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The BSP online:
Url: https://collab.humanbrainproject.eu/#/collab/1655/nav/28538

Twitter: https://twitter.com/hbpbrainsim

Youtube: https://www.youtube.com/watch?v=-PneUElj- 4
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bsp-support@humanbrainproject.eu
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Hodgkin-Huxley equations
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From Igarashi et al., 2012
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635 mitral cells,
69000 granule cells,
7-10° synapses

(1/20 of the real system
32,000,000 nonlinear ODEs)

Table 2 | Model parameters and execution times for a typical simulation.
Seg (min-max) States (min-max] (v, channels, and syn. gates) Syn (min-max)

MC (n = 635) 3 433) 5,2t (2636-20,028) 707216 (30¢
GC (n=69013) 4,344, 3 [ 6, (261-869)

32,152,062
Computation time Comm. time (spike exchange) Comm. time (multisplit) Total run time (2048 procs)

27149.35 555.94 32,652.86
27756.25 813.44 453.96

CINECA, Bologna

e, e~
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Technical References

Architecture: 10 EGQ Frame Typlcal 40 sec of sim. on 2048
Model IBM-BG/Q

Processor Type: IEM PowerAZ, 1.6 GHz processors’ fu lly integrated
Campuiing Cores: 163440 NEURON+python implementation,

Computing Nodes: 10240

RAM: 1GByte / core 750-109° spikes: 9 hOUI'S, 10 Gb

Internal Metwork: Network interface with 11 links -»5D Torus
[o)
Disk Space: Z2PByte of scratch space OUtPUt, 9 9 A eff-

Peak Performance: 2PFlop/s




Brain Simulation Platform v2

® Released In June 2017

= |t delivers an open framework with:
=Advanced & reproducible model building workflows unique In
the field
=Model Validation Framework;
=Model Catalog;
="|ntuitive tools and functionality “as a Service”
=In silico experiments;
=Seamless integration with HPC systems (CINECA, JSC, NSG)
*MOOC
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UC1-UC3: Single cell modeling and in silico
microcircuit experimentation

Workspace Hodgkin-Huxley Neuron Bullder

Hodgkin-Huxley Neuron Builder

Workflow id: 20180517053525_251951

Home New Clone Save

xS
Cell Optimization

Feature extraction

Extract features Upload files

‘features.json and/or ‘protocols json’ NOT present

Optimization files

Choose from database Upload file

Optimization files NOT pi

Optimization settings

Set parameters/Choose HPC

Optimization parameters NOT set

o No job submitted

Single Cell Simulation Run

The Collaboratory

data selection
KG, containers,
local

data preproc &
analysis
custom app
BluePyeFE

simulation
conf & analysis
custom code
BluePyOpt

web tool
custom app
Naa$

CSCS

CSCS
EPFL

EPFL
CNR

JSC, CINECA
(UNICORE)
NSG (rest API)

EPFL
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Use cases: trace analysis

Feature extraction

Extracts electrophysiological features; traces can be from
—=F===_____ Neurolnformatics Platform or uploaded

Synaptic events fitting

Fitting synaptic events using data and model in Neurolnformatics

Platform

- Synaptic events fitting with user model

Fitting synaptic events using data in Neurolnformatics Platform
and user’'s model

Synaptic events fitting with user data

Fitting user's synaptic events data with model from

Neurolnformatics Platform

B |

Power users

L E

Experts

F

Cell properties: rat -= hippoecampus -> CA1 -> IN -> bAC -» SP-BS -> 95810036
Select all  Daselact ) It sakacton

— 10004 — 08004 — 06014 —— 0.40 1A
£.40 A, &

0,20 0A  —— (.00 nA 0.20 nA
0.8 = -1.00 1A 1.20 rA =+ 140 AA == -1 GO NA

-1.80 nA

uH:.a‘I T A

C

S0

=100

150

0 00 1000 1500 2000

apracseh

spacea b
Irwsesony
2yt0020 30N
mprapen baty

e s o GARAS
s a1 GASAA
et pi

neterm v

g g

netcor wegtLo]

- .
2 - 1
& .

°i;ii;ﬁ-g?éé

-
SNDEDEoEEEE

-2
1

T e
Yoy,

“ay Py

B, 9 ", &,
T 'h"'mm*h:“"'% %“m_,:%.,

Expont fo ploly «

@Human Brain Project

Slide 12 HD_ Co-funded by -
fiisies  the European Union



Use cases: morphology analysis

-

Power users

Morphology analysis

Performs analysis on a morphology with NeuroM

Morphology visualization Stoy

At

Display neuron morphology in 3D

aaaaaaaaa

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.00

Component Feature Mean
basal_dendrite local_bifurcation_angles 1.459
basal_dendrite neurite_lengths B861.100
basal_dendrite neurite_volume_density 0.004
basal_dendrite neurite_volumes 758570
basal_dendrite number_of_bifurcations 30.000
basal_dendrite  number_of_forking_points 30.000

Axon: Section branch orders

Std
0513
404.560
0.005
378.123
0.000
0.000

@Hmnan Brain Project
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Use cases: single cell buildin
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i : — @
— Use the BluePyOpt to run an optimization choosing from HBP data for morphology, channel P —"m o'lg' -50
ToneETE L . . 2
poay kinetics, features, and parameters. e B g% 50
w 0
Lo
(=}
-8 50
. Optimize a cerebellar granule cell model composed by a single section 83 : : . r . ;
: Everybody  Power users r 0 200 400 600 800 1000
Using BluePyOpt to optimize a single compartmental cerebellar granule cell. All the Time (ms)
parameters, channels and morphology can be modified. This version runs directly on the ﬁ
collaboratory and it is limited to small optimizations
step_1.0:50ma. 3
D oms e bediney Jrme
L . s 3o om0t
Optimize a cerebellar granule cell multicompartmental model P
© Using BluePyOpt to optimize a multcompartmental cerebellar granule cell composed by four ~ Everybody  Power users EEK%ZE“:«“‘EE} IS
dendrites, soma and a custom multi segmented axon. All the parameters, channels and Pl
morphology can be modified. This version runs directly on the collaboratory and it is limited m:u:.'z?;ﬁm.ff‘ﬂm Co ey Jommn
to small optimizations s =
Step.0 Bsomainy. fourth 15| Jmm
lmmimﬂﬂ ————————
s
Simulation and validation of a mouse Purkinje cell multicompartmental o o R e e
. model B e e
. ) . . . i . Power users g > =
. Simulation and validation of a mouse Purkinje cell multicompartmental model obtained from % | —
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series of physiologically correct Purkinje cells. This notebook runs directly on the Collab and ]
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Use cases: validations

Validation Framework Demo (Walkthrough)

1

J Demonstrates the use of the validation framework
VALIDATION

r 1 Basal Ganglia - BluePyOpt Optimized Model Validation - Multiple
V HOF

J Validates single cell basal ganglia models optimized via BluePyOpt for various features
VALDATION. - offered by eFEL; models contain multiple hall of fame parameter sets

1

J Validates single cell morphologies of MSN and FS cells
VALIDATION

Basal Ganglia Morphology Validation

rv-1 Generic - BluePyOpt Optimized Model Validation

J Validates models optimized via BluePyOpt for various features offered by eFEL
VALIDATION

Hippocampus Single Cell - BluePyOpt Optimized Model Validation

1

J Validates single cell models of Hippocampus optimized via BluePyOpt
VALIDATION

Everybody

i

Everybody

B

Everybody

B

Everybody

5

Everybody

i3

19 validation Framework

€ (] @0 & by

Date: 15 March 2018, 04:00
Score (Other): 0 666257253433276

Project: 5165

{'system_name'" "Linux' 'ip_addr": "127.0.0.1", ‘architecture_bits’

'64bit,'machine": 'xB6_G4',‘architecture_linkage': 'ELF", 'version':
Platform: '#140-Ubuntu SMP Man Feb 12 21:23:04 UTC 201", release’

'4.4.0-116-generic’, ‘network name': 'PC5-EqAndrew’, ‘processor”

Model information

Model name: CA1-laminar-
distribution-synapses.

version name: 1.0

Description:

A model for synapses distribution of different m-types (A, BP: BS, CCKBC, Ivy.
OLM, BC, PPA, SCA, Tri) across the layers of Hippacampus CA1 (SO, SP, SR
SLM). Romani et al, Hippocampal Modeling FENS (2016)

0.0 02 0.4

humanbrainproject.eu,/s/callab/s

Workspace Validation Framework

Test result ID: 38517108-87cf-44d8-813b-8902dba2ab2f

Test and model parameters

Test type: network structure

Data type: Frequency of occurence,
probabilty

Data modality: electron microscopy
Age: Any

Brain region: Hippocampus

Species: Mouse (Mus musculus)

Test information

Test name: CA1 laminar-distribution- L i e 0o
synapses Freeman-Tukey-2-Test

Protocol:

Tests a synapses distribution of diflerent m-types (AA. BP. BS, CCKBC, lvy,
OLM, PC, PPA, SCA, Tri) across the layers of Hippocampus CA1 (SO, SP, SR,
SLM) and the extemal space (OUT). It consists of a Freeman-Tukey (FT)
goodness-ol-fil test 1o compare observed and predicted distributions. A typical
rule is that all of the observed and expected frequencies should be at least k=5.
Itis assumed that the asymplotic distribution of the score is a Chi-square
function with k-1 degrees of freadom. It is useful in the case of small counts
(trequencies). Basic ransformation to compute the FT-score from data in

each.

Storage
Name Content_type Creation date Preview Download
FreemanTukey2Score_piot.png image/png 15 March 2018, 04:00 m

06 0.8 10 12
FreemanTukey?-score

v @ || Q searct n @ mms

o
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Use cases:

Neuron as a Service

single cell experiment

cADpyr230_L4_SP_4_dend-C170898A-P4_axon-C271097A-P3_-_Clone_10

—> Neuron

Morphology

voltage [mV]

Params

Graph
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-40
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-80

Simulation

Record from

soma[0]_0 = apic[7]_3 =

dend[27])_0 = axon[1]_0 x

t'. 4,‘ /

v

apic[7]_3
dend[27]_0
axon[1]_0
somal[0]_0

500 1000

time [ms)

G
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Use cases: circuit building

Rat Cerebellum volume

A volume of the cerebellum with detailed neuron model
Credits:

Contributor(s): Egidio d'Angelo - egidiougo.dangelo@ut
Casellato - claudia.casellato@unipv.it. Elisa Marenzi - elis

Rat hippocampus CA1

A circuit of detailed neuron models based on the Ascoli
Credits:
Contributor(s): Armando Romani - armando.romani@epf

Striatum microcircuitry

Striatum microcircuitry.
Credits:
Contributor(s): Johannes Hjorth - hjorth@kth.se. Alexand
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Use cases: brain region experiment

Configure & Launch Simulations

Defines the model to be loaded slice-4

Model

Stimulations

Defines pattern of stimuli to be injected into multiple locations

Targets
slice-4 ‘ Poisson

slice5 ‘ Poisson

Oms 50ms 100ms
Reports
Controls data collection during the simulation
Targets
slice-4 | yoitage
Oms 50ms 100ms

Duration(ms): 200

150ms

150ms

A
v

ForwardSkip(ms): 5000

200ms

Dt: 0.
Type: Soma

=Vijew Simulations

Add targets using slices of the Hippocampus

D Sice3
Slice 4
Slice 5

250ms

Add targets using slices of the Hippocampus

nEo
Slice -5
bl Slice -4




Use cases executed since June 2017

trace analysis, 372

circuit building,
105

N\

single cell
modeling
477

Page views during SGA1

Single Cell In Silico ’
Experiments, 304

MOOC, 1439 41050

1600

HBP

1200

Community

700 600

0
0
Jun 17 Nov *17 Mar 18 Jun 17 Nov ’17 Mar 18

400 active users

¥
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A few millions neurons

Strongly involved in higher brain functions (learning, memory, spatial
navigation)

Implicated in Alzheimer's disease, temporal lobe epilepsy, cognitive
aging, post-traumatic stress disorder, transient global amnesia,
schizophrenia, depressive and anxiety disorders.

www.BrainConnection.com
01909 Seientillc Learning Corporation




Morphologies
{raw)

Registration Morphelogies

W
Morphologies
API (curated) Circuit Builder H TouchDetector H Functionalizer

Morphologies Morphology
(curated) Repair

[Selected morphologies

Tool

External
resource

Anatomical
Model

e

for each e-type

Morphologies
(clones)

len channel ModelManagement H CCells Circuit
models Simulator

Neuron
models
{prototypes)

Single cell Classification E— me-type
composition

Synapse
parameters

recordings

manual

Pool of features
for each e-type




biophysically accurate network

700000 neurons, ~350-10° memb seg, 20 ODE/seg
7-10° ODEs + synapses

1” of sim time: 5hr on BG/Q using 32000 procs
~8Tb of input, up to ~3Tb of output




The Hippocampus Team

+ Blue

. Brain d |

7 Project
Romani A, Muller E, Thomson A, Mercer A Kali S, Budd J, Saray S Migliore M, Lupascu C
Markram H Lange S, Falck J Tar L, Gulyas A, Freund T Migliore R, Bologna L,

E Giacalone

Neuroinformatics: Jimenez S, Lu H

Morphologies: Ying S, Kanari L, Gonzales MP, Hagens O

Connectome: Reimann M

Synapse physiology: Ecker A, Ramaswamy S

IT: Requelme L, Gevaert M, Dynes J, Courcol JD, Devresse A, King JG, Van Geit W,
Vanherpe L, Povolotskiy A

Single cell: Rossert C

Visualization: Antille N, Hernando J, Favreau C
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