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Network structure

50µm

mouse dataset
Turner et al., 2022
human dataset
Shapson-Coe et al., 
2021
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Network function
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space ()

• Spatiotemporal data (voltage traces at 
different locations)

•  million simulation runs

Bast et al. 2023



Visual computing in computational neuroscience

6goal: understand the neural basis of behavior 

Bast et al. 2023

structural model

biophysical model model parameter analysis

model generation

Amira software

network analysis
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Design goals

G1. Support the combination of different view types.

G2. Integrate existing visualization frameworks and libraries 
       to facilitate code reuse and reduce development time.

G3. Enable interactive and iterative refinement of views, 
workspace layout, and interaction logic.

G4. Avoid hard-coded or domain-specific ontologies tied to 
a priori known analysis questions or workflows.

G5. Support dynamic transitions between different 
workspace configurations.

web-based coordinated views

combine InfoVis & SciVis views

grammar-based specification

key features of tool
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Coordinated views – brushing & linking

https://vda-lab.github.io/visualisation-tutorial/vegalite-a-scatterplot-matrix.html
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InfoVis & SciVis views

InfoVis: Information Visualization (abstract data)

https://vega.github.io/vega-lite/examples/

bar chart scatter plot

line chart heat map

SciVis: Scientific Visualization (spatial data)

surface rendering

volume rendering

https://git.zib.de/amira/demos; cortexinsilico.zib.de

line rendering

point cloud rendering
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Grammar-based specification – Vega-Lite example

https://vega.github.io/

JSON-based specification modified specification
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Technical realization
JSON-based specification

JavaScript visualization libraries

view

web-based frontend

Python backend
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Technical realization
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Technical realization
workspace layout L1

single click

workspace layout L2

deselect
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Simple demo – specifying linked views for point cloud data
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Tool in usage with neuroscientific model data
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Biophysical model parameter analysis – preliminary results

𝑈𝑀𝐴𝑃 :104×35→104×2 𝑈𝑀𝐴𝑃 :104×7→104×2

Bast et al. 2022 
Bast et al. 2023

 channel expression 
parameters

 channel utilization
features for  zone

 uniformly sampled 
simulation runs
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comparing membrane potentials on neuron morphology for two selected parameter samples  

Biophysical model parameter analysis – preliminary results
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Summary and outlook

Key features of tool
• Web-based coordinated views
• Combines InfoVis & SciVis views from different JavaScript libraries
• JSON-based specification of layout and interactions
• Code: https://github.com/zibneuro/coordinated-views

Future work

• Integrate vaex (https://vaex.io/) to improve performance of Python backend

• Integrate backend server into Jupyter notebook

• Develop expressive syntax for configuration of 3D view

• Demonstrate generalizability with data from other domains

https://github.com/zibneuro/coordinated-views
https://vaex.io/
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Thank you for your attention!
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Implementation – code snippets

WebGL-enabled scatter plot
[Lekschas, 2023]

parallel coordinates
Plotly.js
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impact of neuron morphology on connectivity feature-rich generative network models

Harth, Vohra et al.; VCBM, 2022.

Network analysis

Udvary, Harth et al.; Cell Reports, 2022.

stratification matrix viewer

Boelts, Harth et al.; PLOS Comp. Biol., 2023. (accepted for publication)

simulation-based inference of parameters

(in preparation)
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