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Modelling and simulation lifecycle
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parts of EBRAINS modelling and simulation workflows
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Challenges in computational neuroscience

= compute power
= big data - recordings from more neurons, increased resolution...
= multiscale simulation - from molecular to whole brain
= software complexity, software quality
= increasing power, decreasing understandability?
= student- and scientist-developed tools with limited software
engineering training
= collaboration
= power of multidisciplinary approaches, increasing specialization
= reproducibility
= workflow complexity, entropy of computational environments..
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How EBRAINS addresses these challenges

= compute power
= EBRAINS Lab (Jupyter Lab hosted in HPC centres)
= federated HPC resources in CH, DE, FR, IT, ES (Fenix)
= Neuromorphic computing systems (SpiNNaker, BrainScaleS)
= software complexity, software quality
= Knowledge Graph (find software)
= software quality standards
= testing, continuous integration
= collaboration
= EBRAINS Collaboratory
= reproducibility
= standardized workflows
= standard EBRAINS software collection releases
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The Lab

= gives EBRAINS users the ability to develop and run programs in the cloud from
their web browser, without needing to install anything on their local machine.

= offers a pre-installed programming environment and all of the EBRAINS tools and
libraries which can be run from it.

S et vie | |
. = ”
= runs on EBRAINS servers provided by HPC . . .
centres across Europe. & ElE| @
= gives users a JupyterLab user interface to ~ * .
manage, edit and run their Jupyter & E E @
Notebooks. w0
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HPC

= Five European supercomputing centres,
namely BSC (Spain), CEA (France),
CINECA (ltaly), CSCS (Switzerland) and
JSC (Germany), agreed to align their
services to facilitate the creation of the
Fenix Infrastructure.

= The distinguishing characteristic of this
e-infrastructure is that data repositories
and scalable supercomputing systems
are in close proximity and well
Integrated.

= Most EBRAINS services run on the
Fenix Infrastructure.
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Neuromorphic computing

= The BrainScaleS system is
based on physical
(analogue) emulations of

. . 4 neuron, synapse and

plasticity models with
digital connectivity, running
up to ten thousand times
faster than real time.

= The SpiNNaker system is

based on numerical }
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Finding the right tool...

Availability/maturity Modelling abstraction level

web app ] Eq.?{tl_u;i’);\ VeI % molecular i#: | panoscale NS
Egc':l":::?iﬂ'r:r: *o ?{Etoéyg)e available ° subcellular — |systems biology SB
i\r,\oﬂ;ogress /AT [_..Z' single neurons l point neuron models |PT

networks A biophysical models |BI

whole brain @ population models PP

statistical models ST

Workflow Stage: model building, simulation, data analysis, visualisation, model validation
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ArDOCK

=Detect potential interaction sites on the
surface of a protein.

=https://ardock.ibcp.fr/ NS
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https://ardock.ibcp.fr/

Molecular Level Toolset

= Set up, run and analyse molecular level calculations, e.g. tauRAMD

calculations to compute dissociation constants.
= https://humanbrainproject.github.io/hbp-sp6-guidebook/online _usecases/ NS

molecular_level/molecular_level.html
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CNS Ligands =

= a platform designed to efficiently
generate and parameterise bioactive
conformers of ligands binding to
neuronal proteins for molecular
dynamics simulations

= http://mmb.irbbarcelona.org/webdev/
slim/CNS/public/
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GRALL o

= The Glycine Receptor Allosteric Ligand .
Library GRALLS is the first database of H
allosteric modulators of a human
synaptic receptor with a structural (4 *i
annotation based on their binding site YA
on the receptor. /‘,/‘«

= https://ifm.chimie.unistra.fr/grall I\

“ ) £9 ion por
—.ion pore

A
A
e
e

i A  \ w b 5
‘v»‘.\:.“‘\‘ ."“.,

Co-funded by

@ IHuman Brain Project =\ EBRAINS %> | the European Union


https://ifm.chimie.unistra.fr/grall

Subcellular Web App

= Create and simulate brain molecular networks.
= https://subcellular.humanbrainproject.eu/
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https://subcellular.humanbrainproject.eu/

NeuroFeaturekExtract

= Extract a wide variety of electrophysiological
features from experimental recordings.

= https://ebrains-cls-interactive.github.io/

Cell: Thomson's lab, UCL > Rattus-norvegicus > hippocampus > CA1 > interneuron > cAC > 970509HP2
Cell id: 970509HP2

Select all traces  Deselect all traces nvert selection

Select all Deselect all Invert selection
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Cell properties: Rattus-norvegicus > hippocampus > CA1 > interneuron > cAC > 970509HP2 > 97509011 [Data contributors: Thomson's lab, UCL)

-1.20 nA

-80

-100

50 100 150 200 250 300 350
ms

400

450

Co-funded by

the European Union

@ Iuman Brain Project \ EBRAINS


https://ebrains-cls-interactive.github.io/

Hodgkin-Huxley Neuron Builder

= Optimise a single cell model against
experimental data on HPC resources.

= https://ebrains-cls-interactive.github.io/ BI
00

Initiate a new workflow

Select a completed/ongoing workflow
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Electrical Model Building Toolset

= Build and validate biophysically detailed
electrical neuron models.

= BluePyOpt: BI
= https://github.com/BlueBrain °* ' ' '
BluePyOpt .
= eFEL _ 3
= https://github.com/BlueBrain %0»06 “°H
= BluePyEfe - - |3
« hitps://github.com/BlueBrain ¢ :B
BluePyEfe of

Parameter gnabar
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https://github.com/BlueBrain/BluePyOpt
https://github.com/BlueBrain/BluePyOpt
https://github.com/BlueBrain/eFEL
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https://github.com/BlueBrain/BluePyEfe

PyNN

= Build simulator-independent T
spiking neuronal networks and g
simulation experiments.

= https://ebrains.eu/service/pynn
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https://ebrains.eu/service/pynn

NESTML

[ BUiId SimUIator_independent point Easy to use Markup Language

ron hodgkin huxley:

neuron and synaptic plasticity
mOd e I S . BioJTogicalll System

= https://ebrains.eu/service/nestml

& automatic

Model of Biological System "
& code generation

¥+ nest::
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https://ebrains.eu/service/nestml

Snudda

= Build networks of biophysically-detailed s
neurons where the connectivity is 3 b
based on the neuron morphologies.

= https://github.com/Hjorthmedh/Snudda
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https://github.com/Hjorthmedh/Snudda

Brain Scaffold Builder

= Rapidly construct biologically realistic
network models.

= https://qithub.com/dbbs-lab/bsb B s B

wWrite conp«j/coole Run reconstructions Send to simulator

> Conf 3uro\>> Placeme_n>> Com\e_c‘tuv>> Sumulat|o>

Use mode,l n as many
different simulations
Repe_oct, mprove, validate as you like

> QF

Bl

PT
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https://github.com/dbbs-lab/bsb

The Virtual Brain (TVB)

L

*c

= Construct and simulate personalised brain network models.

= https://ebrains.eu/service/the-virtual-brain Q
@

Platform services

Neurorobotics Gazebo
Platform

. drive.ebrains.eu : :

End-to-end encryption ! 'WlKl | Multilevel Humarj} l‘ﬂ

Brain Atlas .-
AN . wiki.ebrains.eu :
< : :

Sandboxing

i mestapl

: Identity and access lab.ebrains.eu i

management
Personal health

data P . : ¢ (Py)Unicore : N
: © o OpenShift 1 ff e : o~

? Interfaces : Python notebooks :
: ; .

:KnowledgeGraph fé

Data privacy Python library

. HPC_ S
Core services : J :
*. HPCbackend

Deployments TVB services
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https://ebrains.eu/service/the-virtual-brain

Single Cell Modelling Workflows

= an ensemble of Jupyter notebooks for
single cell modelling and data analysis.
The notebooks allow a user-friendly "E E;:;;fﬁiifiﬁ?iff:f’u'::ﬂiﬁﬁiﬁ?ﬁiﬂ'ﬁeﬁmmesfo,meparame.e,s =
construction and optimisation of R | oo ettt st i (SS BI
hippocampal and cerebellar single cell e, Scpy
models implemented in NEURON, the =S _
fitting of individual synaptic events, the o
configuration and test of different

SynaptiC pIaStiCity mOdeIS and indUCtiOn T8 1HHE 11 S Mono compartmental Cerebellar Granule cell optimization

*#
<
A

11411 111 81 & Using BluePyOpt to optimize a single compartmental cerebellar granule cell. All the  [geta

protocols, and the visualisationand  ** BETE0R v, t mebcey o b ot T ek it oy €
analysis of neural morphologies.
= https://ebrains.eu/service/cls-interactive
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https://ebrains.eu/service/cls-interactive
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CGMD Platform

= Prepare, run and analyse coarse-grained
molecular dynamics simulations.

= https://molsim.sci.univr.it/mermaid/begin.php

> D

CGMD PLATFORM

Integrateé web-servers for the preparation, run and analysis of coarse-grained
molecular dynamics simulations

Click here to Start
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https://molsim.sci.univr.it/mermaid/begin.php

MoDEL-CNS

= Access atomistic-MD trajectories
for relevant signal transduction
proteins in a web browser.

= http://mmb.irbbarcelona.org/
MoDEL-CNS/

= https://wiki.ebrains.eu/bin/view/
Collabs/molecular-tools-model-cns/

11O

NS

Y
)CO'RDOTB?“Y Cote Cocur sy on Spparlt Fuwm Q A2 * Logaut

MODEL-CNS MoDEL-CNS Web Server sen  4Cwn |

e

MoDEL_CNS i5 a platfarm designed 1o
provide web-access 1o atomistic-MD

trajectories ‘or re evant signal
transduction proteins

L ALY
The project is part of the Servics ror

Co-funded by

@ Iluman Brain Project \ EBRAINS

* | the European Union


http://mmb.irbbarcelona.org/MoDEL-CNS/
http://mmb.irbbarcelona.org/MoDEL-CNS/
https://wiki.ebrains.eu/bin/view/Collabs/molecular-tools-model-cns/
https://wiki.ebrains.eu/bin/view/Collabs/molecular-tools-model-cns/

BioExcel-CV19

= a platform designed to provide web
access to atomistic-MD trajectories for
macromolecules involved in the
COVID-19 disease. It is a side project
of the previously presented MoDEL-
CNS platform, redesigned to tackle
COVID-19 related MD simulations.

Receptor binding

= hitps://bioexcel-cv19.bsc.es/#/ N———

= https://wiki.ebrains.eu/bin/view/Collabs/ SP’°‘°‘"->"'
molecular-tools-bioexcel-cv19 o 3 Ao

Receptor
ACE2

—

Target cells
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SDA

= Simulate diffusional association of
proteins. Compute bimolecular
association rate constants.

= https://mcm.h-its.org/sda
= https://websda.h-its.org/

@ Iuman Brain Project \ EBRAINS
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https://mcm.h-its.org/sda
https://websda.h-its.org/

Single Cell In Silico Experiment Tool (BlueNaaS)

= Neuron as a Service: Simulate and visualize detailed Q
single neuron models in the web browser. l

= https://blue-naas-bsp-epfl.apps.hbp.eu/#/

Bl

© 5 = Neuron

ooooooooooooooooooo

aaaaaa

GGGGG
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https://blue-naas-bsp-epfl.apps.hbp.eu/#/

Small Circuit In Silico Experiment Tool

= Run simulation experiments with a small hippocampal neural circuit.
= https://bsp-rat-cal.humanbrainproject.eu/circuits/rat-cal

> Q@
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https://bsp-rat-ca1.humanbrainproject.eu/circuits/rat-ca1

Brain Areas Circuit In Silico Experiment Tool

.
= Run simulation experiments with a full-scale model of the Q
hippocampus CA1 region. 2

= hitps://simulation-launcher-bsp-epfl.apps.hbp.eu/index.htmi#/
circuits/hippo_hbp_sa_full_ca1 B|

Run Simulation

Define Population to Simulate: ©° Duration:
Subpopulation of neurons to be simulate sircuitTarget)* 0
Stimulations v
Defines pattern of stimuli to be in
0
BC (Poisson)
bbbbbb 00 250 ms 00
Reports v
Controls data collection durin:
0
BC (Voltage)
S50ms 100 ms 150ms 200 ms 250 ms 300 ms 350ms 400 ms
Connection Manipulation (expert users only) A
Sontrols the connection between populations
Projection Manipulation (expert users only) A
ontrols the projection in the circuit
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https://simulation-launcher-bsp-epfl.apps.hbp.eu/index.html#/circuits/hippo_hbp_sa_full_ca1
https://simulation-launcher-bsp-epfl.apps.hbp.eu/index.html#/circuits/hippo_hbp_sa_full_ca1

NEST

= Run highly-scalable simulations of point neuron networks.
= https://ebrains.eu/service/nest-simulator

> Q F

spiking
neural
network
simulator
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https://ebrains.eu/service/nest-simulator

Arbor

= Run scalable, high-performance simulations of
multi-compartment neurons in large networks.

= https://ebrains.eu/service/arbor g
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https://ebrains.eu/service/arbor

NEURON / coreNEURON

= Run scalable, high-performance simulations of multi-compartment neurons
in large networks in the well-established NEURON simulation environment.

= https://ebrains.eu/service/neuron

> < Q &

Bl
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https://ebrains.eu/service/neuron

Neuromorphic Computing Job Manager app

= Run simulation experiments with point neuron networks on the
BrainScaleS and SpiNNaker neuromorphic computing systems.

= https://ebrains.eu/service/neuromorphic-computing

> Q@ & [0

Béugﬁsz;lboratory Collabs Documentation Support Forum Q %) Log-in

Create Job
NMC Collab copy JObManager : Hardware Platform PT

template NM-PM1 %

About template Code
BrainScaleS from pyNN.utility import get_script_args

simulator_name = get_script_args(1)[0]

SpiNNaker exec('import cyNN.%s as sim* % simulator_name)

EBRAINS Neuromorphic Computing Service: Job Manager Jobs  Quotas  + sim.setup

neurons = sim.Population(1000, sim.IF_cond_exp, {'tau_m': 10.0))
Inputs = sim.Population(200, sim.SpikeSourcePoisson, {'rate’: 100.0}))

neurons[: 100].record()

@ e Command
Submitted Submitted
o C D « Status = System <) Code on by
156732 SpiNNaker " 2021/05/17  kindler
t at d-fir 07:52:47 Hardware Config
-

11:18:42
Input Files + -

A 156689 Brainscales 1 . 202105012 kindler

10:26:33

156688 BrainScaleS 2021/05/12  kindler
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https://ebrains.eu/service/neuromorphic-computing

Multiscale Co-Simulation Framework

= Connect simulation tools at runtime to
enable multiscale co-simulations.

= hitps://github.com/multiscale-cosim  ———

o > O &

Neural mass & In-situ visualization
field models . :
. oe
o b >
Analysis & i W = @
translation . o ['nesi] ae
between scales ' N A \
= = Future applications PT
NEUROROBOTICS
PLATFORM
parameter >4 P P
exploration
Learning
. Morphologically detailed
Point neurons
HPC integration nedrons
(X))
nest:: ~ \=arb
simulated() ‘,‘* F E H IX — a r or

Wouter Klijn, Kim Sontheimer
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https://github.com/multiscale-cosim

MMCG Platform

= The Hybrid MM/CG Webserver
automates and speeds up the hybrid
Molecular-Mechanics/Coarse-Grained
(MM/CG) simulations set-up of G-

Protein coupled receptors/ligand
complexes.

= https://mmcg.grs.kfa-juelich.de/
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Neo BIOij
. Event Event
= Load, save, annotate and manipulate Segment —y 7\ Y <
eleCtrophySIOIOgy and Imaglng data IrregularlySampledSignal M\MMW
from experiment and simulation in a N
' ChannelView «" WMWW
standardised framework. -hannelView ) EMMM
. AnalogSigna W"M'AW ',
= http://neuralensemble.org/neo/ N v T T

RegionOflnterest—/. T T o
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> | TN g

© 2 <1l
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http://neuralensemble.org/neo/

Elephant

= Analyse neuronal activity data from experiment and simulation using
high-performance, well-tested methods.

= https://ebrains.eu/service/elephant

Q &

O > D= 1] #

f ‘/1/‘
V)
/////// I

1
Q ELECTROPHYSIOLOGY ANALYSIS TOOLKIT

N T T T R N T R R NIRRT A L RN FA RN NI
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https://ebrains.eu/service/elephant

LFPy

= Calculate electric and magnetic brain
signals from multi-compartment neuron
models and networks.

= https://Ifpy.readthedocs.io/

> = Q
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https://lfpy.readthedocs.io/
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SimVisSuite

= Interactively visualise and
analyse network and neuron-
level simulations.

= https://ebrains.eu/service/
neuroscheme

= https://ebrains.eu/service/
neurotessmesh

= https://ebrains.eu/service/
visimpl
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https://ebrains.eu/service/neuroscheme
https://ebrains.eu/service/neuroscheme
https://ebrains.eu/service/neurotessmesh
https://ebrains.eu/service/neurotessmesh
https://ebrains.eu/service/visimpl
https://ebrains.eu/service/visimpl

NEST Desktop

= Build, run, visualise and
analyse simulations with the
NEST simulator in a web-
based GUI.

= https://ebrains.eu/service/
nest-desktop

. N\
% [ luman Brain Project EBRAINS

NEST Desktop

a web based
graphical user
interface to nest

analyze
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https://ebrains.eu/service/nest-desktop
https://ebrains.eu/service/nest-desktop
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SimDaVis - Insite

= Continuously access simulation data at runtime.
= https://vrgrouprwth.qgithub.io/insite

Insite . GET  /nest/nodeCollections/
Get Node Collections
Installation via docker > P I
Retrieves an list of all node collections. Returned are the node collection IDs, which nodes are part of the Response samples
collection and which model is used by the collection
Installation without docker > m
Integration into NEST simulation Content type
Responses applicationfjson B I
v C 3 i all
> 200 Operation successful ~OpY Xpand a
Nest N

> 500 Operation failed due to server error.
B Get NEST Kernel Status

"nodeCollectionId":

+ "nodes": {

@B Cet Multimeters + "model": {
}

&I Get Multimeter Properties

KT Retrieves the measurements
for a multimeter, attribute

and node IDs (optional).

[ orr | : . GET /nest/nodeCollections/{nodeCo
Get Node Collections Get Nodes In Node Collection

I et Nodes In Node Collection Response samples

Retrieves the list of all nodes within the specified node collection.

@B Get Node Ids In Node m

Collection
Content type
nodeCollectionId integer <uint64> i /i
I Get Spikes By Node required q_ X application/json
- The identifier of the node collection
Collection ID

y Expand all

Co-funded by
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https://vrgrouprwth.github.io/insite

Elephant Visualisation (Viziphant)

= Visualise analysis results in Jupyter notebooks. L"é
= https://viziphant.readthedocs.io/

ELECTROPHYSIOLOGY ANALYSIS TOOLKIT
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https://viziphant.readthedocs.io/
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Validation Test Libraries

= Develop and run structured,
guantitative model validation tests.

= NetworkUnit:

©0

A Mean feature scores
h // . h b /I N M 6/ voltage_deflection- o e» o . ° e Bianchi
: | I l -— voltage base- ¢ © ° o . .
- ttDS z g It u = CO steady_state_voltage Egti?nend- e e o oo < ¢ Goldfng ffgsB (s)
. ~ steady state voltage: ¢ @ e .o oo e Golding fig8A (w)
NetworkUnit sag_amplitude ¢ ece e * Golding fig9B (w)
mean_frequency - e e > e  GomezG n123
inv_second ISI- ®= e e o
. “inv_last_ISI - o ome e GomezG nl25
" inv_first_ISI- - e * GomezG nl28
u MOrphOU n It- fast AHP- oo o * GomezG n129
Spikecount- ee ®ewme
. AP width-  ee e GomezG n130
- - AP rise_time - e o ° Katz
= https://github.com/appukuttan , e
AP _fall_time -

shailesh/morphounit oo L L ¢ pores

AP_begin_voltage -

AP_amplitude -

= HippoUnit: A
= https://qgithub.com/KaliLab/hippounit
= CerebUnit:
= https://cerebtests.readthedocs.io/

© > < 1| #
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https://github.com/INM-6/NetworkUnit
https://github.com/INM-6/NetworkUnit
https://github.com/appukuttan-shailesh/morphounit
https://github.com/appukuttan-shailesh/morphounit
https://github.com/KaliLab/hippounit
https://cerebtests.readthedocs.io/

Model Catalog

Explore and visualise computational models, validation tests and

validation results.

https://model-catalog.brainsimulation.eu/docs/

https://validation-v2.brainsimulation.eu/docs

Python Client: https://hbp-validation-client.readthedocs.io/

lHuman B

ain Project

Models Q & & m =

[J nName
[0  cAl_pyrcACpyr_mpg141208_B_idA_20170915151855

O CA1.int.cNAC_970911C_20180120154902

[  surface potential models

l:] CAT_pyr_cACpyr_mpg141208_B_idA_20190328144006

Hippocampal formation as a hierarchical generative

o model

D CA1_int_cNAC_060314AM2_20190328165336

[0  cal_pyr_cACpyr_mpg1S0305_A_idB_20190305112012
O CA1.int_.cAC_970627BHP1.20180120160112

[0  CAl_pyr_cACpyr_oh140807_A0_idA_20190305112828

Author

Rosanna Migliore

Rosanna Migliore

Maria Telenczuk,
Bartosz Telenczuk and
Alain Destexhe

Rosanna Migliore

Giovanni Pezzulo

Rosanna Migliore

Rosanna Migliore

Rosanna Migliore

Rosanna Migliore

h: +
Brain region
hippocampus

hippocampus

cerebral
cortex

hippocampus
hippocampus

hippocampus
hippocampus
hippocampus

hippocampus

Tests Q o
[J  Name
[[)  BluePyOpt-eFEL Evaluator
[0  catlaminar-distribution-synapses Neyman-Test
[  PROPOSAL Hipp pus_APF Test_BasketCell
[J  Davison2000 Mitral - Run Time
[] Basal Ganglia MSN D2 Type Morphology Soft Constraints
D Hippocampus_SomaticFeaturesTest_CA1_pyr_cACpyr
[  HippoCircuit - Total Boutons

Author

Shailesh
Appukuttan

Pedro Garcia
Rodriguez

Sara Saray

Shailesh
Appukuttan

Shailesh
Appukuttan

Sara Saray

Armando
Romani,
Shailesh
Appukuttan

Brain region

hippocampus

basal ganglia

hippecampus

striatum

hippocampus

hippocampus

“\ EBRAINS

Co-funded by
the European Union



https://model-catalog.brainsimulation.eu/docs/
https://validation-v2.brainsimulation.eu/docs
https://hbp-validation-client.readthedocs.io/
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Computational workflows

= Most research projects use multiple
computational tools and services, with
data and metadata being passed
between them.

= EBRAINS is developing a standardized
workflow system based on the Common
Workflow Language (CWL), that will
allow automation of workflows running
on local computers, HPC, and
neuromorphic systems.

= Workflow outputs and provenance
information can be captured in the
Knowledge Graph and published as
FAIR datasets.

@ IHuman Brain Project \ EBRAINS

Hands-on

Session

Co-funded by

... |the European Union



Summary

= EBRAINS offers many hardware and software
resources for modelling and simulation

= From molecular to whole-brain scale (and bodies/
environment - see next talk!)

= Focus on software quality, reproducibility

= Curated releases of EBRAINS software collection
- every six months - interoperability testing

= Tools combined in automated workflows

@ [ luman Brain Project \ EBRAINS
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“\ EBRAINS

you

n in this presentation have
beople, in many institutions.
al tool links for details.

www.ebrains.eu
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