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Scenario 1



Hippocampus
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Model Development
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Scenario 2



Adapted From: Culmone & Migliore (2012) — For representational purposes only!
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Solution

(work in progress)
Validation Framework



Validation Framework

[ Model Validation Service X

& C (Y | & Secure | https;//validation.brainsimulation.eu w @ =

Brain Simulation Platform  Model Catalog  Validation Tests ~ Test Results

HBP Model Validation Service

This is an early-stage prototype service for validation of neuroscience models.
It consists of

iitions, using the SciUnit framework
esults

nterface offers limited functionality for browsing models, tests and results. In the
near future, it will become possible to add new models and tests

There is an associated Python library. which allows you to run validation tests on your own local
computer and automatically register the results with the Validation Service

[Source code for this service.]

Species: Rat

Region: Hippocampus CA1l
Cell Type: Pyramidal Cell
Age: 8-12 Weeks

Test type: Electrical Activity
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Validation Framework

Test Name Score Result

[ Model Validation Service X

7(— C ) | & Secure | httpsy//validation.brainsimulation.eu w @ = B H ) Re sti ng M e m b ra n e Pote ntia I O. 0 1 Pa SS

Brain Simulation Platform  Model Catalog  Validation Tests  Test Results

HBP Model Validation Service Input Resistance 0.20 Pass

This is an early-stage pratotype service for validation of neuroscience models.

It consists of

+ a moce catabg Action Potential Height 0.05 Pass

« alibrary of validation test definitions, using the SciUnit framework
« adatabase of validation test results

At present. the web interface offers limited functionality for browsing models, tests and results. In the
near future, it will become possible to add new models and tests

There is an assaciated Python library, which allows you to run validation tests on your own local O b I iq u e I nteg ra t i O n 4 . 7 3

computer and automatically register the results with the Validation Service

[Source code for this service.]

Spiking Frequency 0.15 Pass

Depolarization Block 2.87




Validation Framework

Model Name Net Score Tests Passed

— [m] x

[ Model Validation Service X

7(— C 1) | & Secure | httpsy//validation.brainsimulation.eu @ =BV ) Cod eJa m et a I . 20 18 2.73 18

Brain Simulation Platform  Model Catalog  Validation Tests  Test Results

HBP Model Validation Service Xyz et al., 2010 3.25 15

This is an early-stage prototype service for validation of neuroscience models.
It consists of

« amodel catalog My rT] d I 2 3 5 1 1 5
= a library of validation test definitions, using the SciUnit framework. — O e _V *

= adatabase of validation test resulis

At present. the web interface offers limited functionality for browsing models, tests and results. In the
near future, it will become possible to add new models and tests

There is an associated Python library, which allows you to run validation tests on your own local Ra n d 0 m et a | . 20 14 4_ 73 1 2
computer and automatically register the results with the Validation Service ’

[Source code for this service.]

My_model_v1 5.02 10

Abcde et al., 2017 5.09 10




How It Works... The Finer Details




Validation Framework — Various Components

Validation Web Service

Model Test Result
Catalog Library Database

HPC Resources
(e.qg. Jureca)

Data Store
(e.g. CSCS Pollux Storage)

I
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Human Brain Project
Python client Collaboratory Apps

o Test Packages
SciUnit HippoUnit, MorphoUnit,

NetworkUnit
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Overview of SciUnit

v" What is SciUnit?
A Test-driven framework for formally validating scientific models against data.

It employs the concept of Capabilities.

SciUnit: https://github.com/scidash/sciunit
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Overview of SciUnit

v" What is SciUnit?
A Test-driven framework for formally validating scientific models against data.

It employs the concept of Capabilities.

v" What are Tests?

A procedure intended to establish the quality, performance, or reliability of a model
v' What are Capabilities?

* interfaces through which the model and the validation framework communicate

* implemented as methods (functions) within the model

SciUnit: https://github.com/scidash/sciunit



Overview of SciUnit
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* interfaces through which the model and the validation framework communicate

* implemented as methods (functions) within the model



Overview of SciUnit
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v' What are Capabilities?
* interfaces through which the model and the validation framework communicate

* implemented as methods (functions) within the model



f
Vm ’ Iinj <
Model
Inas Gk <
g

Overview of SciUnit

-

v' What are Capabilities?

* interfaces through which the model and the validation framework communicate

\_

Validation
Framework

~

J

* implemented as methods (functions) within the model



Overview of SciUnit
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v' What are Capabilities?
* interfaces through which the model and the validation framework communicate

* implemented as methods (functions) within the model



Overview of SciUnit
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v' What are Capabilities?
* interfaces through which the model and the validation framework communicate

* implemented as methods (functions) within the model



Use of Capabilities

Courtesy: Andrew Davison



Use of Capabilities

Model

Courtesy: Andrew Davison



Use of Capabilities

Model Test

Courtesy: Andrew Davison



Use of Capabilities

Model Capability requires Test

Courtesy: Andrew Davison



Use of Capabilities

Model implements Capability requires Test

Courtesy: Andrew Davison



Use of Capabilities

Model implements Capability requires Test

Motivation for using capabilities:
v decoupling of the validation test implementation from the model implementation

v’ astandardized interface between models and tests

Courtesy: Andrew Davison



Use of Capabilities

Model implements Capability requires Test

Courtesy: Andrew Davison



Use of Capabilities

Model implements Capability requires Test
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Use of Capabilities

Model implements Capability requires Test
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Support for Structured Models

Model implements Capability requires Test
Structured T .
mplicit Capabilit

Model implicit Capability Test




Comparing Multiple Models

Model implements Capability requires Test




Comparing Multiple Models

Model implements Capability requires Test




Comparing Multiple Models

Model implements Capability requires Test




Comparing Multiple Models

Model implements Capability requires Test




Comparing Multiple Models

Model implements Capability requires Test

Score




Test Modules

The overall test suite has been divided into a number of components, some containing validation tests specific to
particular brain regions, others more generic. All validation tests are written in Python, using the SciUnit framework.
Some of these are listed below:

Test suites for specific brain regions

Q  HippoUnit: https://github.com/KaliLab/hippounit

Q  HippoNetworkUnit: https://github.com/pedroernesto/HippoNetworkUnit
Q CerebUnit: https://github.com/lungsi/cerebellum-unit

Q BasalUnit: https://github.com/appukuttan-shailesh/basalunit

Test suites for model features, independent of cell type or brain region
Q MorphoUnit: https://github.com/appukuttan-shailesh/morphounit
Q  NetworkUnit: https://github.com/mvonpapen/simrest validation

Q eFELUnit: https://github.com/appukuttan-shailesh/eFELunit



Targeted at electrophysiological validations on detailed hippocampal CAl1 pyramidal cell model. Simulation
outcomes are tested closely against experimental findings. It currently comprises the following tests:

O  Somatic Features Test
Experimental data: Migliore et al. 2018

a Depolarization Block Test
Experimental data: Bianchi et al. 2012

O  Backpropagating Action Potential (AP) Test
Experimental data: Golding et al. 2001

O  Post-Synaptic Potential (PSP) Attenuation Test
Experimental data: Magee & Cook 2000

O  Oblique Integration Test Developed by

Experimental data: Losonczy & Magee 2006 Sdra Saray and Szabolcs Kdli (IEM, HAS)



Post-Synaptic Potential (PSP) Attenuation Test

Neuronal Morphology
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Attenuation soma/dendrite

Post-Synaptic Potential (PSP) Attenuation Test

PSP attenuation
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CAl pyr cACpyr oh140807 AO idC 20170912112759
Experimental data (Magee & Cook, 2000)



Validation Framework — Various Components

Validation Web Service

Model Test Result
Catalog Library Database

HPC Resources
(e.qg. Jureca)

Data Store
(e.g. CSCS Pollux Storage)
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Python client Collaboratory Apps

o Test Packages
SciUnit HippoUnit, MorphoUnit,

NetworkUnit
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Model Catalog App

Workspace Maodel Catalog

Model Catalog

Select: species = Hippocampus = celltype - model scope - abstraction level = Select organization - Select privacy = Select collab =

Search:
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Model Catalog App

Workspacs Maodel Catalog e

CA1_pyr_cACpyr_oh140807_A0_idG_20170915113354

Author(s): Rosanna Migliore
Permissions

Read and Write

Model D ipti
odel Description Model Versions

Single cell model optimized usin

=]
[si]
@
8]
[@)]
T

Name ID Created on
Model information

2018, 02:23

o

2!

@

Description:

Parameters:

Species: Rat (Rattus rattus) Morphology: |~ L'https://ob

View morphology
Brain region: Hippocampus

Model scope: Single cell model Code
Cell type: Pyramidal Cell garat
Download -

Morphology location: nips://object.cscs.ch/vl/AUTR_cU ect s271cedasecdidea/nippocampus_oplimiZation/opumizations/CA1_pyr_CALpY

asc, py, hoc, mod, json




Model Catalog App — Morphology Viewer

Readme | Terms of use | What's new | Feedback

Select neuron from "' my computer ' NeuroMorpho.org '~ Allen Cell Types '® HEF Model Catalog
Model instance: | e1eeb736-7a29-42a6-aale-1eab6127cids v

Load neuron: | CAT_pyr_cACpyr_oh140807_AD_idG_20170915113354, item 0: oh140807_AD_idG.asc v

« Neta daia at the HEP Model Catalog.

Export PNG || Export SVG || Export SWC+ . soma: | I | 2xon: | I | Dendrite- | I | ~pical dendrite:| I | Render [thin lines (fast) *

0h140807_A0_idG.asc

- COMOours ...

[+] NewContour #1

[+] NewContour #2
-1 U borders ...

[+] SR/SF

[+] SLM/SR

[+] SPIS0O

[+] SOALV

[+] HFISLM

[-1 '# soma (contour)
Aldtributes (8) =
Points (49)
[-1 ¥ Axon
Adtributes (&) =
Points (47) »
[-1 ¥ dendrites ...
[*]1 ¥ (basal) Dendrite #1

[+] | (basal) Dendrite #2
[*] | (basal) Dendrite #3
[*]1 ¥ (basal) Dendrite #4
[+] ¥ Apical dendrite

Spatial registration

The neuron currently has its coordinates in the local spafial reference system.

Thanks to
Rembrandt Bakker
(Jilich) for his
support on this task.



Validation Results App — By Model

Workspace

Validation Framework o

CA1_pyr_cACpyr_oh140807 A0 _idG_20170915113354

Author(s): Rosanna Migliore

Model Description

Single cell model optimized using BluePyOpt...

Model information

1D: d4272705-bc99-4c4a-9e4d-3cel14382b90

Organization: HBP-5P&

Species: Rat (Rattus rattus)
Brain region: Hippocampus
Model scope: Single cell model

Cell type: Pyramidal Cell




Validation Results App — By Model

Workspace Validation Framework o

CA1_pyr_cACpyr_oh140807 A0 _idG_20170915113354

Author(s): Rosanna Migliore

Model Description Model information

Single cell model optimized using BluePyOpt... ID: d4272705-bc99-4c4a-gedd-3ce114382h90

Organization: HBP-5P&

Results
test id | model version 1.0
score date
Backpropagating Action Potential Test (1.0) 8.2057 23/10/2018, 04:45
Post-Synaptic Potential Attenuation Test (1.0) 2.9428 23/10/2018, 04:36
Somatic Features Test (1.0) 1.0828 23/10/2018, 04:32

Depolarization Block Test (1.0) 6.2567 23/10/2018, 04:24




Validation Results App — By Test

Workspace Validation Framework e

Hippocampus CA1l PSPAttenuationTest

Author(s): Sara Saray

Results

model id | test version 1.0

score date

CAl_pyr_cACpyr_och140807 A0 idC_20170912112759 (1.0) 2.5555 23/10/2018, 05:57

CAl_pyr_cACpyr_oh140807_A0 idF _20171003112912 (1.0) 2.7258 23/10/2018, 05:22

CA1_pyr_cACpyr_oh140807_A0_idG_20170915113354 (1.0) 2.9428 23/10/2018, 04:36

CA1_pyr_cACpyr_oh140807_A0 idH_20170915113422 (1.0) 2.9059 23/10/2018, 03:50

CA1_pyr_cACpyr_oh140807_A0_idl_20170915113621 (1.0) 2.0832 23/10/2018, 01:08




Validation Framework — Various Components

Validation Web Service

Model Test Result
Catalog Library Database

HPC Resources
(e.qg. Jureca)

Data Store
(e.g. CSCS Pollux Storage)
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y
Human Brain Project
Python client Collaboratory Apps

o Test Packages
SciUnit HippoUnit, MorphoUnit,

NetworkUnit
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Use Cases on Brain Simulation Platform

* The Brain Simulation Platform provides an array
of tools and services assisting data-driven model
development

* Freely available to the scientific community
e The platform hosts several Use Cases that
enable users to employ various established

validation workflows

e Customizable by allowing the user to configure
parameters as per requirements

Thanks to Alexander Dietz and Stefano Antonel
(EPFL) for their support on this task.

Y

Validation

Y

Validation

i

Validation

i

Validation

Y

Validation

Validation Framework Demo (Walkthrough)

Demonstrates the use of the validation framework

Basal Ganglia - BluePyOpt Optimized Model Validation - Multiple HOF

Validates single cell basal ganglia models optimized via BluePyOpt for various features offered

by eFEL; models contain multiple hall of fame parameter sets

Basal Ganglia Morphology Validation

Validates single cell morphologies of MSN and FS cells

Generic - BluePyOpt Optimized Model Validation

Validates models optimized via BluePyOpt for various features offered by eFEL

Hippocampus Single Cell - BluePyOpt Optimized Model Validation

Validates single cell models of Hippocampus optimized via BluePyOpt
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REST API & Python Client

> & @& Secure | https:/github.com Q q] $ & ®| ‘ & C | & secure | https;//github.com Q q] $ @ M
HumanBrainProject / hbp-validation-framework @ unwatch~ | & ¥ si ¥ HumanBrainProject / hbp-validation-client @ unwatch~ | B ¥ sta
forked from apdavison |':|:|-'.','| IEanon-client
<» Code Issues 38 Pull requests o Projects o Wik Insights Seitings &5 Code [ssues 7 Pull requests @ Projects @ nsights Settings

No description, website, or topics provided. A Python package for working with the Human Brain Project Model Validation Framework  http:/hbp-validation-client.r

\ topics
lanage topics Manage topics

[P 989 commits ¥ 2 branches 0 releases L3 D 203 commits ¥ 1 branch 1 release AL 2 contributors 4
|
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Ongoing Work & Future Plans

Continue developing a comprehensive, test repository for models covering a variety of biophysical features

Creating test suites; will help avoid having to manually specify lists of tests

Development and release of Validation Dashboard

Execution of simulations online on HPC resources

Automated launch of validations when a new model instance is registered

Integrate BlueNaa$S (Neuron as a Service) with the Model Catalog - with help from Genrich Ivaska (EPFL)

Develop appropriate scoring methods for evaluating model performance
e.g. sensitivity analysis, quantification of model uncertainty



6 o
QH? Human Brain Project

A Grazie!

D #
Matthieu
Senoville

Shailesh Jonathan Helissande
Appukuttan Dupperrier Fragnaud




