

    
      
          
            
  
Daten visualisieren

Das Tutorial gibt einen Überblick über die verschiedenen Python-Bibliotheken,
die ihr zur Datenvisualisierung einsetzen könnt. Es ist entstanden aus den
cusy-Schulungen zur Datenvisualisierung mit Python [https://cusy.io/de/unsere-schulungsangebote/python-schulungen-fuer-analysten-wissenschaftler-und-ingenieure].

Aktuell ist es sehr schwierig, einen Überblick über die Bibliotheken zur Datenvisualisierung zu erhalten. Im Folgenden
versuchen wir, die Suche nach der passenden Bibliothek zu vereinfachen, indem
wir einige Aspekte genauer beleuchten:


	Technologien


	Zentrale Bibliotheken


	pandas .plot()-API


	Weitere High-Level-APIs


	Rendern großer Datenmengen


	Diagrammtypen (Statistische Darstellungen, regelmäßige und
unregelmäßige Gitter etc.)




Anschließend geben wir eine praktische Einführung in die gebräuchlichsten
Python-Bibliotheken.

Wir behandeln hier jedoch nicht Design-Prinzipien, Data-Storytelling oder die
Auswahl des passenden Diagrammtyps. Hierzu verweisen wir jedoch gerne auf die
folgenden Quellen:


Siehe auch


	Data Visualisation Guide [https://data.europa.eu/apps/data-visualisation-guide/]


	Graphical Perception: Theory, Experimentation, and Application to the
Development of Graphical Methods [https://www.math.pku.edu.cn/teachers/xirb/Courses/biostatistics/Biostatistics2016/GraphicalPerception_Jasa1984.pdf]


	Financial Times Chart Doctor: Visual vocabluary [https://github.com/Financial-Times/chart-doctor/tree/main/visual-vocabulary]


	The Data Visualisation Catalogue [https://datavizcatalogue.com/]


	Cartography Guide [https://www.axismaps.com/guide/map-projections]


	Xenographics [https://xeno.graphics/]












            

          

      

      

    

  

    
      
          
            
  
Schnelleinstieg

[image: Contributors]
 [https://github.com/veit/pyviz-tutorial/graphs/contributors][image: License]
 [https://github.com/veit/pyviz-tutorial/blob/main/LICENSE][image: pre-commit.ci status]
 [https://results.pre-commit.ci/latest/github/veit/pyviz-tutorial/main][image: Docs]
 [https://pyviz-tutorial.readthedocs.io/de/latest/][image: Pyup]
 [https://pyup.io/repos/github/veit/pyviz-tutorial/][image: Mastodon]
 [https://mastodon.social/@PyViz]
Installation


	Herunterladen und Auspacken:

$ curl -O https://codeload.github.com/veit/pyviz-tutorial/zip/refs/heads/main
$ unzip main
Archive:  main
…
   creating: pyviz-tutorial-main/
…







	Pandoc installieren:


	für Ubuntu und Debian:

$ sudo apt install pandoc







	für Mac OSX:

$ brew install pandoc











	Python-Pakete installieren:

$ cd pyviz-tutorial
$ python3 -m venv .
$ bin/python -m pip install  --upgrade pip setuptools
$ bin/python -m pip install -r requirements.txt







	HTML-Dokumentation erstellen:

$ bin/sphinx-build -b html docs/ docs/_build/







	PDF erstellen:

Für die Erstellung von PDFs benötigt ihr weitere Pakete.

Für Debian/Ubuntu erhaltet ihr diese mit:

$ apt-get install texlive-latex-recommended texlive-latex-extra texlive-fonts-recommended latexmk





oder für Mac OS X mit:

$ brew cask install mactex
…
🍺  mactex was successfully installed!
$ curl --remote-name https://www.tug.org/fonts/getnonfreefonts/install-getnonfreefonts
$ sudo texlua install-getnonfreefonts
…
mktexlsr: Updating /usr/local/texlive/2020/texmf-dist/ls-R...
mktexlsr: Done.





Anschließend könnt ihr ein PDF generieren mit:

$ cd docs/
$ make latexpdf
…
The LaTeX files are in _build/latex.
Run 'make' in that directory to run these through (pdf)latex
…





Das PDF findet ihr anschließend in docs/_build/latex/pyviz-tutorial.pdf.







Folge uns


	GitHub [https://github.com/veit/pyviz-tutorial]


	Twitter [https://twitter.com/PyvizTutorial]


	Mastodon [https://mastodon.social/@PyViz]






Pull-Requests

Wenn ihr Vorschläge für Verbesserungen und Ergänzungen habt, empfehle ich euch,
einen Fork [https://github.com/veit/pyviz-tutorial/fork] meines
GitHub-Repository [https://github.com/veit/pyviz-tutorial/] zu erstellen
und darin eure Änderungen vorzunehmen. Gerne dürft ihr auch einen Pull Request
stellen. Sofern die darin enthaltenen Änderungen klein und atomar sind, schaue
ich mir eure Vorschläge gerne an.





            

          

      

      

    

  

    
      
          
            
  
Überblick über die Bibliotheken zur Datenvisualisierung

Zunächst erhaltet ihr einen grafischen Überblick auf Basis der zentralen
Python-Bibliotheken zur Datenvisualisierung.


Siehe auch


	Jake VanderPlas: Python’s Visualization Landscape (PyCon 2017) [https://speakerdeck.com/jakevdp/pythons-visualization-landscape-pycon-2017]


	The Data Visualisation Catalogue [https://datavizcatalogue.com/]







Technologien


graph python_visualisation_landscape {

 graph [fontname = "Calibri", fontsize="16", overlap=false];
     node [fontname = "Calibri", fontsize="16", style="bold", penwidth="5px"];
     edge [fontname = "Calibri", fontsize="16", style="bold", penwidth="5px"];
     tooltip="Python Visualisation Landscape";

     // OpenGL
     opengl [
         label="OpenGL",
         tooltip="Open Graphics Library",
         color="#FF66B3",
         target="_top",
         href="../opengl/index.html"]
     VisPy [
         label="Vispy",
         tooltip="Python-Bibliothek für\ninteraktive wissenschaftliche\nVisualisierungen",
         color="#FF66B3",
         target="_top",
         href="http://vispy.org/"]
     mayavi [
         label="Mayavi",
         tooltip="Python-Bibliothek für die\n3D-Visualisierung\nwissenschaftlicher Daten",
         color="#FF66B3",
         target="_top",
         href="http://docs.enthought.com/mayavi/mayavi/"]
     itkwidgets [
         label="itkwidgets",
         tooltip="Interaktive Jupyter-Widgets\nzur Visualisierung von Bildern,\nPunktmengen und Netzen\nin 2D und 3D",
         color="#FF66B3",
         target="_top",
         href="https://itkwidgets.readthedocs.io/en/latest/"]
     vedo [
         label="vedo",
         tooltip="Python-Modul für die\nwissenschaftliche\nAnalyse von 3D-Daten",
         color="#FF66B3",
         target="_top",
         href="https://vedo.embl.es"]
     polyscope [
         label="Polyscope",
         tooltip="Ein C++ und Python-Viewer\nfür 3D-Daten wie Netze\nund Punktwolken",
         color="#FF66B3",
         target="_top",
         href="https://polyscope.run"]
     glumpy [
         label="Glumpy",
         tooltip="Schnittstelle zwischen\nnumpy und OpenGL",
         color="#FF66B3",
         target="_top",
         href="https://glumpy.github.io/"]
     opengl -- VisPy [color="#FF66B3"]
     opengl -- mayavi [color="#FF66B3"]
     opengl -- itkwidgets [color="#FF66B3"]
     opengl -- vedo [color="#FF66B3"]
     opengl -- polyscope[color="#FF66B3"]
     opengl -- glumpy [color="#FF66B3"]

     // Matplotlib
     mpl [
         label="Matplotlib",
         tooltip="Python-Bibliothek\nfür 2D-Plots",
         color="#BF80FF"
         target="_top",
         href="../matplotlib/index.html"]
     mpl_scatter_density [
         label="mpl-scatter-density",
         tooltip="Streudichtekarten für die\naussagekräftige Darstellungen\ngroßer Datensätze",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/mpl-scatter-density.html"]
     pandas [
         label="pandas",
         tooltip="pandas Datenstrukturen mit\nMatplotlib visualisieren",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/pandas/index.html"]
     geopandas [
         label="GeoPandas",
         tooltip="GeoPandas erweitert pandas um geometrische Datentypen",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/geopandas/index.html"]
     geoplot [
         label="Geoplot",
         tooltip="High-level-Bibliothek zum Plotten von Geodaten",
         color="#BF80FF",
         target="_top",
         href="https://residentmario.github.io/geoplot/index.html"]
     prettymaps [
         label="prettymaps",
         tooltip="Python-Bibliothek zum Zeichnen benutzerdefinierter Karten aus OpenStreetMap-Daten",
         color="#BF80FF",
         target="_top",
         href="https://github.com/marceloprates/prettymaps"]
     seaborn [
         label="seaborn",
         tooltip="High-level-Datenvisualisierung\nbasierend auf Matplotlib",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/seaborn/index.html"]
     plotnine [
         label="plotnine",
         tooltip="Python-Implementierung von ggplot2",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/plotnine/index.html"]
     yellowbrick [
         label="Yellowbrick",
         tooltip="Tools für die visuelle Analyse und Diagnose\nvon Scikit-learn-Projekten",
         color="#BF80FF",
         target="_top",
         href="https://www.scikit-yb.org/"]
     networkx [
         label="NetworkX",
         tooltip="Erstellen, Ändern und Analysieren\nkomplexer Netzwerke",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/networkx.html"]
     graphviz [
         label="Graphviz",
         tooltip="Mächtige Visualisierungssoftware\nfür Graphen",
         color="#cccccc",
         target="_top",
         href="../matplotlib/graphviz.html"]
     graph_tool [
         label="graph-tool",
         tooltip="Effizientes Python-Modul zur\nManipulation und statistischen Analyse\n von Graphen",
         color="#cccccc",
         target="_top",
         href="../matplotlib/graph-tool.html"]
     cartopy [
         label="Cartopy",
         tooltip="Erstellen von Karten und\nAnalyse von Geodaten",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/cartopy/index.html"]
     iris [
         label="Iris",
         tooltip="Visualisierung auf Basis der Climate\nand Forecast (CF) Conventions",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/iris.html"]
     yt [
         label="yt",
         tooltip="Python-Bibliothek zur Analyse\nund Visualisierung von Volumendaten",
         color="#BF80FF",
         target="_top",
         href="../matplotlib/yt.html"]
     mpl -- pandas [color="#BF80FF"]
     mpl -- mpl_scatter_density [color="#BF80FF"]
     pandas  -- geopandas [color="#BF80FF"]
     mpl -- geoplot [color="#BF80FF"]
     mpl -- prettymaps [color="#BF80FF"]
     mpl -- seaborn [color="#BF80FF"]
     mpl -- plotnine [color="#BF80FF"]
     mpl -- yellowbrick [color="#BF80FF"]
     networkx -- graphviz [color="#BF80FF;0.5:#cccccc", style="dashed"]
     graphviz -- graph_tool [color="#cccccc;0.5:#cccccc", style="dashed"]
     mpl -- networkx [color="#BF80FF"]
     mpl -- cartopy [color="#BF80FF"]
     iris -- mpl [color="#BF80FF"]
     iris -- cartopy [color="#BF80FF"]
     yt -- mpl [color="#BF80FF"]
     yt -- opengl [color="#BF80FF;0.5:#FF66B3", style="dashed"]
     mpl -- ipympl [color="#BF80FF;0.5:#00FFFF"]
     mpl -- mpl_altair [color="#BF80FF;0.5:#00FF80"]

     // Bokeh
     bokeh [
         label="Bokeh",
         tooltip="Interaktive Python-Bibliothek\nzur Datenvisualisierung\nin modernen Webbrowsern",
         color="#9999FF",
         target="_top",
         href="../bokeh/index.html"]
     vaex [
         label="Vaex",
         tooltip="Python-Bibliothek zur Datenanalyse\nund -visualisierung",
         color="#9999FF",
         target="_top",
         href="https://github.com/vaexio/vaex"]
     holoviews [
         label="HoloViews",
         tooltip="Python-Bibliothek zur Datenanalyse\nund -visualisierung",
         color="#9999FF",
         target="_top",
         href="http://holoviews.org/"]
     hvplot [
         label="hvPlot",
         tooltip="High-level-Plot-API\nauf Basis von HoloViews",
         color="#9999FF",
         target="_top",
         href="../bokeh/integration/holoviews/hvplot/index.html"]
     datashader [
         label="Datashader",
         tooltip="Grafik-Pipeline-System für\naussagekräftige Darstellungen\ngroßer Datensätze",
         color="#9999FF",
         target="_top",
         href="../bokeh/integration/datashader.html"]
     geoviews [
         label="GeoViews",
         tooltip="Analysieren und Visualisieren von\ngeographischen, meterologischen\nund ozeanischen Daten",
         color="#9999FF",
         target="_top",
         href="../bokeh/integration/holoviews/geoviews.html"]
     geoviews -- cartopy [color="#9999FF;0.5:#BF80FF"]
     geoviews -- holoviews [color="#9999FF"]
     geoviews -- geopandas [color="#9999FF;0.5:#BF80FF", style="dashed"]
     vaex -- bokeh [color="#9999FF"]
     holoviews -- bokeh [color="#9999FF"]
     holoviews -- hvplot [color="#9999FF"]
     hvplot -- pandas [color="#9999FF;0.5:#BF80FF"]
     hvplot -- geopandas [color="#9999FF;0.5:#BF80FF"]
     hvplot -- networkx [color="#9999FF;0.5:#BF80FF"]
     datashader -- bokeh [color="#9999FF"]
     networkx -- bokeh [color="#BF80FF;0.5:#9999FF"]
     datashader -- holoviews [color="#9999FF"]
     vaex -- mpl [color="#9999FF;0.5:#BF80FF"]
     vaex -- bqplot [color="#9999FF;0.5:#4da6ff"]
     vaex -- opengl [color="#9999FF;0.5:#FF66B3"]
     holoviews -- mpl [color="#9999FF;0.5:#BF80FF"]
     datashader -- mpl [color="#9999FF;0.5:#BF80FF"]

     // Vega
     vega [
         label="Vega",
         tooltip="Deklarative Sprache für\ninteraktive Visualisierungen",
         color="#00FF80",
         target="_top",
         href="../vega/index.html"]
     vega_light [
         label="Vega-Lite",
         tooltip="High-level-Grammatik für\nkomplexe Vega-Anwendungen",
         color="#00FF80",
         target="_top",
         href="https://github.com/vega/vega-lite"]
     pdvega [
         label="PdVega",
         tooltip="Interaktive Vega-Light-Plots\naus pandas Dataframes",
         color="#00FF80",
         target="_top",
         href="../vega/pdvega/index.html"]
     altair [
         label="Altair",
         tooltip="Deklarative Visualisierung\nin Python",
         color="#00FF80",
         target="_top",
         href="https://altair-viz.github.io/"]
     mpl_altair [
         label="Matplotlib Altair",
         tooltip="Matplotlib-Renderer\nfür Altair",
         color="#00FF80",
         target="_top",
         href="https://matplotlib.org/mpl-altair/"]
     vega -- vega_light [color="#00FF80"]
     vega_light -- altair [color="#00FF80"]
     vega_light -- pdvega [color="#00FF80"]
     pdvega -- pandas [color="#00FF80;0.5:#BF80FF"]
     altair -- mpl_altair [color="#00FF80"]

     // D3.js
     d3js [
         label="D3.js",
         tooltip="Javascript-Bibliothek mit mächtigen\nVisualisierungskomponenten",
         color="#4da6ff",
         target="_top",
         href="../d3js/index.html"]
     bqplot [
         label="bqplot",
         tooltip="Interaktive Plots\nmit D3.js und ipywidgets",
         color="#4da6ff",
         target="_top",
         href="../d3js/bqplot/index.html"]
     d3po [
         label="d3po",
         tooltip="Javascript-Bibliothekt zum\nErstellen von D3.js-Charts",
         color="#4da6ff",
         target="_top",
         href="https://github.com/adamlabadorf/d3po"]
     plotly [
         label="plotly",
         tooltip="Interaktive Graphikbibliothek\nfür Python",
         color="#4da6ff",
         target="_top",
         href="https://github.com/plotly/plotly.py"]
     d3js -- bqplot [color="#4da6ff"]
     d3js -- plotly [color="#4da6ff"]
     d3js -- d3po [color="#4da6ff"]
     d3js -- vega [color="#4da6ff;0.5:#00FF80"]
     d3js -- javascript [color="#4da6ff;0.5:#00FFFF"]

     // Javascript
     javascript [
         label="Javascript",
         tooltip="Skriptsprache, die ursprünglich für\ndynamisches HTML in Webbrowsern\nentwickelt wurde",
         color="#00FFFF",
         target="_top",
         href="../js/index.html"]
     pythreejs [
         label="pythreejs",
         tooltip="Notebook-Extension\nfür WebGL-fähige Webbrowser",
         color="#00FFFF",
         target="_top",
         href="../js/pythreejs.html"]
     ipyvolume [
         label="IPyvolume",
         tooltip="Python-Bibliothek zur\nVisualisierung von\nVolumen und -Glyphen",
         color="#00FFFF",
         target="_top",
         href="../js/ipyvolume.html"]
     toyplot [
         label="Toyplot",
         tooltip="Leichtgewichtige Bibliothek\nfür ästhetische Plots",
         color="#00FFFF",
         target="_top",
         href="https://toyplot.readthedocs.io/"]
     ipyleaflet [
         label="ipyleaflet",
         tooltip="Interaktive Karten für\nJupyter Notebooks",
         color="#00FFFF",
         target="_top",
         href="../js/ipyleaflet.html"]
     xarray_leaflet [
         label="xarray-leaflet",
         tooltip="xarray extension für Kartendarstellungen",
         color="#00FFFF",
         target="_top",
         href="../js/xarray-leaflet.html"]
     ipympl [
         label="ipympl",
         tooltip="Matplotlib\nJupyter Extension",
         color="#00FFFF",
         target="_top",
         href="https://jupyter-tutorial.readthedocs.io/de/latest/ipywidgets/libs/ipympl.html"]
     javascript -- ipyvolume [color="#00FFFF"]
     javascript -- ipyleaflet [color="#00FFFF"]
     ipyleaflet -- xarray_leaflet [color="#00FFFF"]
     javascript -- ipympl [color="#00FFFF"]
     javascript -- toyplot [color="#00FFFF"]
     javascript -- bokeh [color="#00FFFF;0.5:#9999FF"]
     javascript -- pythreejs [color="#00FFFF"]
 }


Im Folgenden findet ihr tabellarische Übersichten über die verschiedenen
Python-Bibliotheken zur Datenvisualisierung, ihre Aktivitäten und Lizenzen, so
dass ihr einen ersten Anhaltspunkt erhalten könnt, ob die Bibliotheken euren
Anforderungen entspricht.


Siehe auch

Lizenzieren [https://python4data.science/de/latest/productive/licensing.html]





Zentrale Bibliotheken


GitHub-Insights: Zentrale Bibliotheken

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Matplotlib [https://github.com/matplotlib/matplotlib]

	[image: _images/matplotlib.png]

	[image: _images/matplotlib1.png]

	[image: _images/matplotlib2.png]

	[image: _images/matplotlib3.png]



	bokeh [https://github.com/bokeh/bokeh]

	[image: _images/bokeh.png]

	[image: _images/bokeh1.png]

	[image: _images/bokeh2.png]

	[image: _images/bokeh3.png]



	plotly [https://github.com/plotly/plotly.py]

	[image: _images/plotly.py]

	[image: _images/plotly1.py]

	[image: _images/plotly2.py]

	[image: _images/plotly3.py]








pandas .plot()-API


GitHub-Insights: pandas .plot()-API

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	pandas [https://github.com/pandas-dev/pandas]

	[image: _images/pandas.png]

	[image: _images/pandas1.png]

	[image: _images/pandas2.png]

	[image: _images/pandas3.png]



	xarray [https://github.com/pydata/xarray]

	[image: _images/xarray.png]

	[image: _images/xarray1.png]

	[image: _images/xarray2.png]

	[image: _images/xarray3.png]



	Pandas-Bokeh [https://github.com/PatrikHlobil/Pandas-Bokeh]

	[image: _images/Pandas-Bokeh.png]

	[image: _images/Pandas-Bokeh1.png]

	[image: _images/Pandas-Bokeh2.png]

	[image: _images/Pandas-Bokeh3.png]



	hvplot [https://github.com/holoviz/hvplot]

	[image: _images/hvplot.png]

	[image: _images/hvplot1.png]

	[image: _images/hvplot2.png]

	[image: _images/hvplot3.png]








Weitere High-Level-APIs


GitHub-Insights: Weitere High-Level-APIs

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	seaborn [https://github.com/mwaskom/seaborn]

	[image: _images/seaborn.png]

	[image: _images/seaborn1.png]

	[image: _images/seaborn2.png]

	[image: _images/seaborn3.png]



	altair [https://github.com/altair-viz/altair]

	[image: _images/altair.png]

	[image: _images/altair1.png]

	[image: _images/altair2.png]

	[image: _images/altair3.png]



	perspective [https://github.com/finos/perspective]

	[image: _images/perspective.png]

	[image: _images/perspective1.png]

	[image: _images/perspective2.png]

	[image: _images/perspective3.png]



	plotnine [https://github.com/has2k1/plotnine]

	[image: _images/plotnine.png]

	[image: _images/plotnine1.png]

	[image: _images/plotnine2.png]

	[image: _images/plotnine3.png]



	bqplot [https://github.com/bqplot/bqplot]

	[image: _images/bqplot.png]

	[image: _images/bqplot1.png]

	[image: _images/bqplot2.png]

	[image: _images/bqplot3.png]



	chartify [https://github.com/spotify/chartify]

	[image: _images/chartify.png]

	[image: _images/chartify1.png]

	[image: _images/chartify2.png]

	[image: _images/chartify3.png]



	holoviews [https://github.com/holoviz/holoviews]

	[image: _images/holoviews.png]

	[image: _images/holoviews1.png]

	[image: _images/holoviews2.png]

	[image: _images/holoviews3.png]



	vega [https://github.com/vega/vega]

	[image: _images/vega.png]

	[image: _images/vega1.png]

	[image: _images/vega2.png]

	[image: _images/vega3.png]



	Vega-Lite [https://github.com/vega/vega-lite]

	[image: _images/vega-lite.png]

	[image: _images/vega-lite1.png]

	[image: _images/vega-lite2.png]

	[image: _images/vega-lite3.png]



	AutoViz [https://github.com/AutoViML/AutoViz]

	[image: _images/AutoViz.png]

	[image: _images/AutoViz1.png]

	[image: _images/AutoViz2.png]

	[image: _images/AutoViz3.png]



	Lets-Plot [https://github.com/JetBrains/lets-plot]

	[image: _images/lets-plot.png]

	[image: _images/lets-plot1.png]

	[image: _images/lets-plot2.png]

	[image: _images/lets-plot3.png]



	proplot [https://github.com/proplot-dev/proplot]

	[image: _images/proplot.png]

	[image: _images/proplot1.png]

	[image: _images/proplot2.png]

	[image: _images/proplot3.png]



	ipyvizzu [https://github.com/vizzuhq/ipyvizzu]

	[image: _images/ipyvizzu.png]

	[image: _images/ipyvizzu1.png]

	[image: _images/ipyvizzu2.png]

	[image: _images/ipyvizzu3.png]



	ipyvizzu-story [https://github.com/vizzuhq/ipyvizzu-story]

	[image: _images/ipyvizzu-story.png]

	[image: _images/ipyvizzu-story1.png]

	[image: _images/ipyvizzu-story2.png]

	[image: _images/ipyvizzu-story3.png]



	toyplot [https://github.com/sandialabs/toyplot]

	[image: _images/toyplot.png]

	[image: _images/toyplot1.png]

	[image: _images/toyplot2.png]

	[image: _images/toyplot3.png]



	quibbler [https://github.com/sandialabs/Technion-Kishony-lab/quibbler]

	[image: _images/quibbler.png]

	[image: _images/quibbler1.png]

	[image: _images/quibbler2.png]

	[image: _images/quibbler3.png]



	omniplot [https://github.com/sandialabs/koonimaru/omniplot]

	[image: _images/omniplot.png]

	[image: _images/omniplot1.png]

	[image: _images/omniplot2.png]

	[image: _images/omniplot3.png]








Rendern großer Datenmengen

Die Architektur und die zugrundeliegende Technologie für jede Bibliothek
bestimmen die unterstützten Datengrößen und somit, ob die Bibliothek für
mehrdimensionale Arrays, lange Zeitreihen oder andere große Datasets geeignet
ist:


OpenGL-basierte Bibliotheken

Sie können i.A. sehr große Datensätze (mehrere
Gigabyte) verarbeiten.


GitHub-Insights: OpenGL-basierte Bibliotheken

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	VisPy [https://github.com/vispy/vispy]

	[image: _images/vispy.png]

	[image: _images/vispy1.png]

	[image: _images/vispy2.png]

	[image: _images/vispy3.png]



	vedo [https://github.com/marcomusy/vedo]

	[image: _images/vedo.png]

	[image: _images/vedo1.png]

	[image: _images/vedo2.png]

	[image: _images/vedo3.png]



	Polyscope [https://github.com/nmwsharp/polyscope]

	[image: _images/polyscope.png]

	[image: _images/polyscope1.png]

	[image: _images/polyscope2.png]

	[image: _images/polyscope3.png]



	Mayavi [https://github.com/enthought/mayavi]

	[image: _images/mayavi.png]

	[image: _images/mayavi1.png]

	[image: _images/mayavi2.png]

	[image: _images/mayavi3.png]



	Glumpy [https://github.com/glumpy/glumpy]

	[image: _images/glumpy.png]

	[image: _images/glumpy1.png]

	[image: _images/glumpy2.png]

	[image: _images/glumpy3.png]



	itkwidgets [https://github.com/InsightSoftwareConsortium/itkwidgets]

	[image: _images/itkwidgets.png]

	[image: _images/itkwidgets1.png]

	[image: _images/itkwidgets2.png]

	[image: _images/itkwidgets3.png]








Matplotlib-basierte Bibliotheken

Sie können i.d.R. Hunderttausende von Punkten mit
angemessener Leistung verarbeiten oder in bestimmten Sonderfällen (z.B. abhängig vom Backend) mehr.


GitHub-Insights: Matplotlib-basierte Bibliotheken

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	mpl-scatter-density [https://github.com/astrofrog/mpl-scatter-density]

	[image: _images/mpl-scatter-density.png]

	[image: _images/mpl-scatter-density1.png]

	[image: _images/mpl-scatter-density2.png]

	[image: _images/mpl-scatter-density3.png]








Javascript-basierte Bibliotheken

Sie sind ohne besondere Behandlung beschränkt auf einige tausend bis
hunderttausend Punkte. ipywidgets [https://jupyter-tutorial.readthedocs.io/de/latest/ipywidgets/index.html],
Bokeh und Plotly [https://github.com/plotly/plotly.py] nutzen
statt JSON [https://python4data.science/de/latest/data-processing/serialisation-formats/json/index.html]
jedoch spezielle Transportmechanismen für Binärdaten, sodass sie hunderttausende
bis Millionen von Datenpunkten verarbeiten können. Andere Bibliotheken wie
ipyvolume, Plotly [https://github.com/plotly/plotly.py] und in
einigen Fällen Bokeh nutzen WebGL [https://www.khronos.org/webgl/wiki/Main_Page], sodass sie bis zu einer
Millionen Datenpunkte verarbeiten können.


GitHub-Insights: WebGL-basierte Bibliotheken

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Bokeh [https://github.com/bokeh/bokeh]

	[image: _images/bokeh.png]

	[image: _images/bokeh1.png]

	[image: _images/bokeh2.png]

	[image: _images/bokeh3.png]



	Plotly [https://github.com/plotly/plotly.py]

	[image: _images/plotly.py]

	[image: _images/plotly1.py]

	[image: _images/plotly2.py]

	[image: _images/plotly3.py]



	pythreejs [https://github.com/jupyter-widgets/pythreejs]

	[image: _images/pythreejs.png]

	[image: _images/pythreejs1.png]

	[image: _images/pythreejs2.png]

	[image: _images/pythreejs3.png]



	jupyter-scatter [https://github.com/flekschas/jupyter-scatter]

	[image: _images/jupyter-scatter.png]

	[image: _images/jupyter-scatter1.png]

	[image: _images/jupyter-scatter2.png]

	[image: _images/jupyter-scatter3.png]








Server-side Rendering

datashader oder Vaex [https://github.com/vaexio/vaex] ermöglichen Milliarden, Billionen oder mehr
Datenpunkte.


GitHub-Insights: Server-side Rendering

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	vaex [https://github.com/vaexio/vaex]

	[image: _images/vaex.png]

	[image: _images/vaex1.png]

	[image: _images/vaex2.png]

	[image: _images/vaex3.png]



	datashader [https://github.com/holoviz/datashader]

	[image: _images/datashader1.png]

	[image: _images/datashader2.png]

	[image: _images/datashader3.png]

	[image: _images/datashader4.png]









Weitere Bibliotheken


GitHub-Insights: Weitere Bibliotheken

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Facets [https://github.com/PAIR-code/facets]

	[image: _images/facets.png]

	[image: _images/facets1.png]

	[image: _images/facets2.png]

	[image: _images/facets3.png]



	scikit-image [https://github.com/scikit-image/scikit-image/]

	[image: _images/scikit-image.png]

	[image: _images/scikit-image1.png]

	[image: _images/scikit-image2.png]

	[image: _images/scikit-image3.png]



	Yellowbrick [https://github.com/DistrictDataLabs/yellowbrick/]

	[image: _images/yellowbrick.png]

	[image: _images/yellowbrick1.png]

	[image: _images/yellowbrick2.png]

	[image: _images/yellowbrick3.png]



	missingno [https://github.com/ResidentMario/missingno]

	[image: _images/missingno.png]

	[image: _images/missingno1.png]

	[image: _images/missingno2.png]

	[image: _images/missingno3.png]



	napari [https://github.com/napari/napari]

	[image: _images/napari.png]

	[image: _images/napari1.png]

	[image: _images/napari2.png]

	[image: _images/napari3.png]



	HyperTools [https://github.com/ContextLab/hypertools]

	[image: _images/hypertools.png]

	[image: _images/hypertools1.png]

	[image: _images/hypertools2.png]

	[image: _images/hypertools3.png]



	ipympl [https://github.com/matplotlib/ipympl]

	[image: _images/ipympl.png]

	[image: _images/ipympl1.png]

	[image: _images/ipympl2.png]

	[image: _images/ipympl3.png]



	ArviZ [https://github.com/arviz-devs/arviz]

	[image: _images/arviz.png]

	[image: _images/arviz1.png]

	[image: _images/arviz2.png]

	[image: _images/arviz3.png]



	MetPy [https://github.com/Unidata/MetPy]

	[image: _images/MetPy.png]

	[image: _images/MetPy1.png]

	[image: _images/MetPy2.png]

	[image: _images/MetPy3.png]



	iris [https://github.com/SciTools/iris]

	[image: _images/iris.png]

	[image: _images/iris1.png]

	[image: _images/iris2.png]

	[image: _images/iris3.png]



	yt [https://github.com/yt-project/yt]

	[image: _images/yt.png]

	[image: _images/yt1.png]

	[image: _images/yt2.png]

	[image: _images/yt3.png]








Farbkarten


GitHub-Insights: Farbkarten

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	palettable [https://github.com/jiffyclub/palettable]

	[image: _images/palettable.png]

	[image: _images/palettable1.png]

	[image: _images/palettable2.png]

	[image: _images/palettable3.png]



	colorcet [https://github.com/holoviz/colorcet]

	[image: _images/colorcet.png]

	[image: _images/colorcet1.png]

	[image: _images/colorcet2.png]

	[image: _images/colorcet3.png]



	CMasher [https://github.com/1313e/CMasher]

	[image: _images/CMasher.png]

	[image: _images/CMasher1.png]

	[image: _images/CMasher2.png]

	[image: _images/CMasher3.png]



	cmocean [https://github.com/matplotlib/cmocean]

	[image: _images/cmocean.png]

	[image: _images/cmocean1.png]

	[image: _images/cmocean2.png]

	[image: _images/cmocean3.png]



	distinctipy [https://github.com/alan-turing-institute/distinctipy]

	[image: _images/distinctipy.png]

	[image: _images/distinctipy1.png]

	[image: _images/distinctipy2.png]

	[image: _images/distinctipy3.png]



	viscm [https://github.com/matplotlib/viscm]

	[image: _images/viscm.png]

	[image: _images/viscm1.png]

	[image: _images/viscm2.png]

	[image: _images/viscm3.png]



	cmcrameri [https://github.com/callumrollo/cmcrameri]

	[image: _images/cmcrameri.png]

	[image: _images/cmcrameri1.png]

	[image: _images/cmcrameri2.png]

	[image: _images/cmcrameri3.png]








Diagrammtypen


Statistische Darstellungen

Streudiagramme, Linien, Flächen, Balken, Histogramme


GitHub-Insights: Statistische Darstellungen

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	seaborn [https://github.com/mwaskom/seaborn]

	[image: _images/seaborn.png]

	[image: _images/seaborn1.png]

	[image: _images/seaborn2.png]

	[image: _images/seaborn3.png]



	bqplot [https://github.com/bqplot/bqplot]

	[image: _images/bqplot.png]

	[image: _images/bqplot1.png]

	[image: _images/bqplot2.png]

	[image: _images/bqplot3.png]



	Matplotlib Altair [https://github.com/matplotlib/mpl-altair]

	[image: _images/mpl-altair.png]

	[image: _images/mpl-altair1.png]

	[image: _images/mpl-altair2.png]

	[image: _images/mpl-altair3.png]








Regelmäßige Gitter mit rechteckigen Maschen


GitHub-Insights: Regelmäßige Gitter mit rechteckigen Maschen

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Matplotlib [https://github.com/matplotlib/matplotlib]

	[image: _images/matplotlib.png]

	[image: _images/matplotlib1.png]

	[image: _images/matplotlib2.png]

	[image: _images/matplotlib3.png]



	bokeh [https://github.com/bokeh/bokeh]

	[image: _images/bokeh.png]

	[image: _images/bokeh1.png]

	[image: _images/bokeh2.png]

	[image: _images/bokeh3.png]



	Plotly [https://github.com/plotly/plotly.py]

	[image: _images/plotly.py]

	[image: _images/plotly1.py]

	[image: _images/plotly2.py]

	[image: _images/plotly3.py]



	datashader [https://github.com/holoviz/datashader]

	[image: _images/datashader1.png]

	[image: _images/datashader2.png]

	[image: _images/datashader3.png]

	[image: _images/datashader4.png]



	HoloViews [https://github.com/holoviz/holoviews]

	[image: _images/holoviews.png]

	[image: _images/holoviews1.png]

	[image: _images/holoviews2.png]

	[image: _images/holoviews3.png]








Unregelmäßige 2D-Netze (Dreiecksgitter)


GitHub-Insights: Unregelmäßige 2D-Netze (Dreiecksgitter)

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Matplotlib [https://github.com/matplotlib/matplotlib]

	[image: _images/matplotlib.png]

	[image: _images/matplotlib1.png]

	[image: _images/matplotlib2.png]

	[image: _images/matplotlib3.png]



	bokeh [https://github.com/bokeh/bokeh]

	[image: _images/bokeh.png]

	[image: _images/bokeh1.png]

	[image: _images/bokeh2.png]

	[image: _images/bokeh3.png]



	datashader [https://github.com/holoviz/datashader]

	[image: _images/datashader1.png]

	[image: _images/datashader2.png]

	[image: _images/datashader3.png]

	[image: _images/datashader4.png]



	HoloViews [https://github.com/holoviz/holoviews]

	[image: _images/holoviews.png]

	[image: _images/holoviews1.png]

	[image: _images/holoviews2.png]

	[image: _images/holoviews3.png]








Geographie


GitHub-Insights: Geographie

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Plotly [https://github.com/plotly/plotly.py]

	[image: _images/plotly.py]

	[image: _images/plotly1.py]

	[image: _images/plotly2.py]

	[image: _images/plotly3.py]



	prettymaps [https://github.com/marceloprates/prettymaps]

	[image: _images/prettymaps.png]

	[image: _images/prettymaps1.png]

	[image: _images/prettymaps2.png]

	[image: _images/prettymaps3.png]



	kepler.gl [https://github.com/keplergl/kepler.gl]

	[image: _images/kepler.gl]

	[image: _images/kepler1.gl]

	[image: _images/kepler2.gl]

	[image: _images/kepler3.gl]



	folium [https://github.com/python-visualization/folium]

	[image: _images/folium.png]

	[image: _images/folium1.png]

	[image: _images/folium2.png]

	[image: _images/folium3.png]



	OSMnx [https://github.com/gboeing/osmnx]

	[image: _images/osmnx.png]

	[image: _images/osmnx1.png]

	[image: _images/osmnx2.png]

	[image: _images/osmnx3.png]



	geopandas [https://github.com/geopandas/geopandas]

	[image: _images/geopandas.png]

	[image: _images/geopandas1.png]

	[image: _images/geopandas2.png]

	[image: _images/geopandas3.png]



	datashader [https://github.com/holoviz/datashader]

	[image: _images/datashader1.png]

	[image: _images/datashader2.png]

	[image: _images/datashader3.png]

	[image: _images/datashader4.png]



	geemap [https://github.com/gee-community/geemap]

	[image: _images/geemap.png]

	[image: _images/geemap1.png]

	[image: _images/geemap2.png]

	[image: _images/geemap3.png]



	leafmap [https://github.com/opengeos/leafmap]

	[image: _images/leafmap.png]

	[image: _images/leafmap1.png]

	[image: _images/leafmap2.png]

	[image: _images/leafmap3.png]



	ipyleaflet [https://github.com/jupyter-widgets/ipyleaflet]

	[image: _images/ipyleaflet.png]

	[image: _images/ipyleaflet1.png]

	[image: _images/ipyleaflet2.png]

	[image: _images/ipyleaflet3.png]



	cartopy [https://github.com/SciTools/cartopy]

	[image: _images/cartopy.png]

	[image: _images/cartopy1.png]

	[image: _images/cartopy2.png]

	[image: _images/cartopy3.png]



	geoplot [https://github.com/ResidentMario/geoplot/]

	[image: _images/geoplot.png]

	[image: _images/geoplot1.png]

	[image: _images/geoplot2.png]

	[image: _images/geoplot3.png]



	PyGMT [https://github.com/GenericMappingTools/pygmt]

	[image: _images/pygmt.png]

	[image: _images/pygmt1.png]

	[image: _images/pygmt2.png]

	[image: _images/pygmt3.png]



	GeoViews [https://github.com/holoviz/geoviews]

	[image: _images/geoviews.png]

	[image: _images/geoviews1.png]

	[image: _images/geoviews2.png]

	[image: _images/geoviews3.png]



	Pyrosm [https://github.com/HTenkanen/pyrosm]

	[image: _images/pyrosm.png]

	[image: _images/pyrosm1.png]

	[image: _images/pyrosm2.png]

	[image: _images/pyrosm3.png]



	EOmaps [https://github.com/raphaelquast/eomaps]

	[image: _images/eomaps.png]

	[image: _images/eomaps1.png]

	[image: _images/eomaps2.png]

	[image: _images/eomaps3.png]



	mapwidget [https://github.com/opengeos/mapwidget]

	[image: _images/mapwidget.png]

	[image: _images/mapwidget1.png]

	[image: _images/mapwidget2.png]

	[image: _images/mapwidget3.png]



	splot [https://github.com/pysal/splot]

	[image: _images/splot.png]

	[image: _images/splot1.png]

	[image: _images/splot2.png]

	[image: _images/splot3.png]



	Gspatial Plot [https://github.com/ambeelabs/gspatial_plot]

	[image: _images/gspatial_plot.png]

	[image: _images/gspatial_plot1.png]

	[image: _images/gspatial_plot2.png]

	[image: _images/gspatial_plot3.png]



	xarray-leaflet [https://github.com/davidbrochart/xarray_leaflet]

	[image: _images/xarray_leaflet.png]

	[image: _images/xarray_leaflet1.png]

	[image: _images/xarray_leaflet2.png]

	[image: _images/xarray_leaflet3.png]








Graphen und Netzwerke


GitHub-Insights: Graphen und Netzwerke

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Plotly [https://github.com/plotly/plotly.py]

	[image: _images/plotly.py]

	[image: _images/plotly1.py]

	[image: _images/plotly2.py]

	[image: _images/plotly3.py]



	networkx [https://github.com/networkx/networkx]

	[image: _images/networkx.png]

	[image: _images/networkx1.png]

	[image: _images/networkx2.png]

	[image: _images/networkx3.png]



	datashader [https://github.com/holoviz/datashader]

	[image: _images/datashader1.png]

	[image: _images/datashader2.png]

	[image: _images/datashader3.png]

	[image: _images/datashader4.png]



	HoloViews [https://github.com/holoviz/holoviews]

	[image: _images/holoviews.png]

	[image: _images/holoviews1.png]

	[image: _images/holoviews2.png]

	[image: _images/holoviews3.png]



	graphviz [https://github.com/xflr6/graphviz]

	[image: _images/graphviz.png]

	[image: _images/graphviz1.png]

	[image: _images/graphviz2.png]

	[image: _images/graphviz3.png]



	python-igraph [https://github.com/igraph/python-igraph]

	[image: _images/python-igraph.png]

	[image: _images/python-igraph1.png]

	[image: _images/python-igraph2.png]

	[image: _images/python-igraph3.png]



	Pandas-Bokeh [https://github.com/PatrikHlobil/Pandas-Bokeh]

	[image: _images/Pandas-Bokeh.png]

	[image: _images/Pandas-Bokeh1.png]

	[image: _images/Pandas-Bokeh2.png]

	[image: _images/Pandas-Bokeh3.png]



	pyvis [https://github.com/WestHealth/pyvis]

	[image: _images/pyvis.png]

	[image: _images/pyvis1.png]

	[image: _images/pyvis2.png]

	[image: _images/pyvis3.png]



	pydot [https://github.com/pydot/pydot]

	[image: _images/pydot.png]

	[image: _images/pydot1.png]

	[image: _images/pydot2.png]

	[image: _images/pydot3.png]



	PyGraphviz [https://github.com/pygraphviz/pygraphviz]

	[image: _images/pygraphviz.png]

	[image: _images/pygraphviz1.png]

	[image: _images/pygraphviz2.png]

	[image: _images/pygraphviz3.png]



	nxviz [https://github.com/ericmjl/nxviz]

	[image: _images/nxviz.png]

	[image: _images/nxviz1.png]

	[image: _images/nxviz2.png]

	[image: _images/nxviz3.png]



	py4cytoscape [https://github.com/cytoscape/py4cytoscape]

	[image: _images/py4cytoscape.png]

	[image: _images/py4cytoscape1.png]

	[image: _images/py4cytoscape2.png]

	[image: _images/py4cytoscape3.png]



	ipycytoscape [https://github.com/cytoscape/ipycytoscape]

	[image: _images/ipycytoscape.png]

	[image: _images/ipycytoscape1.png]

	[image: _images/ipycytoscape2.png]

	[image: _images/ipycytoscape3.png]



	Py3Plex [https://github.com/SkBlaz/Py3Plex]

	[image: _images/Py3Plex.png]

	[image: _images/Py3Plex1.png]

	[image: _images/Py3Plex2.png]

	[image: _images/Py3Plex3.png]



	ipysigma [https://github.com/medialab/ipysigma]

	[image: _images/ipysigma.png]

	[image: _images/ipysigma1.png]

	[image: _images/ipysigma2.png]

	[image: _images/ipysigma3.png]



	ipydagred3 [https://github.com/timkpaine/ipydagred3]

	[image: _images/ipydagred3.png]

	[image: _images/ipydagred31.png]

	[image: _images/ipydagred32.png]

	[image: _images/ipydagred33.png]








3D-Darstellungen (Netze, Streudiagramme)


GitHub-Insights: 3D-Darstellungen (Netze, Streudiagramme)

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	Matplotlib [https://github.com/matplotlib/matplotlib]

	[image: _images/matplotlib.png]

	[image: _images/matplotlib1.png]

	[image: _images/matplotlib2.png]

	[image: _images/matplotlib3.png]



	Plotly [https://github.com/plotly/plotly.py]

	[image: _images/plotly.py]

	[image: _images/plotly1.py]

	[image: _images/plotly2.py]

	[image: _images/plotly3.py]



	HoloViews [https://github.com/holoviz/holoviews]

	[image: _images/holoviews.png]

	[image: _images/holoviews1.png]

	[image: _images/holoviews2.png]

	[image: _images/holoviews3.png]



	ipyvolume [https://github.com/widgetti/ipyvolume]

	[image: _images/ipyvolume.png]

	[image: _images/ipyvolume1.png]

	[image: _images/ipyvolume2.png]

	[image: _images/ipyvolume3.png]



	pythreejs [https://github.com/jupyter-widgets/pythreejs]

	[image: _images/pythreejs.png]

	[image: _images/pythreejs1.png]

	[image: _images/pythreejs2.png]

	[image: _images/pythreejs3.png]



	mpl-scatter-density [https://github.com/astrofrog/mpl-scatter-density]

	[image: _images/mpl-scatter-density.png]

	[image: _images/mpl-scatter-density1.png]

	[image: _images/mpl-scatter-density2.png]

	[image: _images/mpl-scatter-density3.png]









Ruhende Projekte


GitHub-Insights: Ruhende Projekte (Stand: 18.12.2023)

	Name

	Stars

	Mitwirkende

	Commit-Aktivität

	Lizenz





	graph-tool [https://github.com/antmd/graph-tool]

	[image: _images/graph-tool.png]

	[image: _images/graph-tool1.png]

	[image: _images/graph-tool2.png]

	[image: _images/graph-tool3.png]



	ggpy [https://github.com/yhat/ggpy]

	[image: _images/ggpy.png]

	[image: _images/ggpy1.png]

	[image: _images/ggpy2.png]

	[image: _images/ggpy3.png]



	cufflinks [https://github.com/santosjorge/cufflinks]

	[image: _images/cufflinks.png]

	[image: _images/cufflinks1.png]

	[image: _images/cufflinks2.png]

	[image: _images/cufflinks3.png]



	scikit-plot [https://github.com/reiinakano/scikit-plot]

	[image: _images/scikit-plot.png]

	[image: _images/scikit-plot1.png]

	[image: _images/scikit-plot2.png]

	[image: _images/scikit-plot3.png]



	mpld3 [https://github.com/mpld3/mpld3]

	[image: _images/mpld3.png]

	[image: _images/mpld31.png]

	[image: _images/mpld32.png]

	[image: _images/mpld33.png]



	vincent [https://github.com/wrobstory/vincent]

	[image: _images/vincent.png]

	[image: _images/vincent1.png]

	[image: _images/vincent2.png]

	[image: _images/vincent3.png]



	geoplotlib [https://github.com/andrea-cuttone/geoplotlib/]

	[image: _images/geoplotlib.png]

	[image: _images/geoplotlib1.png]

	[image: _images/geoplotlib2.png]

	[image: _images/geoplotlib3.png]



	gmplot [https://github.com/gmplot/gmplot]

	[image: _images/gmplot.png]

	[image: _images/gmplot1.png]

	[image: _images/gmplot2.png]

	[image: _images/gmplot3.png]



	plotly_express [https://github.com/plotly/plotly_express]

	[image: _images/plotly_express.png]

	[image: _images/plotly_express1.png]

	[image: _images/plotly_express2.png]

	[image: _images/plotly_express3.png]



	PyGSP [https://github.com/epfl-lts2/pygsp]

	[image: _images/pygsp.png]

	[image: _images/pygsp1.png]

	[image: _images/pygsp2.png]

	[image: _images/pygsp3.png]



	PdVega [https://github.com/altair-viz/pdvega]

	[image: _images/pdvega.png]

	[image: _images/pdvega1.png]

	[image: _images/pdvega2.png]

	[image: _images/pdvega3.png]



	Clustergrammer2 [https://github.com/ismms-himc/clustergrammer2]

	[image: _images/clustergrammer2.png]

	[image: _images/clustergrammer21.png]

	[image: _images/clustergrammer22.png]

	[image: _images/clustergrammer23.png]



	chart [https://github.com/maxhumber/chart]

	[image: _images/chart.png]

	[image: _images/chart1.png]

	[image: _images/chart2.png]

	[image: _images/chart3.png]



	xtrude [https://github.com/davidbrochart/xtrude]

	[image: _images/xtrude.png]

	[image: _images/xtrude1.png]

	[image: _images/xtrude2.png]

	[image: _images/xtrude3.png]



	Matplotlib Altair [https://github.com/matplotlib/mpl-altair]

	[image: _images/mpl-altair.png]

	[image: _images/mpl-altair1.png]

	[image: _images/mpl-altair2.png]

	[image: _images/mpl-altair3.png]



	d3po [https://github.com/adamlabadorf/d3po]

	[image: _images/d3po.png]

	[image: _images/d3po1.png]

	[image: _images/d3po2.png]

	[image: _images/d3po3.png]










            

          

      

      

    

  

    
      
          
            
  
Matplotlib

Matplotlib [https://matplotlib.org/] ist eine 2D-Plot-Bibliothek, die in
Python-Skripten, iPython-Shells und Jupyter-Notebooks verwendet werden kann.
Mit ihr lassen sich Daten als Diagramme, Histogramme, Leistungsspektren,
Balkendiagramme, Streudiagramme etc. visualisieren. Einen Überblick erhaltet ihr
in Gallery [https://matplotlib.org/stable/gallery/index.html]. Es ist eine
Low-Level-Bibliothek mit einem Matlab ähnlichen Schnittstelle, die zwar
einerseits viele Freiheiten bietet, andererseits jedoch viel Code erfordert.



	Pros

	Cons





	Ähnliches Design wie Matlab; der
Wechsel ist einfach

	Imperative API und häufig sind sehr
ausführliche Angaben nötig



	Viele Rendering-Backends, siehe
Matplotlib-Backends

	Häufig ungenügende Standarddarstellung







Siehe auch


	Pyplot function overview [https://matplotlib.org/api/pyplot_summary.html]


	User’s Guide [https://matplotlib.org/users/index.html]


	Toolkits [https://matplotlib.org/api/toolkits/index.html]


	Third party packages [https://matplotlib.org/thirdpartypackages/index.html]


	Nicolas P. Rougier: Scientific Visualization – Python & Matplotlib [https://github.com/rougier/scientific-visualization-book]


	Nicolas P. Rougier: Matplotlib cheat sheet [https://github.com/rougier/matplotlib-cheatsheet]


	Learning matplotlib [https://riptutorial.com/ebook/matplotlib]


	SciTools courses: An introduction to matplotlib [https://github.com/scitools-classroom/courses/blob/master/course_content/extra_courses/matplotlib_intro.ipynb]












            

          

      

      

    

  

    
      
          
            
  
Matplotlib-Installation

Mit Spack [https://python4data.science/de/latest/productive/envs/spack/index.html] könnt ihr Matplotlib
in eurem Kernel bereitstellen, z.B. mit:

$ spack env activate python-311
$ spack install py-matplotlib





Alternativ könnt ihr Matplotlib auch mit anderen Paketmanagern installieren,
z.B. mit Pipenv [https://python4data.science/de/latest/productive/envs/pipenv/index.html]:

$ pipenv install matplotlib





Die Installation könnt ihr dann überprüfen mit:

>>> import matplotlib.pyplot as plt






Bemerkung

Wenn ihr den Fehler TclError: no display name and no $DISPLAY
environment variable erhaltet, müsst ihr vermutlich das iPython-Backend
für Matplotlib verwenden mit

import matplotlib.pyplot as plt

# iPython backend for matplotlib
%matplotlib inline





Sofern Ihr Matplotlib in einer Python-Datei importiert, müsst ihr
stattdessen folgendes einfügen:

import matplotlib.pyplot as plt


# iPython backend for matplotlib
get_ipython().run_line_magic("matplotlib", "inline")










            

          

      

      

    

  

    
      
          
            
  
Matplotlib-Backends

Matplotlib stellt viele verschiedene Rendering-Backends zur Verfügung:


[1]:





from matplotlib import rcsetup


rcsetup.all_backends








[1]:







['GTK3Agg',
 'GTK3Cairo',
 'GTK4Agg',
 'GTK4Cairo',
 'MacOSX',
 'nbAgg',
 'QtAgg',
 'QtCairo',
 'Qt5Agg',
 'Qt5Cairo',
 'TkAgg',
 'TkCairo',
 'WebAgg',
 'WX',
 'WXAgg',
 'WXCairo',
 'agg',
 'cairo',
 'pdf',
 'pgf',
 'ps',
 'svg',
 'template']






Alternativ können auch nur die interaktiven oder nicht-interaktiven Backends aufgelistet werden:


[2]:





rcsetup.interactive_bk








[2]:







['GTK3Agg',
 'GTK3Cairo',
 'GTK4Agg',
 'GTK4Cairo',
 'MacOSX',
 'nbAgg',
 'QtAgg',
 'QtCairo',
 'Qt5Agg',
 'Qt5Cairo',
 'TkAgg',
 'TkCairo',
 'WebAgg',
 'WX',
 'WXAgg',
 'WXCairo']







[3]:





rcsetup.non_interactive_bk








[3]:







['agg', 'cairo', 'pdf', 'pgf', 'ps', 'svg', 'template']










            

          

      

      

    

  

    
      
          
            
  
Matplotlib-Beispiel

Matplotlib stellt Daten in Figuren (Figures) dar, d.h. in Fenstern, Jupyter-Widgets usw., von denen jede eine oder mehre Achsen (Axes) enthalten kann. Die einfachste Möglichkeit, eine Figur mit Achsen zu erstellen, ist die Verwendung von pyplot.subplots um dann mit Axes.plot einige Daten anzugeben.


	Import





[1]:





import matplotlib.pyplot as plt








	Figur mit Achsen erstellen





[2]:





fig, ax = plt.subplots()












[image: ../_images/matplotlib_mpl-example_5_0.png]





	Einige Daten auf den Achsen zeichnen





[3]:





fig, ax = plt.subplots()
ax.plot([1, 2, 3, 4], [1, 4, 2, 3])








[3]:







[<matplotlib.lines.Line2D at 0x11b315350>]











[image: ../_images/matplotlib_mpl-example_7_1.png]








            

          

      

      

    

  

    
      
          
            
  
mpl-scatter-density

mpl-scatter-density [https://github.com/astrofrog/mpl-scatter-density] erleichtert das Erstellen interaktiver Streudichtekarten aus großen Datenmengen.


Installation

$ pipenv install mpl-scatter-density





Damit werden automatisch auch die Abhängigkeiten Numpy [https://numpy.org/], Matplotlib und fast-histogram [https://github.com/astrofrog/fast-histogram] installiert.



Verwendungszweck


	Importe





[1]:





import matplotlib.pyplot as plt
import mpl_scatter_density
import numpy as np








	Beispieldaten generieren





[2]:





N = 10000000
x = np.random.normal(4, 2, N)
y = np.random.normal(3, 1, N)








	Es gibt im Wesentlichen zwei Verwendungszwecke für mpl-scatter-density:


	projection='scatter_density'


	ScatterDensityArtist









	
	projection='scatter_density'









[3]:





fig = plt.figure()
ax = fig.add_subplot(1, 1, 1, projection="scatter_density")
ax.scatter_density(x, y)
ax.set_xlim(-5, 10)
ax.set_ylim(-5, 10)
fig.savefig("gaussian.png")













/Users/veit/.local/share/virtualenvs/python-311-6zxVKbDJ/lib/python3.11/site-packages/mpl_scatter_density/generic_density_artist.py:77: RuntimeWarning: All-NaN slice encountered
  vmin = self._density_vmin(array)
/Users/veit/.local/share/virtualenvs/python-311-6zxVKbDJ/lib/python3.11/site-packages/mpl_scatter_density/generic_density_artist.py:82: RuntimeWarning: All-NaN slice encountered
  vmax = self._density_vmax(array)











[image: ../_images/matplotlib_mpl-scatter-density_9_1.png]





	
	ScatterDensityArtist








Auch im vorhergehenden Beispiel wird ScatterDensityArtist verwendet, ohne es jedoch direkt anzugeben. Im folgenden Beispiel fügen wir es explizit den Achsen hinzu:


[4]:





from mpl_scatter_density import ScatterDensityArtist


a = ScatterDensityArtist(ax, x, y)
ax.add_artist(a)








[4]:







<mpl_scatter_density.scatter_density_artist.ScatterDensityArtist at 0x10bc0f150>










            

          

      

      

    

  

    
      
          
            
  
pandas

pandas-Visualization [https://pandas.pydata.org/pandas-docs/stable/user_guide/visualization.html#visualization]
baut auf Matplotlib auf, bietet jedoch eine einfachere API zum
Plotten von pandas-Dataframes und -Series.


Siehe auch


	pandas Plotting [https://pandas.pydata.org/pandas-docs/stable/reference/plotting.html]












            

          

      

      

    

  

    
      
          
            
  
pandas-Installation

Mit Spack [https://python4data.science/de/latest/productive/envs/spack/index.html] könnt ihr pandas in
eurem Kernel bereitstellen, z.B. mit:

$ spack env activate python-311
$ spack install py-pandas





Alternativ könnt ihr pandas auch mit anderen Paketmanagern installieren,
z.B. mit Pipenv [https://python4data.science/de/latest/productive/envs/pipenv/index.html].


Bemerkung

Falls ihr pipenv noch nicht installiert habt, findet ihr eine Anleitung
hierzu unter Pipenv-Installation [https://python4data.science/de/latest/productive/envs/pipenv/install.html].



$ pipenv install pandas





Die Installation könnt Ihr dann überprüfen mit:

>>> import pandas as pd








            

          

      

      

    

  

    
      
          
            
  
Pandas-Beispiele


Importe


[1]:





import numpy as np
import pandas as pd









Scatter matrix

Mit pandas.plotting.scatter_matrix [https://pandas.pydata.org/docs/reference/api/pandas.plotting.scatter_matrix.html] lässt sich eine Streumatrix (Scatter-Matrix [https://en.wikipedia.org/wiki/Scatter_matrix] erstellen, z.B.:


[2]:





df = pd.DataFrame(np.random.randn(1000, 4), columns=["A", "B", "C", "D"])
pd.plotting.scatter_matrix(df, alpha=0.2)








[2]:







array([[<Axes: xlabel='A', ylabel='A'>, <Axes: xlabel='B', ylabel='A'>,
        <Axes: xlabel='C', ylabel='A'>, <Axes: xlabel='D', ylabel='A'>],
       [<Axes: xlabel='A', ylabel='B'>, <Axes: xlabel='B', ylabel='B'>,
        <Axes: xlabel='C', ylabel='B'>, <Axes: xlabel='D', ylabel='B'>],
       [<Axes: xlabel='A', ylabel='C'>, <Axes: xlabel='B', ylabel='C'>,
        <Axes: xlabel='C', ylabel='C'>, <Axes: xlabel='D', ylabel='C'>],
       [<Axes: xlabel='A', ylabel='D'>, <Axes: xlabel='B', ylabel='D'>,
        <Axes: xlabel='C', ylabel='D'>, <Axes: xlabel='D', ylabel='D'>]],
      dtype=object)











[image: ../../_images/matplotlib_pandas_example_4_1.png]




numpy.random.randn [https://numpy.org/doc/stable/reference/random/generated/numpy.random.randn.html] gibt eine Stichprobe (oder mehrere Stichproben) mit Standardnormalverteilung zurück. Die Parameter (d0, d1, …, dn) sind optionale Ganzzahlen, die die Dimensionen des zurückgegebenen Arrays bestimmen.



Andrews plot

In den letzten Jahren kamen weitere ausgefeilte statistische Visualisierungswerkzeuge hinzu, unter anderem Andrews plot [https://en.wikipedia.org/wiki/Andrews_plot] für die Visualisierung mehrdimensionaler Daten:


[3]:





df = pd.read_csv(
    "https://raw.githubusercontent.com/pandas-dev/pandas/master/pandas/tests/io/data/csv/iris.csv"
)
pd.plotting.andrews_curves(df, "Name")








[3]:







<Axes: >











[image: ../../_images/matplotlib_pandas_example_7_1.png]









            

          

      

      

    

  

    
      
          
            
  
GeoPandas

GeoPandas [https://geopandas.org/en/stable/] erweitert pandas
um Datentypen, die räumliche Operationen an geometrischen Typen ermöglicht,
wobei die geometrischen Operationen von Shapely [https://shapely.readthedocs.io/en/stable/] ausgeführt werden. Für den
Datenzugriff verwendet GeoPandas Fiona [https://fiona.readthedocs.io/en/stable/] und zum Plotten descartes [https://pypi.org/project/descartes/] und Matplotlib.


Siehe auch


	Docs [https://geopandas.org/en/stable/]


	Gallery [https://geopandas.org/en/stable/gallery/index.html]


	GeoPandas Introduction [https://geohackweek.github.io/vector/04-geopandas-intro/]


	dask-geopandas [https://github.com/geopandas/dask-geopandas]


	MovingPandas [https://movingpandas.org/index]












            

          

      

      

    

  

    
      
          
            
  
GeoPandas-Installation

Mit Spack [https://python4data.science/de/latest/productive/envs/spack/index.html] könnt ihr GeoPandas in
eurem Kernel bereitstellen, z.B. mit:

$ spack env activate python-311
$ spack install py-geopandas





Alternativ könnt ihr GeoPandas auch mit anderen Paketmanagern installieren,
z.B. mit
Pipenv [https://python4data.science/de/latest/productive/envs/pipenv/index.html]:

$ pipenv install fiona matplotlib descartes geopandas






Bemerkung

Falls ihr pipenv noch nicht installiert habt, findet ihr eine Anleitung
hierzu unter Pipenv-Installation [https://python4data.science/de/latest/productive/envs/pipenv/install.html].



Die Installation könnt ihr dann überprüfen mit:

>>> import geopandas as gpd








            

          

      

      

    

  

    
      
          
            
  
GeoPandas-Beispiele

In den folgenden Beispielen verwenden wir den nybb [https://data.cityofnewyork.us/dataset/nybb/7t3b-ywvw]-Datensatz.


GeoPandas-Plot


	Import





[1]:





import geopandas as gpd

from geodatasets import get_path








	Daten lesen





[2]:





nybb = get_path("nybb")








[3]:





df = gpd.read_file(nybb)








	Anzeigen der ersten Zeilen





[4]:





df.head()








[4]:








  
    
    












    seaborn
    

    

    

    

    
 
  

    
      
          
            
  
seaborn

Ähnlich wie pandas basiert seaborn [https://seaborn.pydata.org/] auf Matplotlib und bietet ein
High-Level-API für die Visualisierung statistischer Daten. Zudem bietet seaborn
schöne Farbpaletten und Diagrammstile.


Siehe auch


	Tutorial [https://seaborn.pydata.org/tutorial.html]


	Example Gallery [https://seaborn.pydata.org/examples/index.html]


	Three common seaborn difficulties [https://michaelwaskom.medium.com/three-common-seaborn-difficulties-10fdd0cc2a8b]












            

          

      

      

    

  

  
    
    












    seaborn-Installation
    

    

    

    

    
 
  

    
      
          
            
  
seaborn-Installation

Mit Spack [https://python4data.science/de/latest/productive/envs/spack/index.html] könnt ihr seaborn in
eurem Kernel bereitstellen, z.B. mit:

$ spack env activate python-311
$ spack install py-seaborn





Alternativ könnt ihr seaborn auch mit anderen Paketmanagern installieren,
z.B. mit Pipenv [https://python4data.science/de/latest/productive/envs/pipenv/index.html].


Bemerkung

Falls ihr pipenv noch nicht installiert habt, findet ihr eine Anleitung
hierzu unter Pipenv-Installation [https://python4data.science/de/latest/productive/envs/pipenv/index.html].



$ pipenv install seaborn





Die Installation könnt ihr überprüfen mit

>>> import seaborn as sns








            

          

      

      

    

  

  
    
    












    seaborn-Beispiel
    

    

    

    

    

    
 
  

    
      
          
            
  
seaborn-Beispiel


	Importe





[1]:





import matplotlib.pyplot as plt
import numpy as np
import seaborn as sns








	Stil definieren

seaborn.set [https://seaborn.pydata.org/generated/seaborn.set.html] ist ein Alias für seaborn.set_theme [https://seaborn.pydata.org/generated/seaborn.set_theme.html#seaborn.set_theme], mit dem sich unterschiedliche Stile, Paletten,Schriften und Farben definieren lassen, z.B.:






[2]:





sns.set(style="white", color_codes=True)








	Erzeugen eines bivariaten Zufallsdatensatzes

Hierfür verwenden wir numpy.random.RandomState.multivariate_normal [https://numpy.org/doc/stable/reference/random/generated/numpy.random.RandomState.multivariate_normal.html] aus numpy.random.RandomState [https://numpy.org/doc/stable/reference/random/legacy.html?highlight=randomstate#numpy.random.RandomState], wobei ein Seed von 9, 0 als Mittelwerte und 100 Proben eine nicht ganz symmetrische Kovarianzmatrix ergeben:






[3]:





rs = np.random.RandomState(9)
mean = [0, 0]
cov = [(1, 0), (0, 2)]
x, y = rs.multivariate_normal(mean, cov, 100).T








	JointGrid für bivariate Plots

Mit seaborn.JointGrid [https://seaborn.pydata.org/generated/seaborn.JointGrid.html] lassen sich bivariate Plots erzeugen. Wenn beide Funktionen unterschiedliche Schlüsselwortargumente übergeben, muss JointGrid.plot_joint() [https://seaborn.pydata.org/generated/seaborn.JointGrid.plot_joint.html#seaborn.JointGrid.plot_joint] und JointGrid.plot_marginals() [https://seaborn.pydata.org/generated/seaborn.JointGrid.plot_marginals.html#seaborn.JointGrid.plot_marginals] verwendet werden:






[4]:





grid = sns.JointGrid(x=x, y=y, space=0, height=6, ratio=10)
grid.plot_joint(plt.scatter, color="g")
grid.plot_marginals(sns.rugplot, height=0.2, color="g")








[4]:







<seaborn.axisgrid.JointGrid at 0x154b964d0>











[image: ../../_images/matplotlib_seaborn_example_8_1.png]
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plotnine

plotnine [https://plotnine.readthedocs.io/en/stable/] implementiert The
Grammar of Graphics [https://link.springer.com/book/10.1007/0-387-28695-0] in
Python basierend auf ggplot2 [https://ggplot2.tidyverse.org/]. Die Grammatik
erlaubt die einfache Beschreibung auch von komplexen Grafiken.


Siehe auch


	plotnine documentation [https://plotnine.readthedocs.io/en/stable/]
	API-Referenz, Gallerie, Tutorials etc.



	ggplot2 documentation [https://ggplot2.tidyverse.org/reference/index.html]
	plotnine verwendet eine ähnliche API und Pipeline wie ggplt2



	Grammer of graphics with plotnine [https://www.kaggle.com/code/residentmario/grammar-of-graphics-with-plotnine-optional?scriptVersionId=4327772]
	Gutes Tutorial zur Einführung in plotnine als Teil eines
Datenvisualisierung-Track [https://www.kaggle.com/learn/data-visualization] von kaggle.



	Paul Teehan: Plotnine is the best Python implementation of R’s ggplot2 [https://web.archive.org/web/20181012022314/http://pltn.ca/plotnine-superior-python-ggplot/]
	Vergleich zwischen plotnine und ggplot2, v.a. in
Bezug auf die API-Kompatibilität.



	Python Plotting for Exploratory Analysis [https://pythonplot.com/]
	Eine Liste von Plots für die explorative Datenanalyse und wie sie mit
verschiedenen Bibliotheken erstellt werden können.



	Introduction to Plotnine [https://web.archive.org/web/20200926231003/http://www.mbel.io/2019/08/06/introduction-to-plotnine-ggplot-port-in-python/]
	Erläutert die Hauptaspekte von plotnine und zeigt, wie die Bibliothek
verwendet werden kann.



	Making Plots With plotnine [https://web.archive.org/web/20230325132920/https://datacarpentry.org/python-ecology-lesson/07-visualization-ggplot-python/index.html]
	Eine Einführung in The Grammar of Graphics [https://link.springer.com/book/10.1007/0-387-28695-0] und die
Verwendung von plotnine. Dies ist Teil des Kurses von Data Carpentry
Data Analysis and Visualization in Python for Ecologists [https://web.archive.org/web/20230325132920/https://datacarpentry.org/python-ecology-lesson/07-visualization-ggplot-python/index.html].
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plotnine-Installation

In den meisten Fällen sollte folgende Installation hinreichend sein:

$ pipenv install plotnine





Für die Verwendung zusammen mit scikit-learn [https://scikit-learn.org/] und
scikit-misc [https://github.com/has2k1/scikit-misc] können Extras installiert
werden mit

$ pipenv install "plotnine[all]"






Jupyter-Notebooks
$ jupyter nbextension enable --py widgetsnbextension







JupyterLab
$ jupyter labextension install @jupyter-widgets/jupyterlab-manager
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plotnine-Beispiele


Einfaches Streudiagramm


	Importe





[1]:





from plotnine import *
from plotnine.data import mtcars








	Streudiagramm





[2]:





(
    ggplot(mtcars, aes("wt", "mpg"))
    + geom_point()
)












[image: ../../_images/matplotlib_plotnine_examples_5_0.png]





[2]:







<Figure Size: (640 x 480)>






plotnine.mapping.aes [https://plotnine.readthedocs.io/en/stable/generated/plotnine.mapping.aes.html] erstellt ästhetische Zuordnungen mit Meilen je Gallone mpg auf der y-Achse und Gewicht der Autos wt auf der x-Achse. plotnine.geoms.geom_point [https://plotnine.readthedocs.io/en/stable/generated/plotnine.geoms.geom_point.html] erstellt dann ein Streudiagramm.


	Farbliche Unterscheidung der Variablen





[3]:





(
    ggplot(mtcars, aes("wt", "mpg", color="factor(gear)"))
    + geom_point()
)












[image: ../../_images/matplotlib_plotnine_examples_8_0.png]





[3]:







<Figure Size: (640 x 480)>







	Geglättetes lineares Modell mit Konfidenzintervallen

Mit plotnine.stats.stat_smooth [https://plotnine.readthedocs.io/en/stable/generated/plotnine.stats.stat_smooth.html?highlight=stat_smooth] lassen sich geglättete bedingte Mittelwerte berechnen, wobei lm ein lineares Modell zugrunde liegt:






[4]:





(
    ggplot(mtcars, aes("wt", "mpg", color="factor(gear)"))
    + geom_point()
    + stat_smooth(method="lm")
)
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[4]:







<Figure Size: (640 x 480)>







	Darstellung in separierten Feldern

Mit plotnine.facets.facet_wrap [https://plotnine.readthedocs.io/en/stable/generated/plotnine.facets.facet_wrap.html] lassen sich die Felder trennen.






[5]:





(
    ggplot(mtcars, aes("wt", "mpg", color="factor(gear)"))
    + geom_point()
    + stat_smooth(method="lm")
    + facet_wrap("~gear")
)
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[5]:







<Figure Size: (640 x 480)>








Interaktive Diagramme

Zusammen mit ipywidgets [https://jupyter-tutorial.readthedocs.io/de/latest/ipywidgets/index.html] lassen sich auch interaktive Diagramme erstellen.


	Importe





[6]:





import itertools

from copy import copy

import matplotlib.pyplot as plt
imp