-ﬁﬂ- //P/\ 1
&
Arey ;>'80'
90t .
| 0 50 100 150 200 250
0.1}
ik

0 50 160:' 156 200 250
t (ms)

= current injection into pre-synaptic neuron

causes excursions of membrane potential

= supra-threshold value causes spike
transmitted to post-synaptic neuron

= post-synaptic neuron responds with small
excursion of potential after delay

= inhibitory neurons (20%) cause negative
excursion

Apr 24-29 2016 Sao Paulo
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iNn Vivo

0 100 200 300 400 500
t (ms)

each neuron receives input from
10,000 other neurons

causing large fluctuations of
membrane potential

emission rate of 1 to 10 spikes
per second
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Realistic local cortical networks

= connectivity ¢ = 0.1

10% | ]
= synapses per neuron = 104 el 2 0 1] slope
() |
= minimal network size = 10° 51011 -
S 10
o I
210" | |
> | i
" network N = 10° S 10° | . SR
E : | 10.6 2
. . 3L 1 1 o
= considered elementary unit g 10 | L,
. 10* | ! T
= corresponding to 1 mm?3 020706 10

10 10% 10° 107
neurons

" total number of synapses = (cN) - N = possible

Morrison A, Mehring C, Geisel T, Aertsen A, Diesmann M (2005) Neural Comput 17(8):1776-1801
Morrison A, Straube S, Plesser HE, Diesmann M (2007) Neural Comput 19(1):47-79
Apr 24-29 2016 Sao Paulo 6



haft

Mitglied der Helmholtz-Gemeinsc

JARAIBRAIN

o

Minimal layered cortical network model

B 1mm3
m 1 billion synapses, 100,000 neurons
m 2 populations of neurons per layer:
m E: Excitatory
m |: Inhibitory
m E and | identical neuronal dynamics

m l|aterally homogeneous connectivity

m layer- and type-specific Ci’;-y

Apr 24-29 2016 Sao Paulo
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background input

thalamo-cortical input
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Anatomical data sets
In vivo anatomy

in vitro physiology

Mitglied der Helmholtz-Gemeinschaft

L

| N —
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[ ] e O L]
o e ™ Type of connection? Connectivity ratio
A L5 pyramid to L5 pyramid 1:11 (15:163)
12/3 pyramid to L2/3 pyramid 1:4 (65:247)
1:10 (8:81)
L4 excitatory to L4 excitatory 1:5.7 (4:23)
! L3 pyramid to L5 pyramid 1:1.8(16:29)
@ L4 [Postsynaptic apical dendrite]
1:1(2:2)
o8| [iagf a5 L5 pyramid to L3 pyramid 1:29
14 excitatory to L3 pyramid 1:3.6 (7:29)
; (Presynaptic spiny stellates) (n = 4) 1:10 (7:70)
23, L;}"‘ L5 pyramid to L5 interneuron 1:104 (7:73)
= o I L5 interneuron to L5 pyramid 1:8(3:73)

@ (Binzegger et al. 2004)

Apr 24-29 2016 Sao Paulo
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L ocal cortical microcircuit

taking into account layer and neuron-type specific ol
connectivity is sufficient to reproduce e

. A - . * . **s . 3
experimentally observed: bt

(7 oz

asynchronous-irregular spiking of
neu rons background input

= higher spike rate of inhibitory neurons 9,Q\, )

—

!
t
SN RN

= correct distribution of spike rates /
across layers ; T
: 3
= integrates knowledge of more than R m 1 . :
50 experimental papers o e e e
| | ) - 105 neurons Ny o g I
o the ocal coriel metwork oxplans prominent festures o newronal | 10° Synapses g

activity. Cerebral Cortex 24 (3): 785-806

time [ms]

available at: www.opensourcebrain.orq

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo 9
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Response to transient inputs
A . B

r)) . ot
N AR L2/3e )’(IL |5 e

vt XP o Lde

R L
-1.'..'.31
R o

il o B L5e

(e

L6e o~

& <s
F

evoked response

@ L2/3

0]

>

o *
o

'*E L5 *k
& L5/6 " *

15 20 25

: i Mean peak latency (ms)
= i Sakata and Harris (2009) Neuron

Mitglied der Helmholtz-Gemeinschaft
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= collaboration with Gaute Einevoll (UMB, Norway)
NEURON
ne St : : HLFP for empirically-based simulations of
simulated() PR p— m-- neurons and networks of neurons
S ‘Morphology Laminar LFP profile
= '\ ““»’ F“| :_‘:.i*.”\ ‘"\ '\I:jlr\w \J .'u"‘ Wﬂm W
i L2/3 '.i. e o
! i, i i YA ey A 1
g + e ‘ — By TN
: L4 pig T" H — :ANIZE» U 'J\W M«V'v “'-“w‘.r h
. ‘ mhn,lrwgwwm W:ﬂ:wwww
E th.12 a!"\.‘l‘lwb'f“‘
s : ;’t:'r“iw‘;“ﬁmﬁwmm
L6 & 100pm ) e :
I e I &
@ > s
s . Spatial reach of 2 T
8 100 zon. 300 400 o /’ -
% e the LFPeIeclrode -§ : ///, -— ncorr
£ Linden H, Tetzlaff T, Potjans TC, Pettersen KH, Griin S, s %*‘ e
3 Diesmann M, Einevoll GT (2011) Modeling the spatial "wo E—
£ reach of the LFP. Neuron 72(5):859-872 population radius R
g

Apr 24-29 2016 Sao Paulo 11
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Critique of local network model

a network of networks with at least three levels of organization:

e
mircuit

1 ms delay

ared®

’(.a\’get de\a\l

Human cortex:

10%° neurons

10%* synapses

= neurons in local microcircuit models are missing 50% of synapses
= e.g., power spectrum shows discrepancies, slow oscillations missing
= solution by taking brain-scale anatomy into account

Apr 24-29 2016 Sao Paulo 12
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Meso- and macro-scale measures

brain-scale networks basis for:

= further measures by
forward modeling

= comparison with
mean-field models

Mes0oSscopic measures
= |ocal field potential (LFP)
= voltage sensitive dyes (VSD)

and macroscopic measures
= EEG, MEG
= fMRI resting state networks

Apr 24-29 2016 Sao Paulo
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Feasibility and necessity

= Can we do simulations at the brain scale?

= Do we need to simulate full scale (at cellular resolution)?

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo 14
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{fronfiers in ORIGINAL RESEARCH ARTICLE =~
- published: 02 November 2012 :
NEUROINFORMA“CS doi: 10.3389/fninf.2012.00026 @

Supercomputers ready for use as discovery machines for
neuroscience

Moritz Helias?*, Susanne Kunkel'**, Gen Masumoto®, Jun Igarashi®, Jochen Martin Eppler’, Shin Ishii’,
Tomoki Fukai®, Abigail Morrison'>*# and Markus Diesmann??4?

" Institute of Neuroscience and Medicine (INM-6), Computational and Systems Neuroscience, Jilich Research Centre, Jilich, Gerii.

? RIKEN Brain Science Institute, Wako, Japan

7 Simulation Laboratory Neuroscience — Bernstein Facility for Simulation and Database Technology, Institute for Advanced Simulation. Ifilich A=
Alliance, Jilich Research Centre, Jilich, Germany

* Bernstein Center Freiburg, Albert-Ludwig University of Freiburg, Freiburg, Germany

fronfiers im ORIGINAL RESEARCH ARTICLE .
NEUROINFORMATICS e

Spiking network simulation code for petascale computers

Susanne Kunkel'?*, Maximilian Schmidt?®, Jochen M. Eppler?, Hans E. Plesser®**, Gen Masumoto®,
Jun Igarashi®’, Shin Ishii®, Tomoki Fukai’, Abigail Morrison'?°, Markus Diesmann®>" and
Moritz Helias %3

" Simulation Laboratory Neuroscience — Bernstein Facility for Simulation and Database Technology, Institute for Advanced Simulation, Jilich Aachen Research
Alliance, Jilich Research Centre, Jllich, Germany

? Programming Environment Research Team, RIKEN Advanced Institute for Computational Science, Kobe, Japan

? Institute of Neuroscience and Medicine (INM-8), Institute for Advanced Simulation (IAS-6), Jilich Research Centre and JARA, Jilich, Germany

“ Department of Mathematical Sciences and Technology, Norwegian University of Life Sciences, Aas, Norway

Apr 24-29 2016 Sao Paulo 15
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NEST — Maximum network size

1 T T T T T
10° -“:AA
" using 663,552 cores of K N e
10°% brmmmmmeem e PR (LEEEEEEPEEEPEES
. : ‘,.:‘x'.
" using 229,376 cores of JUQUEEN .} vk
([ T L ERLLETETES
2 A
" worst case: random network far®
10" k
= exc-exc STDP ;
10° W | | | | |
GRS Y L N L 66,556'?«

= |argest general network simulation performed to date:
= 1.86x10° neurons, 6000 synapses per neuron

= 1.08x10° neurons, 6000 synapses per neuron
nest::

NEST simulation software
16

haft
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NEST — Scaling of run time

10% , , . .
= runtime for 1 second biological time: :
= petween 6 and 42 min on K computer = Sl ‘“'::::‘, .
" between 8 and 41 min on JUQUEEN 5 ?:;;.,:3‘___,..—4:-‘3'-'-""
= wiring: between 3 and 15 min 2 _l o |
" N I 663661
MT

aft

 still not fast enough for studies of plasticity
* need to increase multi-threading

Mitglied der Helmholtz-Gemeinsch

17
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Feasibility and necessity

- v

= Do we need to simulate full scale (at cellular resolution)?

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo 18
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Measure of neural interaction: Cross-Correlation """

S N T Y O R N | |
S +wirr +1r 1t 1 bl I
! —
— t
| —
: = »
- 1
v
A
T

The cross-correlation represents the probability of finding any spike in train s, as a
function of time before or after a spike in train's, : p(t) = [ 5,(t)s,(t — T)dt

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo Perkel et al, 1967 19
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Cross-corrEIation FORSCHUNGSZENTRUM
NI |
O T T O T T T T I T
— B
/

v

The cross-correlation represents the probability of finding any spike in train s, as a
function of time before or after a spike in train's, : p(t) = [ 5,(t)s,(t — T)dt

Apr 24-29 2016 Sao Paulo Perkel et al, 1967 20



#) JULICH

Cross-corrEIation FORSCHUNGSZENTRUM
s, L 1 11 11 | | .| |
O T T T R N T I R
: : t

A

A
A

A

A

A
A

»

The cross-correlation represents the probability of finding any spike in train s, as a
function of time before or after a spike in train's, : p(t) = [ 5,(t)s,(t — T)dt

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo Perkel et al, 1967 21
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Cross-Correlation Histogram: Binning

»

[N S [ I S N [ Iy (S )y S S ([ [ (S v [ (N I S A I
| I I D I D R D A A R IR A N R D D R D D D R D A R R D N D D D R DR R |

The cross-correlation histogram results by binning of the cross-correlation function

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo Perkel et al, 1967 22



Cross-Correlation Histogram (CCH)

A

counts

T (ms)

* number of coincidences for each time delay t
e often task of neuroscientist: significance of correlation

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo
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Analysis of
Parallel
Spike Trains

11/ "
bin i
(Y

Py -
Editors &) Springer

Sonja Griin
Stefan Rotter

23
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Perception Related Correlation

A 1 L 1 ‘_I

=h! 150 E1 =
L] 30
nz.

: :
& &

2 2
a 3
t 4

Q T ] r

G2 0 +H53 -G53 Q +53

S pike Tirne Differancs [miz ] Spike Time Ciffisrencs [mz ]
Freiwald et al (1995) NeuroReport 6: 2348--2352

e Simultaneous recording of two single units (stereotrodes) from different
colums of visual cortex (A17) of cat

* Long bar condition induces synchronized spike responses

* Dual bar condition: absence of synchronization

- interpretation: Gestalt perception requires binding (by synchrony)

Apr 24-29 2016 Sao Paulo 24
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Functional Correlation
Heuron 1 = 5406 Heuron 1 = 6791
Reuron J = 1648 Heuron J = 21158
10 auditory’ " visual °

spikes

Time (msec) Time (msec)

Sakurai, Y. (1999) Neuroscience & Biobehavioral Reviews 23: 785-796

e two simultaneously recorded neurons in CAl of a rat performing an auditory
or visual discrimination task

» task related correlation only for visual task (although spike rates in same
range in both tasks)

—> interpretation: these two neurons belong to a cell assembly processing visual

information

Apr 24-29 2016 Sao Paulo 25
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Networks generally not reducible

@PLOS | E%TS‘(’;LMIONM Browse  Publish = About

3 OPENACCESS i PEER-REVIEWED

RESEARCH ARTICLE

Scalability of Asynchronous Networks Is Limited by One-to-One
Mapping between Effective Connectivity and Correlations

Sacha Jennifer van Albada [&, Moritz Helias, Markus Diesmann

Published: September 1, 2015 « DOI: 10.1371/journal.pcbi.1004490

Article Comments Related Content
¥

= downscaling works well for first order statistics like spike rate
= severe constraints already for second order like spike correlation
= gpike correlation drives mesoscopic measures like LFP and EEG

Mitglied der Helmholtz-Gemeinschaft

Apr 24-29 2016 Sao Paulo 26
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Effective connectivity and correlations

7 o ™ 4 ) 4 N
Suscc.eptibility x Connectivity| Effectjc\./e.t
connectivity
S.(u,0) JiK; —1
[ * Wi'
. o/ . J . b
4 ™ 4 N
Effective
Correlations| [ .
Cij -f Conn\i;:tIVIty
N y | A L

One-to-one under:

fixed single-neuron parameters and delays
stationarity

diffusion approximation

absence of degeneracies

Mitglied der Helmholtz-Gemeinschaft
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Uniqueness of effective connectivity

e forsingle-population binary network with d = 0, 0.0030
Correlation /" Autocorrelation, determined by mean activity 0.0025}
\ s S 0.0020
NG \\» | | o 0.0015}
. 4) Time constant of neuronal dynamics £ 0010l
Time lag S
Number of neurons
. . 0.0005}
- W uniquely determines temporal structure 0.0000 b—

~20-15-10 =5 0 5 10 15 20

~ ii(l)dkl
* more generally, C;j(w) =X f (Wkl iiiwrk) A (ms)

— each Wy, determines unique w-dependence unless some delays are equal

* narrower set of exceptions when transfer functions are identical

. - J

4 ) r B
g Effective :

: connectivity —1 f—l Correlations
% W —1 o

Apr 24-29 2016 Sao Paulo 28
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Feasibility and necessity

Mitglied der Helmholtz-Gemeinschaft
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Toward a self-consistent model

Relative contribution

10-2 107! 100 10! 102 10°
Area size of V1 (mm?)

I. Intra-areal synapses

®"  Sacha van Albada
Maximilian Schmidt
= Rembrandt Bakker

Apr 24-29 2016 Sao Paulo 30

lll. Cortico-cortical synapses
IV. External input represented by random input

Mitglied der Helmholtz-Gemeinschaft
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Multi-area model of macaque visual cortex

- rich anatomical data sets available (e.g CoCoMac)

- close to human

- 32 areas structured in layers comprising 8-108 neurons
- downscaled model with 4.1-10% neurons and 3.9-1010 synapses

A

B 23
B L4
S HE s
I L6

20

10 |-

Neuron density (10*/mm?)

2 3 4 5 6 7 8
Architectural type

architectural types from Hilgetag et al. (2015)
with data by Helen Barbas

Apr 24-29 2016 Sao Paulo

I
11

Agranular Dysgranular Eulaminate | Eulaminate I

From Dombrowski et al. (2001), Cereb Cortex

31
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Construction of cortico-cortical connectivity

CoCoMac FLN from Markov et al. 2014
AR ™ T T g 107
V2
VP
V3
i
gé ES D b EE
© MPIS ENE U P . 10_2
o B e E——
1+ P
— P
[ P
(=]
1+ —
= 101
. 10-6
S R S T S B T P A

wn™
(o]
c
-~
Q
D
»
[¢]
[4h]

o=

1

100
_2 -
=
=
=,
© 102 % -4}
- o g
s © ‘s
2 o] v
3 o -6 | .
s 104 T R R
X 0 5 60 70
é Distance (mm)
©
I
3 10-6 Ercsey-Ravasz et al.
% ;2%«55'@5&%%%%5% Eb&ﬁ".ﬂﬁ&? (20 1 3) ’ Neuron
= Source area

Apr 24-29 2016 Sao Paulo 32
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Stabilization of multi-area network

HA

= partly quiescent low
activity (LA) 2138

2/3l
= unrealistic high activity 4E
(HA) =

= goal: Increase excitation

5l
while preserving global 6l
Stablllty Architectgral type ° Architectgral type

= method: control location of
separatrix by modifying /
model connectivity

102

10°

Population
v(spikes/s)

LA stabilized

i I I T T

10!
I 10°
101

1 _lq
1 1 1 | | 10—2
5 4 2

87

102

= inclusion of dynamical
constraints into model
definition

= feedback link to structural
experiments

activity of pop 2
v(spikes/s)

Architectural type

activity of pop 1

Schuecker J, Schmidt M, van Albada SJ, Diesmann M, Helias M (2016) arXiv:1509.03162

Mitglied der Helmholtz-Gemeinschaft
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Structural connectivity reveals functionally
relevant community structure

clustering by map equation method (Rosvall et al. 2010)

Apr 24-29 2016 Sao Paulo 34
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Multi-area model: Dynamical results

= stable resting state with heterogeneous laminar rate patterns and irregular firing
= cortico-cortical interactions trigger increased time scales in higher visual areas

A: V1 B: V2 C: PITv D
Tty . h . £ ’-_ ‘_ \
) A V1:2.0 ms = LIP: 166.9 ms
o § 1 Ky 4 —— V2:2.0ms = PITv: 159.8 ms
. 0
L 10 — MT:149.4ms = 46:59.6ms
.oe =
- o
0 50 100 =
Rate (spikes/s) o
E 8 10—1
-+ $=]
- z
HEER— 1
L4 E W
L4 —_—— -
- 10-2
: 0 20 40 60 80
I S T Time (ms)
3 cn.n Ini? 0.4 g:ﬁ‘ . B
: arrelation coefclen 500
3 F
Ls 2 -
s E it g o 400
; ,‘i 1 — - s
b =l 8 300
- 1+ — - £
L6 | L6 . T . L6 - =
ki ' ] 1~ 2 200
g 4 . o oy 7 T = £
3 : ; A e g £
< 2750 3000 3250 2750 3000 3250 2750 3000 3250 ] 1 2 £ 100
= Time (ms) Time (ms) Time (ms) Irregularity
(]
Q G . 60 l Vi 0
N w
= - n|;| LAt ) e s Lo e L redensatondng, Y S N |
: £ 7 87 6 5 4 2
o] & 0[1 PERPVREEE TN WPIPEN [P SURIPEE VY [ P e N . A ls . ) Architectural type
T g PITv
3 a 6 I DT ST [T et ] TNV TR IO |
? 1000 5000 10000
> Time (ms)
g
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Multi-area model: Dynamical results

Temporal hierarchy _

= activity propagates in feedback direction
" inter-area interactions mimic experimental resting-state fMRI

‘©
€
z 2 o
T > & €
| ) = ‘o
2o £ S
O = .g %
2 < ” v
R g Q
A: FC simulated B: FC experimental L0 C
] ] IL. 3 [] N
! R
% : = 0.5 =
'8 % - n n L
2 L L] - u 0
S u | 0.0 =
hid | .
% ST . [ -' u —0.5 2E
-1.0
D: similarity of sim to exp FC
o =
& g, A a
& bl 0.4} A a
o E 0 h o e s s s s s s s s S —
E j Ly : anatomy
[ ] -]
) t -t g 021 4 A
o | | =
g af - .
i : 3 0.0 | i
= ATt Tl L oy 2T e Rl B b Ty % o:eb. En I L |
PRI TERRNETERET 1.0 1.5

2.0
Cortico-cortical weight factor A
FC sorted according to Louvain clustering (Blondel et al. 2008)

Schmidt M, Bakker R, Shen K, Bezgin G, Hilgetag CC, Diesmann M, van Albada SJ (2016) arXiv:1511.09364

Mitglied der Helmholtz-Gemeinschaft
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Key Challenge

- Reproducibility is the ability of an entire experiment or study
to be duplicated, either by the same researcher or by
someone else working independently. Reproducing an
experiment is called replicating it. Reproducibility is one of
the main principles of the scientific method.

[From Wikipedia]

" here we are talking about the reproducibility of modeling
and analysis, not experiments

Apr 24-29 2016 Sao Paulo 37
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Simplest example

- PhD student left the lab, now the reviews came back,
and another person wants to reproduce a figure of the

manuscript
— as experience shows in most cases this does not work

Apr 24-29 2016 Sao Paulo 38
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Consequences of current situation

- slow down of scientific progress f:‘f’;&wmﬁ” — e
. e [ttt e,

- complexity barrier: without new _,_L
technologies more advanced AT
modeling and analysis impossible § B
— violation of “discovering truth by |
building on previous discoveries”

- reduced efficiency of use of research
funds :

Isaac Newton: “If | have seen further,
it is by standing on the shoulders of
giants” [from: Wikipedia]

Apr 24-29 2016 Sao Paulo 39
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New journals emerge T
- Scientific Data: www.nature.com/sdata/ SCIENTIFIC D AT At
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Principles

Scientific Data is a new open-access, online-only journal fol descriptions of scientifically valuable |
Our articles, known as Data Descriptors, combine traditional narrative content with curated,

structured descriptions (metadata) of the published data to provide a new framework for data-sharing

and -reuse that we believe will ultimately accelerate the pace of scientific discovery.

- ReScience: github.com/ReScience/ReScience/wiki

ReScience is a peerreviewed journal that targets computational research and encourages
explicit replication of already published research Jpromoting new and open-source
implementations in order to ensure that the original research is reproducible. To achieve
such a goal, the whole editing chain is radically different from any other traditional
scientific journal. ReScience lives on github where each new implementation is made

available together with comments, explanations and tests. Each submission takes the form
of a pull request that is publicly reviewed and tested in order to guarantee that any

-
researcher can re-use it. If you ever replicated computational results from the literature in ReSC|ence
. . . . . . Reproducible science i good. Rephcated science is better:
your research, ReScience is the perfect place to publish this new implementation.
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http://www.nature.com/sdata/
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Levels of reproducibility

- in the weakest sense: running the same program leads to
the same result

- actually wanted: reproducibility in the stronger sense, i.e.
conceptual insight, control, understanding

We have been unable to compile this original imple-
mentation but we were able to run the provided Windows executable. We found some
factual errors in the original article that have been corrected in this implementation.

From: [Re] Interaction between cognitive and motor cortico-
basal ganglia loops during decision making: a computational
study, M. Topalidou and N.P. Rougier, ReScience, volume 1,
issue 1, 2015.
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Collaboration: conditions and consequences

image [S4 logic

= have experience from other branches of
science

= example of high energy physics
(982 pages)

= accounts of the sociological and
organizational problems are elucidating

= 3 cultural transformation was induced

= even better example may be meteorology VRNZEREIT

. CULTURE OF
N\ MICROPHYSICS

peter galison
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Infrastructure for collaborative work

= |ong-term support of tools

= infrastructure for collaboration of scientists

= nfrastructure for data integration and model re-use
= Infrastructure for provenance tracking and review

= HBP platform open since We March 30th 2016
check https://collab.humanbrainproject.eu
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A Collaboratory

4 Modeling N [ Analysis ) /Visualization\

— Jupyter Notebook = Jupyter Notebook
Task framework Task framework ‘k
y v dCache

*PyNN ViSTA

nest:: RN
1
simulated() B&Y ne _

o

\JUQUEEN / k JURECA / \ j

Provenance Tracking

= mapping of the complete integrative loop of research
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Collaboratory, example
@ COLLABORATORY WOVE  COllABS  HELP  FEEDBACK g = Poe

B Cortical Microcircuit Simulation Collab

Navigation ADD £  Workspace Overview & I Collaboration v
1 1 1 1 1 1 2 5 members in this collab
overview Cortical microcircuit simulation s
e rs This Collab corresponds to use case 020 in Use Cases SP6 . jﬂﬂz } ﬂ ra
se Lases The Collab demonstrates interactive and collaborative research with a full scale neuronal network model. Full scale means that the model represents a
particular biological circuit with neurons and synapses at their natural density. a multi-layered microcircuit model of early sensory cortex . The model (
Storage Potjans, T. C., & Diesmann, M. (2014) Cerebral Cortex 24(3):785-806 ) represents 1 mm? of cortex and contains around 100,000 spiking point-neurons background input 9
connected by around 1 billion synapses in four cortical layers. Each layer contains an excitatory and an inhibitory neuron population which are I'
Parameters Notebook interconnected with cell-type and layer specific connection probabilities derived from experimental data. ;’7 — -
The App Microcircuit Task is a Task for a simulation of the microcircuit model. RSN ﬁ H
Microcircuit Task The simulation code is a PyNN ( hitp://neuralensemble.org/PyNN/ , Software Catalog) implementation based on a public version with NEST ( rﬂ i
http://www.nest-simulator.org/ , Software Catalog) as simulator backend. E o v
List Jobs (HPC) It is possible to run the simulation either directly on the Collaboratory's local resources (cscs_viz) or on an HPC system via UNICORE. The Juelich = 6
supercomputer JUQUEEN can be selected. Note that access to HPC sites requires to undergo an application procedure for computing time. For getting 8 ‘ 1 just added a first version
Microcircuit Notebook test access to JUQUEEN please contact HBP-HP C-Platform@iz-juelich.de . E 1
$ é of a workflow figure to
Figure 1 illustrates the possible workflows that can be realized in this Collab including interactive computing with Jupyter Notebooks, the H Overview.
Job Manager Collaboratory's Task framework and submitting simulation jobs to an HPC site. 2 Cﬁg
£ & -
Team / 3 5 \
Microcircuit Task OR Local
S Coadbyarl resources
Settings *  GUluser rﬁ nice to also see your face

= cscs_viz

now

parameters

Collab Storage
*  microcircuit.py
+ config.yaml

Collab Storage
+ spikes.gdf
*  activity.png

nest
_/ Send a message

Figure 1: Workflows realized in this Collab. Activity >

Collab Walkthrough Provenance >

Microcircuit
Notebook
* Py
yaml

=9 |
ﬁ; | like the overview page.

2

Notebook
*  Moedify files

= example “collab”
= mapping of complex workflows
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Collaboratory, example
@ COLLABORATORY HOME  COLLABS  HELP  FEEDBACK f@

@ cortical Microcircuit Simulation Collab

Po

L34
v

Navigation ADD %t Workspace Parameters Notebook L] Collaboration v

+ < @ B 44 4 M B C  Markdown :I Cell Teolbar: None :I =] 5 members in this collab
Overview

# WHeELNer Lo recuruy Lorrewdoaons <
record_corr: false, 3 w fw
Use Cases SP6 - 4 “ A

# Whether to save connections to file.
# Even if save connections is set to True, at the moment connections are not

Storage # saved because the output exceeds the user's default capacity on the Collaboratory.
save_connections: false}
Parameters Notebook # Simulator back-end, currently it has to be nest S
simulator: nest very
Microcircuit Task simulator_params: of the current collab’s chat.
nest: {max delay: 100.0, min delay: 0.1, sim duration: 1000.0, threads: 1, timestep: 0.1} Start using it to collaborate
List Jobs (HPC) # Parameters for plots of spiking activity with your team!
plot_spiking_activity: true
Microcircuit Notebook # Fraction of recorded neurons to include in raster plot |
frac_to_plot: 0.5
Job Manager # Excitatery and Inhibitory population I fﬂ AY,JS please add
pops: {E: 0, I:. 1} E hyperlinks to the
~eam # raster_t_min and raster_t_max include the time scaling factor ) ‘ publications
# if raster t max == 'sim duration': plot for the whole duration of the simulation /
# else: enter float
settings raster_t_max: sim_duration i Done!

raster t min: 0.0
# In-degrees for external inputs
K_ext: fﬂ thanks
L23: {E: 1660, I: 1500}
L4: {E: 2100, I: 1900}
L5: {E: 2000, I: 1900}
L6: {E: 2900, I: 2160}

# Numbers of neurons in full-scale model Send a message
N full:
L23: {E: 20683, I: 5834} o
La: {E: 21915, I: 5479} Activity >
L5: {E: 4850, I: 1065}
L6: {E: 14395, I: 2948} Provenance >

# Mean and standard deviation of initial membrane potential distribution -

Human Brain Project, 2015

= research on integration with style of work of computational
neuroscientist (python notebook)
Apr 24-29 2016 Sao Paulo 46
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Summary

= full-scale model explains prominent features of network activity

= |s building block of further studies (www.opensourcebrain.org)

" need for brain-scale models
" Increase self consistency
= compute meso- and macroscopic measures of activity

" need for full-scale models
= irreducibility
= verify mean-field results

= machines ready for use by neuroscience (www.nest-initiative.org)

= full-scale model of macaque visual cortex
= functional connectivity shows correspondence with fMRI
= problem of reproducibility, research and funds required to overcome
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