freiburg  The FACETS Project

NumPy, Matplotlib, SciPy, NeuroTools, PyNN

Jens Kremkow

Neurobiology and Biophysics, Albert-Ludwigs-Universitat Freiburg
Bernstein Center for Computational Neuroscience Freiburg



Overview

' NumPy NumPy - fundamental package needed for scientific computing

& matplotlib  Matplotlib - matplotlib is a python 2D plotting library

SciPy - package for mathematics, science, and engineering

PyNN - simulator-independent language for building neuronal network models

NeuroTools - collection of tools to support all tasks associated with a neural
simulation projects
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How to present code and its results®

% o

Emacs@quercus.local

ODEEx LES $EhREXT

[
import MeurcTools.stgen os stgen
import pylab
pylab.close( ]
sg = stgen.Sthen)
duration = 10888,
rate_independent = 188, #Hz
rate_shared = 18. #Hz, 18 % correlation
stl = sg.poisson_generator(rate=rate_independent, t_stop = duration)
print
print % stl.mean_rate()
print % stl.ov_isi()
print % stl.fano_factor_isi()
stl.raster_plet{display=True)
pylab.figure() Y

--:-- sfn_example_stgen.py Top L15 SWN:362 (Python)----------———-cccoocooo
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Complex, time-consuming way:
Copy&paste code and figures into a presentation

iImport NeuroTools.stgen as stgen
import pylab

sg = stgen.StGen()

duration = 1000.

rate_independent = 100. #Hz
rate_shared = 10. #Hz, 10 % correlation

st1 = sg.poisson_generator(rate=rate_independent, t_stop = duration)
print "Spiketrain 1:"

print "mean rate: %f" % st1.mean_rate()

Out: 94.0

print "coefficient of variation: %f" % st1.cv_isi()

Out: 1.03099116849

print "fano factor: %f" % st1.fano_factor_isi()

Out: 11.211944837

st1.raster_plot(display=True)
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Complex, time-consuming way:
Copy&paste code and figures into a presentation
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—asy, efficient way:
pyreport

e http://gael-varoquaux.info/computers/pyreport/

e pyreport is a program that runs a python script and captures its output,
compiling it to a pretty report in a pdf or an html file.

e |t can display the output embedded in the code that produced it and can
process special comments (literate comments) according to markup
languages ( rst or LaTeX ) to compile a very readable document.

e This allows for extensive literate progamming in python, for generating reports
out of calculations written in python, and for making nice tutorials.
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http://gael-varoquaux.info/computers/pyreport/
http://gael-varoquaux.info/computers/pyreport/

—asy, efficient way:
pyreport

pyreport sfn_example_stgen.py

open sfn_example_stgem.pdf
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NumPy ’NumPy

e http://numpy.scipy.org

e NumPYy is the fundamental package needed for scientific computing with
Python. It contains:

e a powerful N-dimensional array object

¢ pbasic linear algebra functions

e basic Fourier transforms

¢ sophisticated random number capabilities
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http://numpy.scipy.org
http://numpy.scipy.org

Information about NumPy # Numpy

General information: http://www.scipy.org/NumPy

Reference: http://docs.scipy.org/doc/numpy/reference/

Examples for each function: http://www.scipy.org/
Numpy Example List With Doc

Cookbook: http://www.scipy.org/Cookbook
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http://www.scipy.org/NumPy
http://www.scipy.org/NumPy
http://docs.scipy.org/doc/numpy/reference/
http://docs.scipy.org/doc/numpy/reference/
http://www.scipy.org/Numpy_Example_List_With_Doc
http://www.scipy.org/Numpy_Example_List_With_Doc
http://www.scipy.org/Numpy_Example_List_With_Doc
http://www.scipy.org/Numpy_Example_List_With_Doc
http://www.scipy.org/Cookbook
http://www.scipy.org/Cookbook

NumPy examples

show examples pdf
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Matplotlib ¥ matplotlib

e matplotlib is a python 2D plotting library which produces publication quality
figures

e matplotlib can be used in python scripts, the python and ipython shell (ala
matlab or mathematica), web application servers, and six graphical user
interface toolkits

e matplotlib tries to make easy things easy and hard things possible

® You can generate plots, histograms, power spectra, bar charts, errorcharts,
scatterplots, etc, with just a few lines of code
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Information albout Matplotlib

& matplotlib

General information: http://matplotlib.sourceforge.net/

Examples: http://matplotlib.sourceforge.net/examples/index.html

Cookbook: http://www.scipy.org/Cookbook/Matplotlib

User Guide: http://matplotlib.sourceforge.net/users/index.html

Gallery: http://matplotlib.sourceforge.net/gallery.html
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http://matplotlib.sourceforge.net
http://matplotlib.sourceforge.net
http://matplotlib.sourceforge.net/examples/index.html
http://matplotlib.sourceforge.net/examples/index.html
http://www.scipy.org/Cookbook/Matplotlib
http://www.scipy.org/Cookbook/Matplotlib
http://matplotlib.sourceforge.net/users/index.html
http://matplotlib.sourceforge.net/users/index.html
http://matplotlib.sourceforge.net/gallery.html
http://matplotlib.sourceforge.net/gallery.html

Matplotlib examples & matplotlib

show examples pdf
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SciPy @

e SciPy (pronounced "Sigh Pie") is open-source software for mathematics,
science, and engineering.

e The SciPy library depends on NumPy

e The SciPy library is built to work with NumPYy arrays, and provides many user-
friendly and efficient numerical routines such as routines for numerical
iIntegration and optimization.
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Information about SciPy

General information: http://www.scipy.org

Reference Guide: http://docs.scipy.org/doc/scipy/reference/

Cookbook: http://www.scipy.org/Cookbook
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http://www.scipy.org
http://www.scipy.org
http://docs.scipy.org/doc/scipy/reference/
http://docs.scipy.org/doc/scipy/reference/
http://www.scipy.org/Cookbook
http://www.scipy.org/Cookbook

SciPy examples

show examples pdf
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OyNN

* PyNN (pronounced 'pine') is a is a simulator-independent language for
building neuronal network models

Sll;;l,ﬂﬂc":izej;ﬁc | pynn.nest I pynn.pcsim ] pynn.brian J qucmﬁ)::;;mre]J prnn.neuronJ [pynn.neuromlJ [ gz::::;z J ] pynn.moose )

\ 1t 1t s 1 1t 1
Python interpreter PyNEST PyPCSIM Brian PyHAL nrnpy Y i PyMOOSE
Native interpreter SLI @ ﬁ NeuroML H sli \ @

sl . gL 1 .
Simulator kernel NEST PCSIM A3 NEURON GENESIS 2 MOOSE
hardware
<=> Direct communication <& Code generation O Implemented D Planned
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General information: http://neuralensemble.org/trac/PyNN

User Guide: http://neuralensemble.org/trac/PyNN/wiki/UsersGuide
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http://neuralensemble.org/trac/PyNN
http://neuralensemble.org/trac/PyNN
http://neuralensemble.org/trac/PyNN/wiki/UsersGuide
http://neuralensemble.org/trac/PyNN/wiki/UsersGuide

PYNN examples

show examples pdf
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NeuroTools

e NeuroTools is a collection of tools to support all tasks associated with a
neural simulation project which are not handled by the simulation engine

e NeuroTools provides modules to facilitate simulation setup, parameterization,
data management, analysis and visualization

NeuroTools

[ Signals J [Parameters] { Stgen J [Vizualization]

- ‘//\\ v ¥ v J

SpikeList AnalogSignalList ParameterSet StGen Plots
isi_hist threshold_detection ParameterRange poisson_generator SimpleMultiplePlot
cv_hist event triggered average | |ParameterTable inh_poisson_generator progress_bar
pairwise_cc slice_by_event ParameterSearcher OU_generator MultipanelMovie
firing_rate shotnoise ActivityMap
mean_rate
activity_map
activity_movie
raster_plot
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NeuroTools

General information & User Guide: http://neuralensemble.org/trac/NeuroTools
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http://neuralensemble.org/trac/NeuroTools
http://neuralensemble.org/trac/NeuroTools

NeurolTools examples

show examples pdf
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Daniel Bruderle, Andrew Davison, Jens Kremkow, Eilif Muller, Laurent Perrinet, Michael Schmucker



—Xerclses

e Simple exercises on the Wiki

e More complex exercise: build a visual system using numpy, matplotlib and
NeuroTools

e (Go through some examples in the cookbooks of numpy, scipy, matplotlib
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More complex exercise:
Sulld a visual system model
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More complex exercise:
Sulld a visual system model

Stimulus V1 RF
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More complex exercise:
Sulld a visual system model

Stimulus

e 3D numpy array | Con V1 RF

® ©.g. NUMpPY.Sin VO/UZ‘/O/?
e 2D numpy array

e c.g. Gabor function

/Filtered Stimulus (1D)
Spiking mechanism

e c.g. NeuroTlools.stgen.StGen.inh_poisson_generator

.

Stimulus induced spikes
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