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Physical emulation of neuron and synapse dynamics
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= Python interface (PyNN)
= Collection of educational jupyter
B notebooks
= Access via EBRAINS
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\((«(‘ Right figure taken from Gerstner et al. Neuronal Dynamics: From Single Neurons to Networks and Models of Cognition. (Cambridge University Press, 2014)




Use Cases: Workshops
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Demo / brainscales2-demos /
{1 . T BrainScaleS-2 single neuron experiments a
B8 _static aday ago . . X X
e e 18 o 800 In order to use the microscheduler we have to set some environment variables first: ()
[ common._... aday ago |- from _static.common.helpers import setup hardware client 1
'S. ] fortgeschri... aday ago setup hardware client() -3
™ fp_binary ... aday ago
i ryf L I swmatplotlib inline
M [ tp_pynn_in.. aday ago import numpy as np
fp_sudoku.... aday ago from ipywidgets import interact, IntSlider
irisday d from functools import partial
Queday.p... agayago IntSlider = partial(IntSlider, continuous update=False)
gs_01_ne... a day ago import matplotlib.pyplot as plt
[ gs_02_pyn aday ago plt.style.use(" static/matplotlibrc”)
gs_03_sin... aday ago import pynn_brainscales.brainscales2 as pynn
from pynn_brainscales.brainscales2 import Population
95.04-1_... &.cay:ago from pynn_brainscales.brainscales2.standardmodels.cells import SpikeSourceArray
gs_04-2_... aday ago from pynn_brainscales.brainscales2.standardmodels.synapses import StaticSynapse
R gs 05_ma... aday ago
[® gs_06_logi... aday ago def plot_membrane_dynamics(population: Population, segment id=-1, ylim=None):
index.ipynb aday ago Gl
) Plot the membrane potential of the neuron in a given population view. Only
§ [ nmpi_00-n... aday ago population views of size 1 are supported.
5 D spiking_co... aday ago :param population: Population, membrane traces and spikes are plotted for.
>c O spiking2 22 minut :param segment id: Index of the neo segment to be plotted. Defaults to
=] APRINGE.C:ii HIRRASAg0 -1, encoding the last recorded segment.
3 g tp_00-intro... a day ago :param ylim: y-axis limits for the plot.
€5 e
eéﬁ Bl tp_01-prop... a'day ago if len(population) != 1:
oS aday ago raise ValueError("Plotting is supported for populations of size 1.")
# Experimental results are given in the ‘neo' data format
= mem v = population.get data("v").segments[segment id].irregularlysampledsignals[@]
ts_01-sup... aday ago
ts_02-plast... aday ago plt.plot(mem v.times, mem v, alpha=0.5)
= print(f"Mean membrane potential: {mem v.mean()}")
ts_03-multi.... aday ago plt.xlabel("Wall clock time [ms]")
ts_04-mc._.... aday ago ?}t.{}abel("wc readout [a.u.]")
f 2 if ylim:
[®] ts_05-yin_... a minute ago plt.ylim(ylim)
0 ts_06-dyn... a day ago
pd 15_07-pon. aday ago In this part we will explore some of the spiking capabilities of the Brail leS-2 hi ! using our impl of the pyNN interface.
é [ ts_og-ade... 2 hours ago There are 512 neuron lating the leaky integrate and fire model and 131,072 STP/STDP synapses in one HICANN-X chip, but we will stick to a single neuron for now.
o [® tutorialipynb a day ago
L A silent neuron
(‘q’ . "
Simple (0 2 B 1 © 4 EBRAINS-experimental |Idle Mem: 273.59 / 2048.00 MB Mode: Command @ Ln1,Col1 ts 00-single_neuron.ipynb 3
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Use Cases: University Lecture

Tutorial by Alessio Franci in “Principles of neuroengineering”
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Each pattern is an AdEx neuron's response to a constant step current. It is characterized through the resulting spike times and the membrane trace, which is shown next to the
trajectory through the phase space of both the membrane potential ¥ and the adaptation current w. These phase diagrams display the behavior of the complete dynamical system
including, e.g., the discontinuities at the respective spike times. They also indiciate the nullclines, i.e. the curves where V(u') = 0 (black curves, solid: resting state, dashed: during
stimulus) and w(V) = 0 (green line), respectively. For a more detailed description, please refer to Naud et al. (2008).

Silicon neuron implementation

Each model can be

The silicon neurons of BrainScaleS-2 attempt to faithfully implement the AdEx dynamics as captured by the above system of dif
tuned by means of either programmable voltage references or bias currents.

Deviating from the original equations, the silicon neuron keeps track of the adaptation state in form of a voltage, which is then converted into a current flowing onto the membrane;
and can be

the neuron consists of two coupled leaky integrators. The resistive elements behind these RC circuits are i from active, tr istor-based (ti

tuned through bias currents (higher bias currents will result in stronger conductances — corresponding to, e.g., lower time constants). While cross-dependencies between different

parameters have been reduced to a minimum during the design phase, a direct one-to-one correspondence between model and circuit parameters is not always guaranteed. The
following diagram attempts to highlight the ies and all revelant for a basic understanding of the AdEx circuits.
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The two RC circuits ing the and the term are coupled through two voltage-controlled current sources with a tunable transconductance (strength),

which we use to, e.g., tune the subthreshold adaptation strength.

smatplotlib inline
from _static.common.helpers import setup_hardware client
setup_hardware_client()

import pynn_brainscales.brainscales2 as pynn

from _static.tutorial.snn adex helpers import plot membrane dynamics, build gui
from ipywidgets import fixed
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pynn.end()

Understanding subthreshold adaptation

1. Get accustomed with the shown neuron parameters and attempt to associate them with model from the dif
2. Observe the and states and their response to a change in the stimulus current and sub-threshold adaptation bias. (Hint: It might be
advantageous to start from a clean state, i.e. re-execute the cell to reset the parameters.)

« You should be able to observe a “ringing” at the transients, visible as an overshoot at the leading and trailing edges of the stimulus current.
« Can you induce a (dampened) oscillatory behavior at the transients of the stimulus? Consider strengthening the sub-threshold adaptation and aligning the leak and adaptation

time constants (by slowing down the and i the speed of the ion state).
build_gui(experiment, ["leak i bias", "leak v leak", "adaptation v _ref", "adaptation i bias tau", "adaptation i bias a", "constant current i offse
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Transient spiking
1. Let's now consider a few more neuron parameters (i.e. reset potential, spike-triggered adaptation strength, exponential onset potential, and exponential slope bias). Associate
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Use Cases: Advanced Lab Course
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o pynn.Projection(src, pop, pynn.AllToAllConnector(), %

synapse_type=synapse, receptor type="excitatory")
0 [4]: Projection("populationl-population@”) a
The created network of populations and projections can now be emulated for a selected time.
(&)
[5]: # the duration is given in ms,
# this is in the hardware domain, not in the biological
'g' # (the hardware is faster by a factor of approx. 1000 FY
# compared to biology)
duration = 0.1
* pynn. run(duration)
Thereafter, the recorded behavior of the neurons can be read out.
[6]: # read out the spikes of the neuron in ‘pop’
spiketrain = pop.get data("spikes").segments[0].spiketrains[0]
print(f"The neuron spiked {len(spiketrain)} times.")
print(f"The spike times were: {spiketrain}")
# plot its membrane potential
mem v = pop.get data("v").segments[@].irregularlysampledsignals[e]
import matplotlib.pyplot as plt
%matplotlib inline
plt.figure()
plt.plot(mem v.times, mem v)
plt.xlabel("time [ms1")
plt.ylabel("membrane potential [LSBI")
plt.show()
The neuron spiked © times.
The spike times were: [1 ms
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result["value"] for calculating your mean ADC values. Complete the cell below to do so:

Hint: You can use the measure_voltage function.

[ ]: import numpy as np

# Measure characteristic

voltages = ... # volt

results = np.zeros_like(voltages) # mean ADC values in LSB

errors = np.zeros_like(voltages) # std deviation of ADC values in LSB

with hxcomm.ManagedConnection() as connection:
for voltage _id, voltage in enumerate(voltages):
samples = ...
results[voltage id] = ...
errors[voltage id] = ...

« Plot the characteristic, i.e. plot the acquired value over the external voltage.

[ 1: import matplotlib.pyplot as plt
plt.figure(figsize=(12, 8))

# TODO

plt.xlabel("Voltage [V]")
plt.ylabel ("MADC value [LSBI")

“x data” and the voltages as “y data” for your fit function.

# fit linear function to data
from scipy.optimize import curve fit

# TODO
« Plot your linear fit and save the plot.
« Save the fit parameters for later, so you can convert ADC values to Volt.

You can use the fit you obtained to i a madc value to voltage conversion routine like so:

[ 1. def madc_to_voltage conversion(m, b):
def convert(value):
return m * value + b
return convert

madc_to_v = madc_to_voltage conversion(*popt)

Characterizing Neuron Parameters

« Measure the sampled value for voltages between 0 and 1.2 V. We recommend steps of 0.05 V. For each data point, save a mean ADC value. Hint: Use something like

« Perform a linear fit in a suitable range (exclude possibly saturated values on top and bottom). Hint: In order to convert sample values to voltage later, you can use the results as

We now move on to a isation of Neuron F the goal is to relate the parameter values, which are specified in arbitrary units to the MADC measurement values.
That way you will establish a correspondence between the values you specify and the membrane measurement values send back to you by the chip.
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Lu.i — An educational neuron PCB
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Prerequisites

= EBRAINS account

e Easy access to hardware
e Tutorials available on github
= High number of participants — please contact us
* Additional setups for reduced waiting times
* Help with creation of guest accounts
= Prior knowledge
* Depends on tutorial type
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EBRAINS

BRAINS

@



mailto:bjoern.kindler@kip.uni-heidelberg.de

