Matplotlib

Release 1.1.1rc2

Darren Dale, Michael Droettboom, Eric Firing, John Hunter

June 10, 2012






User’s Guide

Introduction

Installing

2.1  Manually installing pre-built packages

2.2 Installing fromsource . ... .........
2.3 Buildrequirements . . . . ... ... ... ..
24 BuildingonOSX . . . . ... ... ... ...
Pyplot tutorial

3.1  Controlling line properties

3.2 Working with multiple figures and axes

3.3 Working withtext . .. ............

Interactive navigation

4.1

Navigation Keyboard Shortcuts

Customizing matplotlib

5.1
52

Using matplotlib in a python shell

6.1 Ipythontotherescue . . ... ... ... ...
6.2  Other python interpreters . . . . . ... .. ..
6.3  Controlling interactive updating

Working with text

7.1  Textintroduction . . . ... ... ... ....
7.2 Basictextcommands . . . . ... ... .. ..
7.3 Text properties and layout

7.4 Writing mathematical expressions

7.5  Text rendering With LaTeX

7.6 Annotatingtext . . . . ... ... .......

The matplotlibrcfile . ... ... ... ..
Dynamic rc settings . . . . . . ... ... ..

Image tutorial

CONTENTS

19

................................ 20

23

........................ 23
........................ 23

33

........................ 33
........................ 34
................................ 34

37

........................ 37
........................ 37
........................ 39
............................... 42
........................ 53
........................ 56

61




10

11

12

13

14

15

16

8.1 Startupcommands . . . . . ... L e e e e e e e e e
8.2 Importing image data into Numpy arrays . . . . . . . . . v v v v v b e e e
8.3  Plotting numpy arrays as images . . . « v v v v v v e e e e e e e e e e e e e e e e e e

Artist tutorial

0.1 Customizing your ObJeCtS . . . . . . . . ... e e e e e e e e
0.2 ODbJect CONAINEIS . . . . . v v v i v e e e e e e e e e e e e e e e e e e e e e e
0.3  Figurecontainer . . . . . . . . . . . i e e e e
0.4  AXESCONtAINET . . . . . . .t i i i i e e e e e e e e e e e e e e
0.5 AXISCONAINETS . . .« v & v v v e e e e e e e e e e e e e e e e e e e e e e
9.6 Tickcontainers . . . . . . . . . . i e e e e e e e e e e e e e e e

Customizing Location of Subplot Using GridSpec

10.1 Basic Example of using subplot2grid . . . . . . . ... .. ... .. ... ...
10.2 GridSpec and SubplotSpec . . . . . . . ..
10.3 Adjust GridSpec layout . . . . . . . . . L e e e e
10.4 GridSpec using SubplotSpec . . . . . . . ... L
10.5 A Complex Nested GridSpec using SubplotSpec . . . . . . .. ... ... ... ......
10.6 GridSpec with Varying Cell Sizes . . . . . . . . . . . .

Tight Layout guide
11.1 Simple Example . . . . . . . . . . . e e e

Legend guide

12.1 Whattobedisplayed . . . . . . . . . . . e e e e
12.2 Multicolumn Legend . . . . . . . . . . .. e
12.3 Legendlocation . . . . . . . . . . . e e e e e e e e e e
12.4 Multiple Legend . . . . . . . . . . e
12.5 Legendof Complex Plots . . . . . . . .. . . . . ... .. .. . e

Event handling and picking

13.1 Eventconnections . . . . . . . . o v v i i it e e e e e e e e e e e e e e
13.2 Eventattributes . . . . . . . . . . .. e e e e e e e e e e e
13.3 Mouseenterandleave . . . . . . . . . . .. e e e e
13.4 Objectpicking . . . . . . . . . e e e e

Transformations Tutorial

14.1 Datacoordinates . . . . . . . . . o i i e e e e e e e e e e e e e e e
142 Axescoordinates . . . . . . . . . i . i e e e e e e e e e e e e e e e e
14.3 Blended transformations . . . . . . . . . . .. e e e e e
14.4 Using offset transforms to create a shadoweffect . . . . . ... ... ... ... ... ...
14.5 The transformation pipeline . . . . . . . . . . . ...

Path Tutorial
15.1 Bézierexample . . . . . . . . .. e e e e e e e e
152 Compoundpaths . . . . . . . . . . . e e e e

Annotating Axes
16.1 Annotating with Text with Box . . . . . .. .. ... . .

75
77
79
79
81
83
86

89
89
90
91
92
93
93

95

111
111
113
113
114
115

119
119
120
124
126

129
129
132
134
136
137

141
142
144

147




17

18

19

20

21

16.2 Annotating with Arrow . . . . . . . . . L L e e e
16.3 Placing Artist at the anchored location of the Axes . . . . . ... ... ... ... .....
16.4 Using Complex Coordinate with Annotation . . . . . . . . ... ... ... ........
16.5 Using ConnectorPatch . . . . . . . . . .. .. .
16.6 Zoom effect between AXeS . . . . . . . o i i L e e e e e
16.7 Define Custom BoxStyle . . . . . . . . . . . .

Our Favorite Recipes

17.1 Sharing axis limits and views . . . . . . . . . . ... e
17.2 Easily creating subplots . . . . . . . ...
17.3 Fixing common date annoyances . . . . . . v v v v v vt et e e e e e e e e e e
17.4 Fill Betweenand Alpha . . . . . . . . . . .. e e
17.5 Transparent, fancy legends . . . . . . . . . . . . L e
17.6 Placing teXt bOXeS . . . . . . . v i e e e e e e e e e e e e e e

Screenshots

18.1 SimplePlot . . . . . . . .
182 Subplotdemo . . . . . . . . . . e e e e e
183 Histograms . . . . . . . . o e e e e e e e e
184 Pathdemo . . . . . . . . . . . . e e
185 mplot3d . . . . . o L
18.6 EILPSES . . . . o o o e e e e e e e e
18.7 Barcharts. . . . . . . . . . e e e e e e e
18.8 Piecharts . . . . . . . . . e e e e e
18.9 Tabledemo . . . . . . . . . . . e e e e e e e e
18.10 Scatterdemo . . . . . . . . . e e e e e e e e e e e e e e
18.11 Sliderdemo . . . . . . . . . . . e e e e e e e e e
1812 Filldemo . . . . . . . . . e e e e e e e e e e e
1813 Datedemo . . . . . . . . . e e e e e e e e e e e e
18.14 Financial charts . . . . . . . . . . . . . . e e e
18.15 Basemap demo . . . . . . . . .o e e e e e e e e e
18.16 Logplots . . . . . L o e
18.17 Polar plots . . . . . . . . e e e e e e

18.20 Native TeX rendering . . . . . . . . . . o v i v i e e e e e e e e e e e e
1821 EEGdemo . . . . . . . . . e e

What’s new in matplotlib

19.1 newinmatplotlib-1.1. . . . . . . . . . . . . e
19.2 newinmatplotlib-1.0. . . . . . . ... L
19.3 new in matplotlib-0.99 . . . . . . .. ..
194 newin0.98.4 . . . . . L L e

License
20.1 License agreement for matplotlib 1.1.1rc2 . . . . . . . . ... ... L 0oL

Credits

165
165
165
166
168
172
173

175
175
176
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
194
194

195
195
202
207
210

219
219

221




IT

22

23

24

25

26

The Matplotlib FAQ

Installation

22.1 Report a compilation problem . . . . .. ... ...

22.2 matplotlib compiled fine, but nothing shows up whenTuseit . . . . . ... ... ... ...

22.3 How to completely remove matplotlib . . . . . . ..
224 Howtolnstall . .. .. ...............
22,5 LinuxNotes . .. ... .. ... ..........
22.6 OS-XNotes . . .. .. ...
2277 WindowsNotes . . . . . .. ... ... .......

Usage

23.1 GeneralConcepts. . . . . . . . ... oo

23.2  Matplotlib, pylab, and pyplot: how are they related?

233 CodingStyles. . . . . ... ... ...
234 Whatisabackend? . . . . ... ... ... ... ..
23.5 Whatis interactive mode? . . . . . . ... ... ..

How-To

24.1 Plotting:howto . . . . .. ... ... ........
24.2 Contributing: howto . . . . . ... ... ... ...
24.3 Matplotlib in a web application server . . . . . . . .
244 Searchexamples . . ... ... ... ........
245 CiteMatplotlib . . . . ... ... ... ... ....

Troubleshooting

25.1 Obtaining matplotlib version . . . . . . . ... ...
25.2 matplotlibinstall location . . . .. ... ... ..
25.3 .matplotlib directory location. . ... ... ...
254 Reportaproblem . . . ... ... ... ... ...
25.5 Problems with recent git versions . . . . ... ...

Environment Variables

26.1 Setting environment variables in Linux and OS-X . .
26.2 Setting environment variables in windows . . . . . .

III The Matplotlib Developers’ Guide

27

28

Coding guide

27.1 Committing changes . . . . ... ..........
272 Styleguide . . ... ... ... .
27.3 Documentation and docstrings . . . . . . ... ...
274 Developinganewbackend . . . . . ... ... ...
27.5 Writingexamples . . . . . ... ... L.
27.6 Testing . . . .. .. ...
2777 Licenses . . . . ... iiie e e

Working with matplotlib source code

225

227
227
227
228
229
230
230
233

235
235
236
236
237
239

243
244
254
255
256
256

259
259
259
259
260
261

263
263
264

265

267
267
267
270
271
272
272
274

277




29

30

31

32

33

28.1 Introduction . . . . . . . L. e e e e e e e e e
282 Install git . . . . . . . e e e e e
28.3 Following the latest source . . . . . . . . . . . o 0 v i i e e e e e e e
284 Makingapatch . . . . . . . L e
28.5 Gitfordevelopment . . . . . . . . . . . e e e e e e e
28.6 QILTESOUICES . . « v v v v v e et e e e e et e e e e e e e e e e e

Documenting matplotlib

29.1 Gettingstarted . . . . . . .. e e e e e e e e e e e e e e
29.2  Organization of matplotlib’s documentation . . . . . . . . . ... ... ... ...
29.3 Formatting . . . . . . . o it e e e e e e e e e e e e e e e e e e e
294 Figures . . . . . . e e e e
29.5 Referringtompldocuments . . . . . . . . ... . e e
29.6 Internal sectionreferences . . . . . . . . . .. ..o L e
297 Section NAMES, EIC . . . . . v v v e e e e e e e e e e e e e e e e e e e e e
29.8 Inheritance diagrams . . . . . . . . . L. L e e e e e e e e e e
29.9 Emacshelpers . . . . . . . e

Doing a matplolib release

30.1 Testing . . . . . o e e e e e e e e e e
30.2 Branching . . . . . . . . e
30.3 Packaging . . . . . .. e e e e e
30.4 Release candidate testing: . . . . . . .. ... oL e e e e e
30.5 Uploading . . . . . . . . e e e e e e e
30.6  ANNOUNCING . . . . . v it e e e e e e e e e e e e e e e e e e e

Working with transformations
31.1 matplotlib.transforms . . . . . . . . . . . . . . . e

Adding new scales and projections to matplotlib

32.1 Creatinganewscale . . . . . . . . . . . . i i e
32.2 Creating anew projection . . . . . . . . . o v vttt e e e e e e e e e
323 APIdocumentation . . . . . . . . . . oL e e e e e e

Docs outline
33.1 RevIiewernotes . . . . . . . . e e e e e e e e e e

IV Toolkits

34

35

36

37

38

Basemap
GTK Tools
Excel Tools
Natgrid

mplot3d

293
293
293
294
296
299
299
300
300
301

303
303
303
303
304
304
305

307
307

327
327
328
328

339
342

345
349
351
353
355

357




39

\Y%

40

41

42

43

AxesGrid

The Matplotlib API

API Changes

40.1 Changesin 1.1.X . . . . . .. . ... . e
40.2 Changesbeyond 0.99.x . . . ... ... ... ... ......
40.3 Changesin0.99 . ... .. .. ... ... .
40.4 Changesfor0.98.x . . . . .. ... ... ... ... ..
40.5 Changesfor0.98.1 . . ... ... ... ... ... .. ...,
40.6 Changesfor0.98.0 . .. .. .. ... .. ... ...
40.7 Changesfor0.91.2 . . . . ... .. ... ... .. .. . ...
40.8 Changesfor091.1 . . . .. .. ... ... ... ...
40.9 Changesfor0.91.0 . . ... ... ... ... ... ......
40.10 Changes for 0.90.1 . . . . . .. .. ... ... ... ...
40.11 Changes for 0.90.0 . . . . . . . . .. ... .. .. ......
40.12 Changes for 0.87.7 . . . . . . . . . ..o
40.13 Changes for 0.86 . . . . . . . . . .. .. ... ... ...
40.14 Changes for 0.85 . . . . . . . . . . ... L o
40.15 Changes for 0.84 . . . . . . . . . . ... ... ..
40.16 Changesfor0.83 . . . . . . . .. . ... ... .. .. ...
40.17 Changesfor 0.82 . . . . . . .. .. .. ...
40.18 Changes for 0.81 . . . . . . . .. . ... ... .. .. ...,
40.19 Changesfor 0.80 . . . . . . .. .. .. ...
40.20 Changes for 0.73 . . . . . . . . . . ... ...
40.21 Changes for 0.72 . . . . . . . . . ..
40.22 Changes for 0.71 . . . . . . . . . .. . ... ... ... ...
40.23 Changes for 0.70 . . . . . . . . ... .. o
40.24 Changes for 0.65.1 . . . . . . . . ... ... ... .. ...,
40.25 Changes for 0.65 . . . . . . . . .. ... oo
40.26 Changes for 0.63 . . . . . . . . . .. ... ... ...
40.27 Changes for 0.61 . . . . . . . ... ... ... .. .. . ...
40.28 Changesfor 0.60 . . . . . . .. .. .. ...
40.29 Changes for0.54.3 . . . . . . . . ... ... .
40.30 Changesfor 0.54 . . . . . . .. .. L oo
40.31 Changes for 0.50 . . . . . . ... ... ... ... ......
40.32 Changes for 0.42 . . . . . . . . . ... o
40.33 Changes for 0.40 . . . . . . .. ... ... ... ... ...

configuration

41.1 matplotlib . . .. . . . . . . . . . .

afm (Adobe Font Metrics interface)

42.1 matplotlib.afm . ... ... .. .. ... .........

animation

43.1 matplotlib.animation .. .. ... ... ... ......

359

361

363
363
363
365
366
367
367
372
372
372
373
374
375
377
377
378
378
379
380
381
381
381
382
383
383
383
383
384
384
384
385
388
389
390

393
393

397
397

401

vi



44

45

46

47

48

49

50

51

52

53

54

55

56

57

artists

44.1 matplotlib.
442 matplotlib.
443 matplotlib.
444 matplotlib.

axes
45.1 matplotlib.

axis
46.1 matplotlib.

backends

47.1 matplotlib.
47.2 matplotlib.
47.3 matplotlib.
474 matplotlib.
47.5 matplotlib.
47.6 matplotlib.
4777 matplotlib.

cbook
48.1 matplotlib.

cm (colormap)
49.1 matplotlib.

collections
50.1 matplotlib.

colorbar
51.1 matplotlib.

colors
52.1 matplotlib.

dates
53.1 matplotlib.

figure
54.1 matplotlib.

font_manager
55.1 matplotlib.
55.2 matplotlib.

gridspec
56.1 matplotlib.

legend

lines . . . . e e

backend_bases . . . . . . . ...
backends.backend_gtkagg .. ... ... .. .. ... ... ..
backends.backend_qt4agg . . . .. . . . . . . ... e
backends.backend_wxagg . ... ... ... ... . o ..
backends.backend_pdf . . ... ... ... ... ... ...
dviread . . . . . . . . . . e
typelfont . . . . . . ..

cbook . . . . e

COlors . . . e e e e e

dates . . . . e

figure . . . . . e e

font_manager . . . . . . . . ...
fontconfig pattern . . . . . . . . . .. ... e

gridspec . . . . . .. e e e e e

631
631

641
641
658
658
659
660
662
665

667
667

677
677

679
679

693
693

697
697

705
705

713
713

733
733
738

741
741

745

vii



57.1 matplotlib.legend . . . . . . . . . . . . ... e 745

58 mathtext 749
58.1 matplotlib.mathtext . . . . . . . . . . . . . . . e 751
59 mlab 765
59.1 matplotlib.mlab. . . . . . . . . . . . . e 765
60 nxutils 789
60.1 matplotlib.nxutils . . . . . . . . . . . . e e 789
61 path 791
61.1 matplotlib.path. . . . . . . . . . . . e 791
62 pyplot 797
62.1 matplotlib.pyplot . . . . . . . . . e 797
63 sankey 965
63.1 matplotlib.sankey . . . . . . . . . . . e e 965
64 spines 973
64.1 matplotlib.spines . . . . . . . . . . . . 973
65 ticker 977
65.1 matplotlib.ticker . . . . . . . . . . . . e 977
66 tight_layout 985
66.1 matplotlib.tight_layout . . . . .. . . . . . . . . . .. e 985
67 units 987
67.1 matplotlib.units . . . . . . . . . . . . e 987
68 widgets 989
68.1 matplotlib.widgets . . . . . . . . . . . e e 989
VI Glossary 999
Python Module Index 1003
Index 1005

viii



Part I
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CHAPTER
ONE

INTRODUCTION

matplotlib is a library for making 2D plots of arrays in Python. Although it has its origins in emulating the
MATLAB® ! graphics commands, it is independent of MATLAB, and can be used in a Pythonic, object
oriented way. Although matplotlib is written primarily in pure Python, it makes heavy use of NumPy and
other extension code to provide good performance even for large arrays.

matplotlib is designed with the philosophy that you should be able to create simple plots with just a few
commands, or just one! If you want to see a histogram of your data, you shouldn’t need to instantiate
objects, call methods, set properties, and so on; it should just work.

For years, I used to use MATLAB exclusively for data analysis and visualization. MATLAB excels at mak-
ing nice looking plots easy. When I began working with EEG data, I found that I needed to write applications
to interact with my data, and developed and EEG analysis application in MATLAB. As the application grew
in complexity, interacting with databases, http servers, manipulating complex data structures, I began to
strain against the limitations of MATLAB as a programming language, and decided to start over in Python.
Python more than makes up for all of MATLAB’s deficiencies as a programming language, but I was having
difficulty finding a 2D plotting package (for 3D VTK more than exceeds all of my needs).

When I went searching for a Python plotting package, I had several requirements:

o Plots should look great - publication quality. One important requirement for me is that the text looks
good (antialiased, etc.)

Postscript output for inclusion with TeX documents

Embeddable in a graphical user interface for application development

Code should be easy enough that I can understand it and extend it

Making plots should be easy

Finding no package that suited me just right, I did what any self-respecting Python programmer would do:
rolled up my sleeves and dived in. Not having any real experience with computer graphics, I decided to
emulate MATLAB’s plotting capabilities because that is something MATLAB does very well. This had the
added advantage that many people have a lot of MATLAB experience, and thus they can quickly get up to
steam plotting in python. From a developer’s perspective, having a fixed user interface (the pylab interface)
has been very useful, because the guts of the code base can be redesigned without affecting user code.

! MATLARB is a registered trademark of The MathWorks, Inc.



http://www.python.org
http://www.numpy.org
http://www.vtk.org/
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The matplotlib code is conceptually divided into three parts: the pylab interface is the set of functions
provided by matplotlib.pylab which allow the user to create plots with code quite similar to MATLAB
figure generating code (Pyplot tutorial). The matplotlib frontend or matplotlib API is the set of classes that
do the heavy lifting, creating and managing figures, text, lines, plots and so on (Artist tutorial). This is an
abstract interface that knows nothing about output. The backends are device dependent drawing devices, aka
renderers, that transform the frontend representation to hardcopy or a display device (What is a backend?).
Example backends: PS creates PostScript® hardcopy, SVG creates Scalable Vector Graphics hardcopy,
Agg creates PNG output using the high quality Anti-Grain Geometry library that ships with matplotlib,
GTK embeds matplotlib in a Gtk+ application, GTKAgg uses the Anti-Grain renderer to create a figure and
embed it a Gtk+ application, and so on for PDF, WxWidgets, Tkinter etc.

matplotlib is used by many people in many different contexts. Some people want to automatically generate
PostScript files to send to a printer or publishers. Others deploy matplotlib on a web application server to
generate PNG output for inclusion in dynamically-generated web pages. Some use matplotlib interactively
from the Python shell in Tkinter on Windows™. My primary use is to embed matplotlib in a Gtk+ EEG
application that runs on Windows, Linux and Macintosh OS X.
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CHAPTER
TWO

INSTALLING

There are many different ways to install matplotlib, and the best way depends on what operating system
you are using, what you already have installed, and how you want to use it. To avoid wading through all
the details (and potential complications) on this page, the easiest thing for you to do is use one of the pre-
packaged python distributions that already provide matplotlib built-in. The Enthought Python Distribution
(EPD) for Windows, OS X or Redhat is an excellent choice that “just works” out of the box. Another
excellent alternative for Windows users is Python (x, y) which tends to be updated a bit more frequently.
Both of these packages include matplotlib and pylab, and lots of other useful tools. matplotlib is also
packaged for almost every major Linux distribution. So if you are on Linux, your package manager will
probably provide matplotlib prebuilt.

2.1 Manually installing pre-built packages

2.1.1 General instructions

For some people, the prepackaged pythons discussed above are not an option. That’s OK, it’s usually pretty
easy to get a custom install working. You will first need to find out if you have python installed on your
machine, and if not, install it. The official python builds are available for download here, but OS X users
please read Which python for OS X?.

Once you have python up and running, you will need to install numpy. numpy provides high-performance
array data structures and mathematical functions, and is a requirement for matplotlib. You can test your
progress:

>>> import numpy
>>> print numpy.__version__

matplotlib requires numpy version 1.4 or later. Although it is not a requirement to use matplotlib, we
strongly encourage you to install ipython, which is an interactive shell for python that is matplotlib-aware.

Next, we need to get matplotlib installed. We provide prebuilt binaries for OS X and Windows on the
matplotlib download page. Click on the latest release of the “matplotlib” package, choose your python
version (e.g., 2.5, 2.6 or 2.7) and your platform (macosx or win32). If you have any problems, please check
the /nstallation, search using Google, and/or post a question to the mailing list.

If you are on Debian/Ubuntu Linux, it suffices to do:



http://www.enthought.com/products/epd.php
http://www.pythonxy.com/foreword.php
http://www.python.org/download
http://sourceforge.net/project/showfiles.php?group_id=1369&package_id=175103
http://ipython.org
http://sourceforge.net/projects/matplotlib/files/
http://sourceforge.net/project/showfiles.php?group_id=80706
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> sudo apt-get install python-matplotlib

Instructions for installing our OSX binaries are found in the FAQ Installing OSX binaries.

Once you have ipython, numpy and matplotlib installed, you can use ipython’s “pylab” mode to have a
MATLAB-like environment that automatically handles most of the configuration details for you, so you can
get up and running quickly:

johnh@flag:~> ipython -pylab
Python 2.4.5 (#4, Apr 12 2008, 09:09:16)
IPython 0.9.0 -- An enhanced Interactive Python.

Welcome to pylab, a matplotlib-based Python environment.
For more information, type ’help(pylab)’.

In [1]: x = randn(10000)
In [2]: hist(x, 100)

Note that when testing matplotlib installations from the interactive python console, there are some issues
relating to user interface toolkits and interactive settings that are discussed in Using matplotlib in a python
shell.

2.1.2 Installing on Windows

If you don’t already have python installed, you may want to consider using the Enthought edition of python,
which has scipy, numpy, and wxpython, plus many other useful packages, preinstalled - Enthought Python.
With the Enthought edition of python + matplotlib installer, the following backends should work out of the
box: agg, wx, wxagg, tkagg, ps, pdf and svg.

For standard python installations, you will also need to install numpy in addition to the matplotlib in-
staller. On some systems you will also need to download msvcp71.dll library, which you can download
from http://www.dll-files.com/dllindex/dlI-files.shtml?msvcp71 or other sites. You will need to unzip the
archive and drag the dll into c:windowssystem32.

All of the GUI backends run on Windows, but TkAgg is probably the best for interactive use from the
standard python shell or ipython. The Windows installer (* . exe) on the download page contains all the code
you need to get up and running. However, there are many examples that are not included in the Windows
installer. If you want to try the many demos that come in the matplotlib source distribution, download the
zip file and look in the examples subdirectory.

2.2 Installing from source

If you are interested in contributing to matplotlib development, running the latest source code, or just like
to build everything yourself, it is not difficult to build matplotlib from source. Grab the latest tar.gz release
file from sourceforge, or if you want to develop matplotlib or just need the latest bugfixed version, grab the
latest git version Source install from git.

6 Chapter 2. Installing
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Once you have satisfied the requirements detailed below (mainly python, numpy, libpng and freetype), you
can build matplotlib:

cd matplotlib
python setup.py build
python setup.py install

We provide a setup.cfg file that goes with setup.py which you can use to customize the build process. For
example, which default backend to use, whether some of the optional libraries that matplotlib ships with are
installed, and so on. This file will be particularly useful to those packaging matplotlib.

If you have installed prerequisites to nonstandard places and need to inform matplotlib where they are,
edit setupext.py and add the base dirs to the basedir dictionary entry for your sys.platform. e.g., if
the header to some required library is in /some/path/include/someheader.h, put /some/path in the
basedir list for your platform.

2.3 Build requirements

These are external packages which you will need to install before installing matplotlib. Windows users
only need the first two (python and numpy) since the others are built into the matplotlib Windows installers
available for download at the sourceforge site. If you are building on OSX, see Building on OSX. If you
are installing dependencies with a package manager on Linux, you may need to install the development
packages (look for a “-dev” postfix) in addition to the libraries themselves.

Note: If you are on debian/ubuntu, you can get all the dependencies required to build matplotlib with:

sudo apt-get build-dep python-matplotlib

If you are on Fedora/RedHat, you can get all the dependencies required to build matplotlib by first installing
yum-builddep and then running:

su -c "yum-builddep python-matplotlib"

This does not build matplotlib, but it does get the install the build dependencies, which will make building
from source easier.

python 2.4 (or later but not python3) matplotlib requires python 2.4 or later (download)
numpy 1.4 (or later) array support for python (download)

libpng 1.2 (or later) library for loading and saving PNG files (download). libpng requires zlib. If you are a
Windows user, you can ignore this because we build support into the matplotlib single-click installer

Jreetype 1.4 (or later) library for reading true type font files. If you are a windows user, you can ignore this
since we build support into the matplotlib single click installer.

Optional

These are optional packages which you may want to install to use matplotlib with a user interface toolkit.
See What is a backend? for more details on the optional matplotlib backends and the capabilities they
provide.

2.3. Build requirements 7
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tk 8.3 or later The TCL/Tk widgets library used by the TkAgg backend
pyqt 3.1 or later The Qt3 widgets library python wrappers for the QtAgg backend
pyqt 4.0 or later The Qt4 widgets library python wrappers for the Qt4Agg backend

pygtk 2.4 or later The python wrappers for the GTK widgets library for use with the GTK or GTKAgg
backend

wxpython 2.8 or later The python wrappers for the wx widgets library for use with the WX or WXAgg
backend

pyfitk 1.0 or later The python wrappers of the FLTK widgets library for use with FLTKAgg
Required libraries that ship with matplotlib

agg 2.4 The antigrain C++ rendering engine. matplotlib links against the agg template source statically, so
it will not affect anything on your system outside of matplotlib.

pytz 2007g or later timezone handling for python datetime objects. By default, matplotlib will install pytz
if it isn’t already installed on your system. To override the default, use setup. cfg to force or prevent
installation of pytz.

dateutil 1.1 or later provides extensions to python datetime handling. By default, matplotlib will install
dateutil if it isn’t already installed on your system. To override the default, use setup.cfg to force
or prevent installation of dateutil.

2.4 Building on OSX

The build situation on OSX is complicated by the various places one can get the libpng and freetype re-
quirements (darwinports, fink, /usr/X11R6) and the different architectures (e.g., x86, ppc, universal) and
the different OSX version (e.g., 10.4 and 10.5). We recommend that you build the way we do for the OSX
release: get the source from the tarball or the git repository and follow the instruction in README . 0sx.

8 Chapter 2. Installing



CHAPTER
THREE

PYPLOT TUTORIAL

matplotlib.pyplot is a collection of command style functions that make matplotlib work like MATLAB.
Each pyplot function makes some change to a figure: eg, create a figure, create a plotting area in a figure,
plot some lines in a plotting area, decorate the plot with labels, etc.... matplotlib.pyplot is stateful, in
that it keeps track of the current figure and plotting area, and the plotting functions are directed to the current
axes

import matplotlib.pyplot as plt
plt.plot([1,2,3,4])
plt.ylabel(’some numbers’)
plt.show()

some numbers
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You may be wondering why the x-axis ranges from 0-2 and the y-axis from 1-3. If you provide a single
list or array to the plot() command, matplotlib assumes it is a sequence of y values, and automatically
generates the x values for you. Since python ranges start with 0, the default x vector has the same length as
y but starts with 0. Hence the x data are [0,1,2].

plot() is a versatile command, and will take an arbitrary number of arguments. For example, to plot x
Versus y, you can issue the command:

plt.plot([1,2,3,4], [1,4,9,16]1)

For every X, y pair of arguments, there is an optional third argument which is the format string that indicates
the color and line type of the plot. The letters and symbols of the format string are from MATLAB, and you
concatenate a color string with a line style string. The default format string is ‘b-*, which is a solid blue line.
For example, to plot the above with red circles, you would issue

import matplotlib.pyplot as plt
plt.plot([1,2,3,4], [1,4,9,16], 'ro’)
plt.axis([0, 6, 0, 20])

20 T T T T T
®
15f .
10f 7
®
5f -
@
@
0O 2 3 4 5 6

See the plot () documentation for a complete list of line styles and format strings. The axis() command
in the example above takes a list of [xmin, xmax, ymin, ymax] and specifies the viewport of the axes.

If matplotlib were limited to working with lists, it would be fairly useless for numeric processing. Generally,
you will use numpy arrays. In fact, all sequences are converted to numpy arrays internally. The example
below illustrates a plotting several lines with different format styles in one command using arrays.
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import numpy as np
import matplotlib.pyplot as plt

# evenly sampled time at 200ms intervals
t = np.arange(0., 5., 0.2)

# red dashes, blue squares and green triangles

plt.plot(t, t, 'r--’, t, t¥*2, ’bs’, t, t**3, 'g*’)
120 : . | |
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80 |
A
A
60 |
A
A
401 R |
A
: |
A
20} X et
A -.-
A u
OL-_-_-LLLI_.“Q!_-_.-___I______I____

3.1 Controlling line properties

Lines have many attributes that you can set: linewidth, dash style, antialiased, etc; see
matplotlib.lines.Line2D. There are several ways to set line properties

e Use keyword args:
plt.plot(x, y, linewidth=2.0)
e Use the setter methods of the Line2D instance. plot returns a list of lines; eg linel, line2 =

plot(xl,yl,x2,x2). Below I have only one line so it is a list of length 1. I use tuple unpacking in
the line, = plot(x, y, ’0’) to get the first element of the list:

3.1. Controlling line properties 11
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line, = plt.plot(x, y, ’-’)

line.set_antialiased(False) # turn off antialising

Use the setp() command. The example below uses a MATLAB-style command to set multiple
properties on a list of lines. setp works transparently with a list of objects or a single object. You can
either use python keyword arguments or MATLAB-style string/value pairs:

lines = plt.plot(x1l, yl, x2, y2)

# use keyword args

plt.setp(lines, color="r’, linewidth=2.0)
# or MATLAB style string value pairs

plt.setp(lines, ’color’, ’'r’,

Here are the available Line2D properties.

’linewidth’, 2.0)

Property Value Type
alpha float
animated [True | False]

antialiased or aa [True | False]

clip_box a matplotlib.transform.Bbox instance
clip_on [True | False]

clip_path a Path instance and a Transform instance, a Patch
color or ¢ any matplotlib color

contains the hit testing function
dash_capstyle [’butt’ | ‘round’ | ‘projecting’]
dash_joinstyle [’miter’ | ‘round’ | ‘bevel’]

dashes sequence of on/off ink in points

data (np.array xdata, np.array ydata)
figure a matplotlib.figure.Figure instance
label any string

linestyle or Is [ = 2] | ‘steps’ | ...]

linewidth or Iw

float value in points

lod [True | False]

marker

AN
L7150

17 | 62’ | ‘3’ | ‘4’

markeredgecolor or mec

any matplotlib color

markeredgewidth or mew

float value in points

markerfacecolor or mfc

any matplotlib color

markersize or ms float

markevery None | integer | (startind, stride)

picker used in interactive line selection
pickradius the line pick selection radius
solid_capstyle [’butt’ | ‘round’ | ‘projecting’]
solid_joinstyle [’miter’ | ‘round’ | ‘bevel’]

transform a matplotlib.transforms.Transform instance
visible [True | False]

xdata np.array

ydata np.array

Continued on next page
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Table 3.1 — continued from previous page

Property

Value Type

zorder

any number

To get a list of settable line properties, call the setp () function with a line or lines as argument

In [69]: lines = plt.plot([1,2,3])

In [70]: plt.setp(lines)

a
a
a

Ipha: float

nimated: [True | False]

ntialiased or aa:
..snip

[True | False]

3.2 Working with multiple figures and axes

MATLAB, and pyplot, have the concept of the current figure and the current axes. All plotting com-
mands apply to the current axes. The function gca () returns the current axes (a matplotlib.axes.Axes
instance), and gcf() returns the current figure (matplotlib.figure.Figure instance). Normally, you
don’t have to worry about this, because it is all taken care of behind the scenes. Below is a script to create
two subplots.

imp

ort numpy as np

import matplotlib.pyplot as plt

def f(t):

tl
t2

plt
plt
plt

plt
plt

return np.exp(-t)

np.arange(0.0,
np.arange(0.0

.figure(1)
.subplot(211)

5.0
5.0

* np.cos(2*np.pi*t)

, 0.1)
0.02)

.plot(tl, f(t1), ’bo’, t2, £(t2), 'k’)

.subplot(212)

.plot(t2, np.cos(2*np.pi*t2), 'r--’)

3.2. Working with multiple figures and axes
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The figure() command here is optional because figure(l) will be created by default, just as a
subplot(111) will be created by default if you don’t manually specify an axes. The subplot() com-
mand specifies numrows, numcols, fignum where fignum ranges from 1 to numrows*numcols. The
commas in the subplot command are optional if numrows*numcols<10. So subplot(211) is identical
to subplot (2,1, 1). You can create an arbitrary number of subplots and axes. If you want to place an axes
manually, ie, not on a rectangular grid, use the axes () command, which allows you to specify the location
as axes([left, bottom, width, height]) where all values are in fractional (0 to 1) coordinates. See
pylab_examples-axes_demo for an example of placing axes manually and pylab_examples-line_styles for an
example with lots-o-subplots.

You can create multiple figures by using multiple figure() calls with an increasing figure number. Of
course, each figure can contain as many axes and subplots as your heart desires:

import matplotlib.pyplot as plt

plt.figure(l) # the first figure

plt.subplot(211) # the first subplot in the first figure
plt.plot([1,2,3])

plt.subplot(212) # the second subplot in the first figure
plt.plot([4,5,6])

plt.figure(2) # a second figure

plt.plot([4,5,6]) # creates a subplot(111) by default

plt.figure(l) # figure 1 current; subplot(212) still current
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plt.subplot(211) # make subplot(211) in figurel current
plt.title('Easy as 1,2,3") # subplot 211 title

You can clear the current figure with c1£() and the current axes with cla(). If you find this statefulness,
annoying, don’t despair, this is just a thin stateful wrapper around an object oriented API, which you can
use instead (see Artist tutorial)

If you are making a long sequence of figures, you need to be aware of one more thing: the memory required
for a figure is not completely released until the figure is explicitly closed with close (). Deleting all refer-
ences to the figure, and/or using the window manager to kill the window in which the figure appears on the
screen, is not enough, because pyplot maintains internal references until close () is called.

3.3 Working with text

The text () command can be used to add text in an arbitrary location, and the x1abel (), ylabel () and
title() are used to add text in the indicated locations (see Text introduction for a more detailed example)

import numpy as np
import matplotlib.pyplot as plt

mu, sigma = 100, 15
X = mu + sigma * np.random.randn(10000)

# the histogram of the data
n, bins, patches = plt.hist(x, 50, normed=1, facecolor="g’, alpha=0.75)

plt.xlabel(’Smarts’)

plt.ylabel (’Probability’)
plt.title('Histogram of IQ’)

plt.text(60, .025, r’$\mu=100,\ \sigma=15%’)
plt.axis([40, 160, 0, 0.03])

plt.grid(True)

3.3. Working with text 15



Matplotlib, Release 1.1.1rc2

0.030 ! Iﬂlstogr?m of I(!)

0.025
0.020

0.015

FrowawvliiLy

0.010

0.005

0'00%0 60 80 100 120 140 160

Smarts

All of the text () commands return an matplotlib.text.Text instance. Just as with with lines above,
you can customize the properties by passing keyword arguments into the text functions or using setp():

t = plt.xlabel('my data’, fontsize=14, color=’red’)

These properties are covered in more detail in Text properties and layout.

3.3.1 Using mathematical expressions in text

matplotlib accepts TeX equation expressions in any text expression. For example to write the expression
o; = 15 in the title, you can write a TeX expression surrounded by dollar signs:

plt.title(r’$\sigma_i=15%")

The r preceeding the title string is important — it signifies that the string is a raw string and not to treate
backslashes and python escapes. matplotlib has a built-in TeX expression parser and layout engine, and
ships its own math fonts — for details see Writing mathematical expressions. Thus you can use mathematical
text across platforms without requiring a TeX installation. For those who have LaTeX and dvipng installed,
you can also use LaTeX to format your text and incorporate the output directly into your display figures or
saved postscript — see Text rendering With LaTeX.
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3.3.2 Annotating text

The uses of the basic text () command above place text at an arbitrary position on the Axes. A common use
case of text is to annotate some feature of the plot, and the annotate () method provides helper functionality
to make annotations easy. In an annotation, there are two points to consider: the location being annotated
represented by the argument xy and the location of the text xytext. Both of these arguments are (x,y)
tuples.

import numpy as np
import matplotlib.pyplot as plt

ax = plt.subplot(111)

t = np.arange(0.0, 5.0, 0.01)
s = np.cos(2*np.pi*t)
line, = plt.plot(t, s, lw=2)

plt.annotate(’local max’, xy=(2, 1), xytext=(3, 1.5),
arrowprops=dict(facecolor="black’, shrink=0.05),

)
plt.ylim(-2,2)
plt.show()
2.0 I T T T
1.5 local max

| _ |

-1.5

-2.0

In this basic example, both the xy (arrow tip) and xytext locations (text location) are in data coordinates.

3.3. Working with text 17
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There are a variety of other coordinate systems one can choose — see Annotating text and Annotating Axes
for details. More examples can be found in pylab_examples-annotation_demo.
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CHAPTER
FOUR

INTERACTIVE NAVIGATION

POO+ - BB

All figure windows come with a navigation toolbar, which can be used to navigate through the data set. Here
is a description of each of the buttons at the bottom of the toolbar

,ﬁi\

o
v

The Forward and Back buttons These are akin to the web browser forward and back buttons. They are

4

used to navigate back and forth between previously defined views. They have no meaning unless you
have already navigated somewhere else using the pan and zoom buttons. This is analogous to trying
to click Back on your web browser before visiting a new page —nothing happens. Home always takes
you to the first, default view of your data. For Home, Forward and Back, think web browser where
data views are web pages. Use the pan and zoom to rectangle to define new views.

The Pan/Zoom button This button has two modes: pan and zoom. Click the toolbar button to activate

panning and zooming, then put your mouse somewhere over an axes. Press the left mouse button
and hold it to pan the figure, dragging it to a new position. When you release it, the data under the
point where you pressed will be moved to the point where you released. If you press ‘x” or ‘y’ while
panning the motion will be constrained to the x or y axis, respectively. Press the right mouse button
to zoom, dragging it to a new position. The x axis will be zoomed in proportionate to the rightward
movement and zoomed out proportionate to the leftward movement. Ditto for the y axis and up/down
motions. The point under your mouse when you begin the zoom remains stationary, allowing you to
zoom to an arbitrary point in the figure. You can use the modifier keys ‘x’, ‘y’ or ‘CONTROL’ to
constrain the zoom to the x axis, the y axis, or aspect ratio preserve, respectively.

With polar plots, the pan and zoom functionality behaves differently. The radius axis labels can be
dragged using the left mouse button. The radius scale can be zoomed in and out using the right mouse
button.
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The Zoom-to-rectangle button Click this toolbar button to activate this mode. Put your mouse some-
where over and axes and press the left mouse button. Drag the mouse while holding the button to
a new location and release. The axes view limits will be zoomed to the rectangle you have defined.
There is also an experimental ‘zoom out to rectangle’ in this mode with the right button, which will
place your entire axes in the region defined by the zoom out rectangle.

=

The Subplot-configuration button Use this tool to configure the parameters of the subplot: the left,
right, top, bottom, space between the rows and space between the columns.

The Save button Click this button to launch a file save dialog. You can save files with the following
extensions: png, ps, eps, svg and pdf.

4.1 Navigation Keyboard Shortcuts

The following table holds all the default keys, which can be overwritten by use of your matplotlibrc
(#keymap.*).

Command Keyboard Shortcut(s)
Home/Reset h or r or home

Back c or left arrow or backspace
Forward v or right arrow

Pan/Zoom P

Zoom-to-rect 0

Save S

Toggle fullscreen f

Constrain pan/zoom to X axis hold x

Constrain pan/zoom to y axis hold y

Preserve aspect ratio hold CONTROL
Toggle grid g

Toggle x axis scale (log/linear) | L or k

Toggle y axis scale (log/linear) | 1

If you are using matplotlib.pyplot the toolbar will be created automatically for every figure. If you are
writing your own user interface code, you can add the toolbar as a widget. The exact syntax depends on
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your UI, but we have examples for every supported Ul in the matplotlib/examples/user_interfaces
directory. Here is some example code for GTK:

from matplotlib.figure import Figure
from matplotlib.backends.backend_gtkagg import FigureCanvasGTKAgg as FigureCanvas
from matplotlib.backends.backend_gtkagg import NavigationToolbar2GTKAgg as NavigationToolbar

win = gtk.Window()

win.connect("destroy", lambda x: gtk.main_quit())
win.set_default_size(400,300)
win.set_title("Embedding in GTK")

vbox = gtk.VBox()
win.add(vbox)

fig = Figure(figsize=(5,4), dpi=100)
ax = fig.add_subplot(111)
ax.plot([1,2,3])

canvas = FigureCanvas(fig) # a gtk.DrawingArea
vbox.pack_start(canvas)

toolbar = NavigationToolbar(canvas, win)
vbox.pack_start(toolbar, False, False)

win.show_all()
gtk.mainQ)

4.1. Navigation Keyboard Shortcuts 21
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CHAPTER
FIVE

CUSTOMIZING MATPLOTLIB

5.1 The matplotlibrc file

matplotlib uses matplotlibrc configuration files to customize all kinds of properties, which we call rc
settings or rc parameters. You can control the defaults of almost every property in matplotlib: figure size
and dpi, line width, color and style, axes, axis and grid properties, text and font properties and so on.
matplotlib looks for matplotlibrc in three locations, in the following order:

1. matplotlibrc in the current working directory, usually used for specific customizations that you do
not want to apply elsewhere.

2. .matplotlib/matplotlibrc, for the user’s default customizations. See .matplotlib directory loca-
tion.

3. INSTALL/matplotlib/mpl-data/matplotlibrc, where INSTALL is some-
thing like /usr/lib/python2.5/site-packages on Linux, and maybe
C:\Python25\Lib\site-packages on Windows. Every time you install matplotlib, this file
will be overwritten, so if you want your customizations to be saved, please move this file to your
.matplotlib directory.

To display where the currently active matplotlibrc file was loaded from, one can do the following:

>>> import matplotlib
>>> matplotlib.matplotlib_fname()
’ /home/foo/.matplotlib/matplotlibrc’

See below for a sample matplotlibre file.

5.2 Dynamic rc settings

You can also dynamically change the default rc settings in a python script or interactively from the python
shell. All of the rc settings are stored in a dictionary-like variable called matplotlib.rcParams, which is
global to the matplotlib package. rcParams can be modified directly, for example:

import matplotlib as mpl
mpl.rcParams[’lines.linewidth’] = 2
mpl.rcParams[’lines.color’] = ’r’
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Matplotlib also provides a couple of convenience functions for modifying rc settings. The
matplotlib.rc() command can be used to modify multiple settings in a single group at once, using
keyword arguments:

import matplotlib as mpl
mpl.rc(’lines’, linewidth=2, color="r’)

There matplotlib.rcdefaults() command will restore the standard matplotlib default settings.

There is some degree of validation when setting the values of rcParams, see matplotlib.rcsetup for
details.

5.2.1 A sample matplotlibrc file

### MATPLOTLIBRC FORMAT

This is a sample matplotlib configuration file - you can find a copy
of it on your system in
site-packages/matplotlib/mpl-data/matplotlibrc. If you edit it
there, please note that it will be overwritten in your next install.
If you want to keep a permanent local copy that will not be
overwritten, place it in HOME/.matplotlib/matplotlibrc (unix/linux
like systems) and C:\Documents and Settings\yourname\.matplotlib
(win32 systems).

This file is best viewed in a editor which supports python mode
syntax highlighting. Blank lines, or lines starting with a comment
symbol, are ignored, as are trailing comments. Other lines must
have the format

key : val # optional comment

Colors: for the color values below, you can either use - a
matplotlib color string, such as r, k, or b - an rgb tuple, such as
(1.0, 0.5, 0.0) - a hex string, such as ff00ff or #ff00ff - a scalar
grayscale intensity such as 0.75 - a legal html color name, eg red,
blue, darkslategray

FHoH H OH O OH K B H O H K K W H W W W W R

#### CONFIGURATION BEGINS HERE

the default backend; one of GTK GTKAgg GTKCairo CocoaAgg FltkAgg
MacOSX QtAgg Qt4Agg TkAgg WX WXAgg Agg Cairo GDK PS PDF SVG Template
You can also deploy your own backend outside of matplotlib by
referring to the module name (which must be in the PYTHONPATH) as
'module: //my_backend’

backend : TkAgg

FH FH H W H

# If you are using the Qt4Agg backend, you can choose here
# to use the PyQt4 bindings or the newer PySide bindings to
# the underlying Qt4 toolkit.

#backend.qt4 : PyQt4 # PyQt4 | PySide

# Note that this can be overridden by the environment variable
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-

QT_API used by Enthought Tool Suite (ETS); valid values are
# "pyqt" and "pyside". The "pyqt" setting has the side effect of
# forcing the use of Version 2 API for QString and QVariant.

# if you are running pyplot inside a GUI and your backend choice

# conflicts, we will automatically try to find a compatible one for
# you if backend_fallback is True

#backend_fallback: True

#interactive : False
#toolbar : toolbar2 # None | classic | toolbar?2
#timezone : UTC # a pytz timezone string, eg US/Central or Europe/Paris

# Where your matplotlib data lives if you installed to a non-default
# location. This is where the matplotlib fonts, bitmaps, etc reside
#datapath : /home/jdhunter/mpldata

### LINES
# See http://matplotlib.sourceforge.net/api/artist_api.html#module-matplotlib.lines for more
# information on line properties.

#lines.linewidth : 1.0 # line width in points

#lines.linestyle HE # solid line

#lines.color : blue

#lines.marker : None # the default marker

#lines.markeredgewidth : 0.5 # the line width around the marker symbol
#lines.markersize : 6 # markersize, in points
#lines.dash_joinstyle : miter # miter|round|bevel
#lines.dash_capstyle : butt # butt|round|projecting
#lines.solid_joinstyle : miter # miter|round|bevel
#lines.solid_capstyle : projecting # butt|round|projecting
#lines.antialiased : True # render lines in antialised (no jaggies)

### PATCHES

# Patches are graphical objects that fill 2D space, like polygons or

# circles. See

# http://matplotlib.sourceforge.net/api/artist_api.html#module-matplotlib.patches
# information on patch properties

#patch.linewidth 1.0 # edge width in points

#patch. facecolor : blue

#patch.edgecolor : black

#patch.antialiased : True # render patches in antialised (no jaggies)
### FONT

#

# font properties used by text.Text. See

# http://matplotlib.sourceforge.net/api/font_manager_api.html for more
# information on font properties. The 6 font properties used for font
# matching are given below with their default values.

#

# The font.family property has five values: ’serif’ (e.g. Times),

# ’sans-serif’ (e.g. Helvetica), ’cursive’ (e.g. Zapf-Chancery),

# ’fantasy’ (e.g. Western), and ’'monospace’ (e.g. Courier). Each of
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these font families has a default list of font names in decreasing
order of priority associated with them.

The font.style property has three values: normal (or roman), italic
or oblique. The oblique style will be used for italic, if it is not
present.

The font.variant property has two values: normal or small-caps. For
TrueType fonts, which are scalable fonts, small-caps is equivalent
to using a font size of ’smaller’, or about 83% of the current font
size.

The font.weight property has effectively 13 values: normal, bold,
bolder, lighter, 100, 200, 300, ..., 900. Normal is the same as
400, and bold is 700. bolder and lighter are relative values with
respect to the current weight.

The font.stretch property has 11 values: ultra-condensed,
extra-condensed, condensed, semi-condensed, normal, semi-expanded,
expanded, extra-expanded, ultra-expanded, wider, and narrower. This
property is not currently implemented.

The font.size property is the default font size for text, given in pts.
12pt is the standard value.

FHOoFH OH H OH OH OH OH K K H OH OH OH H WK HH W W OH W W R R

#font. family : sans-serif
#font.style : normal
#font.variant : normal
#font.weight : medium
#font.stretch : normal

# note that font.size controls default text sizes. To configure

# special text sizes tick labels, axes, labels, title, etc, see the rc
# settings for axes and ticks. Special text sizes can be defined

# relative to font.size, using the following values: xx-small, x-small,
# small, medium, large, x-large, xx-large, larger, or smaller

#font.size : 12.0

#font.serif : Bitstream Vera Serif, New Century Schoolbook, Century Schoolbook L, Utopia, ITC ]
#font.sans-serif : Bitstream Vera Sans, Lucida Grande, Verdana, Geneva, Lucid, Arial, Helvetica, Av
#font.cursive : Apple Chancery, Textile, Zapf Chancery, Sand, cursive

#font. fantasy : Comic Sans MS, Chicago, Charcoal, Impact, Western, fantasy

#font.monospace : Bitstream Vera Sans Mono, Andale Mono, Nimbus Mono L, Courier New, Courier, Fixe
### TEXT

# text properties used by text.Text. See
# http://matplotlib.sourceforge.net/api/artist_api.html#module-matplotlib.text for more
# information on text properties

#text.color : black

### LaTeX customizations. See http://www.scipy.org/Wiki/Cookbook/Matplotlib/UsingTex

#text.usetex : False # use latex for all text handling. The following fonts
# are supported through the usual rc parameter settings:
# new century schoolbook, bookman, times, palatino,
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zapf chancery, charter, serif, sans-serif, helvetica,
avant garde, courier, monospace, computer modern roman,
computer modern sans serif, computer modern typewriter
If another font is desired which can loaded using the
LaTeX \usepackage command, please inquire at the
# matplotlib mailing list

#text.latex.unicode : False # use "ucs" and "inputenc" LaTeX packages for handling

# unicode strings.
#text.latex.preamble : # IMPROPER USE OF THIS FEATURE WILL LEAD TO LATEX FAILURES

# AND IS THEREFORE UNSUPPORTED. PLEASE DO NOT ASK FOR HELP

# IF THIS FEATURE DOES NOT DO WHAT YOU EXPECT IT TO.

# preamble is a comma separated list of LaTeX statements

# that are included in the LaTeX document preamble.

# An example:
# text.latex.preamble : \usepackage{bm},\usepackagef{euler}
#
#
#
#

H H H H W

The following packages are always loaded with usetex, so
beware of package collisions: color, geometry, graphicx,
typelcm, textcomp. Adobe Postscript (PSSNFS) font packages
may also be loaded, depending on your font settings

#text.dvipnghack : None # some versions of dvipng don’t handle alpha

# channel properly. Use True to correct

# and flush ~/.matplotlib/tex.cache

# before testing and False to force

# correction off. None will try and

# guess based on your dvipng version

#text.hinting : True # If True, text will be hinted, otherwise not. This only
# affects the Agg backend.

#text.antialiased : True # If True (default), the text will be antialiased.
# This only affects the Agg backend.

# The following settings allow you to select the fonts in math mode.
# They map from a TeX font name to a fontconfig font pattern.

# These settings are only used if mathtext.fontset is ’custom’.

# Note that this "custom" mode is unsupported and may go away in the
# future.

#mathtext.cal : cursive

#mathtext.rm : serif
#mathtext.tt : monospace
#mathtext.it : serif:italic
#mathtext.bf : serif:bold
#mathtext.sf : sans

#mathtext.fontset : cm # Should be 'cm’ (Computer Modern), ’stix’,
# ’stixsans’ or ’'custom’
#mathtext.fallback_to_cm : True # When True, use symbols from the Computer Modern
# fonts when a symbol can not be found in one of
# the custom math fonts.

#mathtext.default : it # The default font to use for math.
# Can be any of the LaTeX font names, including
# the special name "regular" for the same font
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# used in regular text.

### AXES

# default face and edge color, default tick sizes,

# default fontsizes for ticklabels, and so on. See

# http://matplotlib. sourceforge net/api/axes_api.html#module-matplotlib.axes

#axes.hold : True # whether to clear the axes by default on

#axes.facecolor : white # axes background color

#axes.edgecolor : black # axes edge color

#axes.linewidth 1.0 # edge linewidth

#axes.grid : False # display grid or not

#axes.titlesize : large # fontsize of the axes title

#axes.labelsize : medium # fontsize of the x any y labels

#axes.labelweight : normal # weight of the x and y labels

#axes.labelcolor : black

#axes.axisbelow : False # whether axis gridlines and ticks are below
# the axes elements (lines, text, etc)

#axes.formatter.limits : -7, 7 # use scientific notation if logl®

# of the axis range is smaller than the
# first or larger than the second
#axes.formatter.use_locale : False # When True, format tick labels
# according to the user’s locale.

# For example, use ’,’ as a decimal
# separator in the fr_FR locale.
#axes.unicode_minus : True # use unicode for the minus symbol

# rather than hyphen. See
# http://en.wikipedia.org/wiki/Plus_and_minus_signs#Character_codes
#axes.color_cycle :b, g, r, c, m vy, k # color cycle for plot lines
# as list of string colorspecs:
# single letter, long name, or
# web-style hex

#polaraxes.grid : True # display grid on polar axes

#axes3d.grid : True # display grid on 3d axes

### TICKS

# see http://matplotlib.sourceforge.net/api/axis_api.html#matplotlib.axis.Tick
#xtick.major.size 1 4 # major tick size in points
#xtick.minor.size : 2 # minor tick size in points
#xtick.major.width : 0.5 # major tick width in points
#xtick.minor.width : 0.5 # minor tick width in points
#xtick.major.pad : 4 # distance to major tick label in points
#xtick.minor.pad : 4 # distance to the minor tick label in points
#xtick.color t k # color of the tick labels

#xtick.labelsize : medium # fontsize of the tick labels
#xtick.direction ! in # direction: in or out

#ytick.major.size : 4 # major tick size in points
#ytick.minor.size : 2 # minor tick size in points
#ytick.major.width : 0.5 # major tick width in points
#ytick.minor.width : 0.5 # minor tick width in points
#ytick.major.pad : 4 # distance to major tick label in points
#ytick.minor.pad 1 4 # distance to the minor tick label in points
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#ytick.color : k # color of the tick labels
#ytick.labelsize : medium # fontsize of the tick labels
#ytick.direction : in # direction: in or out
### GRIDS
#grid.color : black # grid color
#grid.linestyle : : # dotted
#grid.linewidth : 0.5 # in points
### Legend
#legend. fancybox : False # if True, use a rounded box for the
# legend, else a rectangle
#legend.isaxes : True
#legend.numpoints : 2 # the number of points in the legend line
#legend. fontsize : large
#legend.pad : 0.0 # deprecated; the fractional whitespace inside the legend border
#legend.borderpad : 0.5 # border whitespace in fontsize units
#legend.markerscale : 1.0 # the relative size of legend markers vs. original
# the following dimensions are in axes coords
#legend.labelsep : 0.010 # deprecated; the vertical space between the legend entries
#legend.labelspacing : 0.5 # the vertical space between the legend entries in fraction of fontsize
#legend.handlelen : 0.05 # deprecated; the length of the legend lines

#legend.handlelength 2. # the length of the legend lines in fraction of fontsize
#legend.handleheight 0.7 # the height of the legend handle in fraction of fontsize
#legend.handletextsep : 0.02 # deprecated; the space between the legend line and legend text
#legend.handletextpad : 0.8 # the space between the legend line and legend text in fraction of fonts
#legend.axespad 0.02 # deprecated; the border between the axes and legend edge
#legend.borderaxespad : 0.5 # the border between the axes and legend edge in fraction of fontsize

2

#legend.columnspacing : # the border between the axes and legend edge in fraction of fontsize

#legend. shadow : False

#legend. frameon : True # whether or not to draw a frame around legend

### FIGURE

# See http://matplotlib.sourceforge.net/api/figure_api.html#matplotlib.figure.Figure
#figure.figsize : 8, 6 # figure size in inches

#figure.dpi : 80 # figure dots per inch

#figure. facecolor : 0.75 # figure facecolor; 0.75 is scalar gray

#figure.edgecolor : white # figure edgecolor

# The figure subplot parameters. All dimensions are a fraction of the
# figure width or height

#figure.subplot.left : 0.125 # the left side of the subplots of the figure
#figure.subplot.right : 0.9 # the right side of the subplots of the figure
#figure.subplot.bottom : 0.1 # the bottom of the subplots of the figure

#figure.subplot.top : 0.9 # the top of the subplots of the figure

#figure.subplot.wspace : 0.2 # the amount of width reserved for blank space between subplots
#figure.subplot.hspace : 0.2 # the amount of height reserved for white space between subplots
### IMAGES

#image.aspect : equal # equal | auto | a number

#image.interpolation : bilinear # see help(imshow) for options

#image.cmap : jet # gray | jet etc...
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#image.lut : 256
#image.origin : upper

#image.resample : False

### CONTOUR PLOTS

#contour.negative_linestyle :

### Agg rendering

# the size of the colormap lookup table
# lower | upper

dashed # dashed | solid

### Warning: experimental, 2008/10/10

#agg.path.chunksize :

### SAVING FIGURES
#path.simplify : True

0

# 0 to disable; values in the range

10000 to 100000 can improve speed slightly
and prevent an Agg rendering failure

when plotting very large data sets,
especially if they are very gappy.

It may cause minor artifacts, though.

A value of 20000 is probably a good
starting point.

FH oH OH W B W R

# When True, simplify paths by removing "invisible"
# points to reduce file size and increase rendering
# speed
#path.simplify_threshold :

0.1 # The threshold of similarity below which

# vertices will be removed in the simplification
# process

#path.snap : True # When True, rectilinear axis-aligned paths will be snapped to
# the nearest pixel when certain criteria are met. When False,
# paths will never be snapped.

# the default savefig params can be different from the display params
# Eg, you may want a higher resolution, or to make the figure

# background white
#savefig.dpi
#savefig. facecolor :
#savefig.edgecolor :
#savefig.extension :

#cairo. format

# tk backend params
#tk.window_focus

# ps backend params
#ps.papersize
#ps.useafm
#ps.usedistiller

#ps.distiller.res
#ps. fonttype

# pdf backend params
#pdf.compression

100
white
white
auto

: png

: False

: letter
: False
: False

: 6000

#
#
#
#

#

figure dots per inch

figure facecolor when saving

figure edgecolor when saving

what extension to use for savefig(’foo’), or ’auto’

png, ps, pdf, svg

Maintain shell focus for TkAgg

auto, letter, legal, ledger, A0-A10, BO-B10O
use of afm fonts, results in small files
can be: None, ghostscript or xpdf
# Experimental: may produce smaller files.
# xpdf intended for production of publication quality files,
# but requires ghostscript, xpdf and ps2eps
# dpi
# Output Type 3 (Type3) or Type 42 (TrueType)

: 6 # integer from 0O to 9
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# 0 disables compression (good for debugging)
#pdf. fonttype : 3 # Output Type 3 (Type3) or Type 42 (TrueType)

# svg backend params

#svg.image_inline : True # write raster image data directly into the svg file
#svg.image_noscale : False # suppress scaling of raster data embedded in SVG
#svg.fonttype : ’path’ # How to handle SVG fonts:

# 'none’: Assume fonts are installed on the machine where the SVG will be viewed.
# ’path’: Embed characters as paths -- supported by most SVG renderers

# ’svgfont’: Embed characters as SVG fonts -- supported only by Chrome,

# Opera and Safari

# docstring params
#docstring.hardcopy = False # set this when you want to generate hardcopy docstring

Set the verbose flags. This controls how much information

matplotlib gives you at runtime and where it goes. The verbosity

levels are: silent, helpful, debug, debug-annoying. Any level is
inclusive of all the levels below it. If your setting is "debug",
you’ll get all the debug and helpful messages. When submitting
problems to the mailing-list, please set verbose to "helpful" or "debug"
and paste the output into your report.

These objects can a filename, or a filehandle like sys.stdout.

You can override the rc default verbosity from the command line by
giving the flags --verbose-LEVEL where LEVEL is one of the legal
levels, eg --verbose-helpful.

You can access the verbose instance in your code
from matplotlib import verbose.
#verbose.level : silent # one of silent, helpful, debug, debug-annoying
#verbose.fileo : sys.stdout # a log filename, sys.stdout or sys.stderr

#
#
#
#
#
#
#
#
# The "fileo" gives the destination for any calls to verbose.report.
#
#
#
#
#
#
#
#

# Event keys to interact with figures/plots via keyboard.
# Customize these settings according to your needs.

# Leave the field(s) empty if you don’t need a key-map. (i.e., fullscreen : ’’)
#keymap.fullscreen : f # toggling

#keymap.home : h, r, home # home or reset mnemonic

#keymap.back : left, c, backspace # forward / backward keys to enable
#keymap. forward : right, v # left handed quick navigation
#keymap.pan : p # pan mnemonic

#keymap.zoom : o # zoom mnemonic

#keymap.save : s # saving current figure

#keymap.grid : ¢ # switching on/off a grid in current axes
#keymap.yscale : 1 # toggle scaling of y-axes (’log’/’linear’)
#keymap.xscale : L, k # toggle scaling of x-axes (’log’/’linear’)
#keymap.all_axes : a # enable all axes

# Control downloading of example data. Various examples download some
# data from the Matplotlib git repository to avoid distributing extra
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# files, but sometimes you want to avoid that. In that case set
# examples.download to False and examples.directory to the directory
# where you have a checkout of https://github.com/matplotlib/sample_data

examples.download : False # False to bypass downloading mechanism
examples.directory : ’/usr/share/matplotlib/sampledata’ # absolute directory to look in if download i
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CHAPTER
SIX

USING MATPLOTLIB IN A PYTHON
SHELL

By default, matplotlib defers drawing until the end of the script because drawing can be an expensive oper-
ation, and you may not want to update the plot every time a single property is changed, only once after all
the properties have changed.

But when working from the python shell, you usually do want to update the plot with every command, eg,
after changing the xlabel (), or the marker style of a line. While this is simple in concept, in practice it
can be tricky, because matplotlib is a graphical user interface application under the hood, and there are some
tricks to make the applications work right in a python shell.

6.1 Ipython to the rescue

Fortunately, ipython, an enhanced interactive python shell, has figured out all of these tricks, and is mat-
plotlib aware, so when you start ipython in the pylab mode.

johnh@flag:~> ipython -pylab
Python 2.4.5 (#4, Apr 12 2008, 09:09:16)
IPython 0.9.0 -- An enhanced Interactive Python.

Welcome to pylab, a matplotlib-based Python environment.
For more information, type ’'help(pylab)’.

In [1]: x = randn(10000)
In [2]: hist(x, 100)

it sets everything up for you so interactive plotting works as you would expect it to. Call figure() and a
figure window pops up, call plot () and your data appears in the figure window.

Note in the example above that we did not import any matplotlib names because in pylab mode, ipython will
import them automatically. ipython also turns on interactive mode for you, which causes every pyplot com-
mand to trigger a figure update, and also provides a matplotlib aware run command to run matplotlib scripts
efficiently. ipython will turn off interactive mode during a run command, and then restore the interactive
state at the end of the run so you can continue tweaking the figure manually.
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There has been a lot of recent work to embed ipython, with pylab support, into various GUI applications, so
check on the ipython mailing list for the latest status.

6.2 Other python interpreters

If you can’t use ipython, and still want to use matplotlib/pylab from an interactive python shell, eg the plain-
ole standard python interactive interpreter, or the interpreter in your favorite IDE, you are going to need to
understand what a matplotlib backend is What is a backend?.

With the TkAgg backend, that uses the Tkinter user interface toolkit, you can use matplotlib from an arbi-
trary python shell. Just set your backend : TkAgg and interactive : True in your matplotlibrc
file (see Customizing matplotlib) and fire up python. Then:

>>> from pylab import *
>>> plot([1,2,3])
>>> xlabel(’hi mom’)

should work out of the box. Note, in batch mode, ie when making figures from scripts, interactive mode can
be slow since it redraws the figure with each command. So you may want to think carefully before making
this the default behavior.

For other user interface toolkits and their corresponding matplotlib backends, the situation is complicated by
the GUI mainloop which takes over the entire process. The solution is to run the GUI in a separate thread,
and this is the tricky part that ipython solves for all the major toolkits that matplotlib supports. There are
reports that upcoming versions of pygtk will place nicely with the standard python shell, so stay tuned.

6.3 Controlling interactive updating

The interactive property of the pyplot interface controls whether a figure canvas is drawn on every pyplot
command. If interactive is False, then the figure state is updated on every plot command, but will only be
drawn on explicit calls to draw (). When interactive is True, then every pyplot command triggers a draw.

The pyplot interface provides 4 commands that are useful for interactive control.
isinteractive() returns the interactive setting True|False

ion() turns interactive mode on

ioff() turns interactive mode off

draw() forces a figure redraw

When working with a big figure in which drawing is expensive, you may want to turn matplotlib’s interactive
setting off temporarily to avoid the performance hit:

>>> #create big-expensive-figure

>>> ioff() # turn updates off

>>> title(’now how much would you pay?’)
>>> xticklabels(fontsize=20, color="green’)
>>> draw() # force a draw

>>> savefig(’alldone’, dpi=300)
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>>> close()
>>> ion() # turn updating back on
>>> plot(rand(20), mfc="g’, mec="r’, ms=40, mew=4, 1ls="--’, 1lw=3)
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CHAPTER
SEVEN

WORKING WITH TEXT

7.1 Text introduction

matplotlib has excellent text support, including mathematical expressions, truetype support for raster and
vector outputs, newline separated text with arbitrary rotations, and unicode support. Because we embed the
fonts directly in the output documents, eg for postscript or PDF, what you see on the screen is what you get
in the hardcopy. freetype2 support produces very nice, antialiased fonts, that look good even at small raster
sizes. matplotlib includes its own matplotlib. font_manager, thanks to Paul Barrett, which implements
a cross platform, W3C compliant font finding algorithm.

You have total control over every text property (font size, font weight, text location and color, etc) with
sensible defaults set in the rc file. And significantly for those interested in mathematical or scientific fig-
ures, matplotlib implements a large number of TeX math symbols and commands, to support mathematical
expressions anywhere in your figure.

7.2 Basic text commands

The following commands are used to create text in the pyplot interface
e text() - add text at an arbitrary location to the Axes; matplotlib.axes.Axes.text() inthe APL
e xlabel () - add an axis label to the x-axis; matplotlib.axes.Axes.set_xlabel () in the APL
e ylabel() - add an axis label to the y-axis; matplotlib.axes.Axes.set_ylabel () in the APL
e title() - add atitle to the Axes; matplotlib.axes.Axes.set_title() in the API.

e figtext() - add text at an arbitrary location to the Figure; matplotlib. figure.Figure.text()
in the API.

e suptitle() - add atitle to the Figure; matplotlib. figure.Figure.suptitle() in the APIL

e annotate() - add an annotation, with optional arrow, to the Axes ;
matplotlib.axes.Axes.annotate() in the APL

All of these functions create and return a matplotlib.text.Text () instance, which can bew configured
with a variety of font and other properties. The example below shows all of these commands in action.
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# -*- coding: utf-8 -*-
import matplotlib.pyplot as plt

fig = plt.figure()
fig.suptitle(’bold figure suptitle’, fontsize=14, fontweight="bold’)

ax = fig.add_subplot(111)
fig.subplots_adjust(top=0.85)

ax.set_title(’axes title’)

ax.set_xlabel(’xlabel’)
ax.set_ylabel(’ylabel’)

ax.text(3, 8, ’'boxed italics text in data coords’, style=’italic’,
bbox={’facecolor’:’red’, ’alpha’:0.5, ’pad’:10})

ax.text(2, 6, r’an equation: $E=mc*2$’, fontsize=15)
ax.text(3, 2, unicode(’unicode: Institut f\374r Festk\366rperphysik’, ’latin-1’))
ax.text(0.95, 0.01, ’colored text in axes coords’,

verticalalignment="bottom’, horizontalalignment="right’,

transform=ax.transAxes,
color="green’, fontsize=15)

ax.plot([2], [1], '07)
ax.annotate(’annotate’, xy=(2, 1), xytext=(3, 4),
arrowprops=dict(facecolor="black’, shrink=0.05))

ax.axis([0, 10, 0, 10])

plt.show()
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7.3 Text properties and layout

The matplotlib.text.Text instances have a variety of properties which can be configured via keyword
arguments to the text commands (eg title(), xlabel () and text()).
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Property Value Type

alpha float

backgroundcolor any matplotlib color

bbox rectangle prop dict plus key ‘pad’ which is a pad in points
clip_box a matplotlib.transform.Bbox instance

clip_on [True | False]

clip_path a Path instance and a Transform instance, a Patch

color any matplotlib color

family [ “serif’ | ‘sans-serif’ | ‘cursive’ | ‘fantasy’ | ‘monospace’ ]
fontproperties a matplotlib.font_manager.FontProperties instance
horizontalalignment or ha | [ ‘center’ | ‘right’ | ‘left’ ]

label any string

linespacing float

multialignment [’left’ | ‘right’ | ‘center’ ]

name or fontname string eg, [’Sans’ | ‘Courier’ | ‘Helvetica’ ...]

picker [None|float|boolean|callable]

position x,y)

rotation [ angle in degrees ‘vertical’ | ‘horizontal’

size or fontsize

[ size in points | relative size eg ‘smaller’, ‘x-large’ ]

style or fontstyle

[ ‘normal’ | ‘italic’ | ‘oblique’]

text string or anything printable with ‘%s’ conversion
transform a matplotlib.transform transformation instance
variant [ ‘normal’ | ‘small-caps’ ]

verticalalignment or va

[ ‘center’ | ‘top’ | ‘bottom’ | ‘baseline’ ]

visible

[True | False]

weight or fontweight

[ ‘normal’ | ‘bold’ | ‘heavy’ | ‘light’ | ‘ultrabold’ | ‘ultralight’]

X float
y float
zorder any number

You can layout text with the alignment arguments horizontalalignment, verticalalignment, and
multialignment. horizontalalignment controls whether the x positional argument for the text in-
dicates the left, center or right side of the text bounding box. verticalalignment controls whether
the y positional argument for the text indicates the bottom, center or top side of the text bounding box.
multialignment, for newline separated strings only, controls whether the different lines are left, center or
right justified. Here is an example which uses the text () command to show the various alignment possibil-
ities. The use of transform=ax.transAxes throughout the code indicates that the coordinates are given
relative to the axes bounding box, with 0,0 being the lower left of the axes and 1,1 the upper right.

import matplotlib.pyplot as plt
import matplotlib.patches as patches

# build a rectangle in axes coords
left, width = .25, .5

bottom, height = .25, .5

right = left + width

top = bottom + height

fig = plt.figure()
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ax = fig.add_axes([0,0,1,1])

# axes coordinates are 0,0 is bottom left and 1,1 is upper right
p = patches.Rectangle(

(left, bottom), width, height,

fill=False, transform=ax.transAxes, clip_on=False

)
ax.add_patch(p)

ax.text(left, bottom, ’left top’,
horizontalalignment="1left’,
verticalalignment="top’,
transform=ax.transAxes)

ax.text(left, bottom, ’'left bottom’,
horizontalalignment="1left’,
verticalalignment="bottom’,
transform=ax.transAxes)

ax.text(right, top, ’right bottom’,
horizontalalignment="right’,
verticalalignment="bottom’,
transform=ax.transAxes)

ax.text(right, top, ’right top’,
horizontalalignment="right’,
verticalalignment="top’,
transform=ax.transAxes)

ax.text(right, bottom, ’center top’,
horizontalalignment=’center’,
verticalalignment="top’,
transform=ax.transAxes)

ax.text(left, 0.5*(bottom+top), ’'right center’,
horizontalalignment="right’,
verticalalignment="center’,
rotation="vertical’,
transform=ax.transAxes)

ax.text(left, 0.5*(bottom+top), ’left center’,
horizontalalignment="1left’,
verticalalignment="center’,
rotation=’"vertical’,
transform=ax.transAxes)

ax.text(0.5%*(left+right), 0.5*%(bottom+top), 'middle’,
horizontalalignment=’"center’,
verticalalignment="center’,
fontsize=20, color="red’,
transform=ax.transAxes)
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ax.text(right, 0.5*(bottom+top), ’centered’,
horizontalalignment="center’,
verticalalignment="center’,
rotation="vertical’,
transform=ax. transAxes)

ax.text(left, top, ’rotated\nwith newlines’,
horizontalalignment="center’,
verticalalignment="center’,
rotation=45,
transform=ax.transAxes)

ax.set_axis_off()
plt.show()

%

N
&)

S

right bottom
right top

5

middle

e |

right center
[eft center
CCTILTTTU

left bottom
lett top center top

7.4 Writing mathematical expressions

You can use a subset TeX markup in any matplotlib text string by placing it inside a pair of dollar signs ($).

Note that you do not need to have TeX installed, since matplotlib ships its own TeX expression parser, layout
engine and fonts. The layout engine is a fairly direct adaptation of the layout algorithms in Donald Knuth’s
TeX, so the quality is quite good (matplotlib also provides a usetex option for those who do want to call
out to TeX to generate their text (see Text rendering With LaTeX).

42 Chapter 7. Working with text



Matplotlib, Release 1.1.1rc2

Any text element can use math text. You should use raw strings (preceed the quotes with an "r’), and sur-
round the math text with dollar signs ($), as in TeX. Regular text and mathtext can be interleaved within the
same string. Mathtext can use the Computer Modern fonts (from (La)TeX), STIX fonts (with are designed
to blend well with Times) or a Unicode font that you provide. The mathtext font can be selected with the
customization variable mathtext.fontset (see Customizing matplotlib)

Note: On “narrow” builds of Python, if you use the STIX fonts you should also set ps.fonttype and
pdf. fonttype to 3 (the default), not 42. Otherwise some characters will not be visible.

Here is a simple example:

# plain text
plt.title(’alpha > beta’)

produces “alpha > beta”.
Whereas this:

# math text
plt.title(r’$\alpha > \beta$’)

produces “a > .

Note: Mathtext should be placed between a pair of dollar signs ($). To make it easy to display monetary
values, e.g. “$100.00”, if a single dollar sign is present in the entire string, it will be displayed verbatim as
a dollar sign. This is a small change from regular TeX, where the dollar sign in non-math text would have
to be escaped (‘$’).

Note: While the syntax inside the pair of dollar signs ($) aims to be TeX-like, the text outside does not. In
particular, characters such as:

#$%&~_ 2\ {}\C\\[\]

have special meaning outside of math mode in TeX. Therefore, these characters will behave differently
depending on the rcParam text.usetex flag. See the usetex tutorial for more information.

7.4.1 Subscripts and superscripts

To make subscripts and superscripts, use the ’_’ and ’*’ symbols:

r’$\alpha_i > \beta_i$’

a; >,8i (7.1)

Some symbols automatically put their sub/superscripts under and over the operator. For example, to write
the sum of x; from O to co, you could do:

7.4. Writing mathematical expressions 43


http://www.aip.org/stixfonts/
http://wordaligned.org/articles/narrow-python
http://thread.gmane.org/gmane.comp.python.matplotlib.general/19963/focus=19978

Matplotlib, Release 1.1.1rc2

r’$\sum_{i=0}r\infty x_i$’

X (7.2)

0
i=0

7.4.2 Fractions, binomials and stacked numbers

Fractions, binomials and stacked numbers can be created with the \frac{}{}, \binom{}{} and
\stackrel{}{} commands, respectively:

r’$\frac{3}{4} \binom{3}{4} \stackrel{3}{41}$’

produces
3(3\3
— 7.3
WL 13)
Fractions can be arbitrarily nested:
r’$\frac{5 - \frac{1}{x}}{41}$’
produces
5-1
- (7.4)
4

Note that special care needs to be taken to place parentheses and brackets around fractions. Doing things
the obvious way produces brackets that are too small:

r’$(\frac{5 - \frac{1}{x}}{4})§’

1
=) (7.5)

The solution is to precede the bracket with \left and \right to inform the parser that those brackets
encompass the entire object:

r’$\left (\frac{5 - \frac{1}{x}}{4}\right)$’

5-1
( ) ] (7.6)

7.4.3 Radicals

Radicals can be produced with the \sqrt[]{} command. For example:

r’$\sqrt{2}$’
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V2 (1.7)

Any base can (optionally) be provided inside square brackets. Note that the base must be a simple expres-
sion, and can not contain layout commands such as fractions or sub/superscripts:

r’$\sqrt[3]1{x}$’

Vx (7.8)

7.4.4 Fonts

The default font is italics for mathematical symbols.

Note: This default can be changed using the mathtext.default rcParam. This is useful, for example, to
use the same font as regular non-math text for math text, by setting it to regular.

To change fonts, eg, to write “sin” in a Roman font, enclose the text in a font command:

r’$s(t) = \mathcal{A}\mathrm{sin} (2 \omega t)$’

s(t) = Asin(2wt) (7.9)

More conveniently, many commonly used function names that are typeset in a Roman font have shortcuts.
So the expression above could be written as follows:

r’$s(t) = \mathcal{A}\sin(2 \omega t)$’

s(t) = Asinuwr) (7.10)

Here “s” and “t” are variable in italics font (default), “sin” is in Roman font, and the amplitude “A” is in
calligraphy font. Note in the example above the caligraphy A is squished into the sin. You can use a spacing
command to add a little whitespace between them:

s(t) = \mathcal{A}\/\sin(2 \omega t)

s(t) = Asin(Rwt) (7.11)
The choices available with all fonts are:
Command Result
\mathrm{Roman} Roman
\mathit{Italic} Italic
\mathtt{Typewriter} Typewriter
\mathcal {CALLIGRAPHY} | CALLIGRAPHY

When using the STIX fonts, you also have the choice of:
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Command Result
\mathbb{blackboard} <OTI~ON
\mathrm{\mathbb{blackboard}} | <OT=oO\
\mathfrak{Fraktur} Fraftur
\mathsf{sansserif} sansserif
\mathrm{\mathsf{sansserif}} sansserif

There are also three global “font sets” to choose from, which are selected using the mathtext. fontset
parameter in matplotlibre.

cm: Computer Modern (TeX)

’R H .sin(27 fx;)

.'+1

stix: STIX (designed to blend well with Times)
oo
R 1 aisin(2afxi)
[=aj
stixsans: STIX sans-serif
oo
R ] aisin(2nfx;)
I=aj
Additionally, you can use \mathdefault{...} orits alias \mathregular{. ..} to use the font used for
regular text outside of mathtext. There are a number of limitations to this approach, most notably that far

fewer symbols will be available, but it can be useful to make math expressions blend well with other text in
the plot.

Custom fonts

mathtext also provides a way to use custom fonts for math. This method is fairly tricky to use, and should
be considered an experimental feature for patient users only. By setting the rcParam mathtext. fontset
to custom, you can then set the following parameters, which control which font file to use for a particular
set of math characters.

Parameter Corresponds to
mathtext.it \mathit{} or default italic
mathtext.rm | \mathrm{} Roman (upright)
mathtext.tt \mathtt{} Typewriter (monospace)
mathtext.bf | \mathbf{} bold italic
mathtext.cal | \mathcal{} calligraphic
mathtext.sf \mathsf{} sans-serif
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Each parameter should be set to a fontconfig font descriptor (as defined in the yet-to-be-written font chapter).

The fonts used should have a Unicode mapping in order to find any non-Latin characters, such as Greek.
If you want to use a math symbol that is not contained in your custom fonts, you can set the rcParam
mathtext.fallback_to_cm to True which will cause the mathtext system to use characters from the
default Computer Modern fonts whenever a particular character can not be found in the custom font.

Note that the math glyphs specified in Unicode have evolved over time, and many fonts may not have glyphs
in the correct place for mathtext.

7.4.5 Accents

An accent command may precede any symbol to add an accent above it. There are long and short forms for
some of them.

Command Result
\acute aor\’a | a
\bar a a
\breve a a
\ddot aor\"a a
\dot aor\.a a

Q7

\grave aor\‘a
\hat aor\*a
\tilde aor\~a
\vec a

D

QU ™

\overline{abc} abc

In addition, there are two special accents that automatically adjust to the width of the symbols below:

Command Result
\widehat{xyz} xXyz
\widetilde{xyz} | Xz

Care should be taken when putting accents on lower-case i’s and j’s. Note that in the following \imath is
used to avoid the extra dot over the i:

r"$\hat i\ \ \hat \imath$"

~.D
~>

(7.12)

7.4.6 Symbols

You can also use a large number of the TeX symbols, as in \infty, \leftarrow, \sum, \int.

Lower-case Greek
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a \alpha B \beta x \chi 0 \delta F \digamma
e \epsilon | n\eta v \gamma t\iota k \kappa
A\lambda | g \mu y \nu w \omega ¢ \phi
7 \pi ¥ \psi p \rho o \sigma 7 \tau
6 \theta v\upsilon | ¢ \varepsilon | » \varkappa | ¢ \varphi
w \varpi o \varrho ¢ \varsigma ¥ \vartheta | £\xi
{\zeta
Upper-case Greek
A\Delta | ' \Gamma | A \Lambda | Q \Omega ® \Phi | IT\P1i
Y \Psi 2 \Sigma | @ \Theta | T \Upsilon | & \Xi U \mho
V \nabla
Hebrew
| N\aleph | J\beth | T\daleth | J\gimel |
Delimiters
// [ [ UJ \Downarrow | f} \Uparrow [| \Vert \ \backslash
| \downarrow | ( \langle | [ \1ceil [ \1floor L \1lcorner | J\lrcorner
Y \rangle T\rceil | \rfloor "\ulcorner | 7T \uparrow 7 \urcorner
| \vert {\{ I\ F\} 11 | |
Big symbols
N \bigcap U \bigcup | (-) \bigodot | 5 \bigoplus | (X) \bigotimes
1 \biguplus | \/ \bigvee | A \bigwedge | ][ \coprod f \int
f\oint IT \prod > \sum
Standard function names
Pr \Pr arccos \arccos | arcsin \arcsin | arctan \arctan
arg \arg cos \cos cosh \cosh cot \cot
coth \coth csc \csc deg \deg det \det
dim \dim exp \exp gcd \gcd hom \hom
inf \inf ker \ker Ig\1g lim \1lim
liminf \1iminf | limsup \limsup | In \1n log \log
max \max min \min sec \sec sin \sin
sinh \sinh sup \sup tan \tan tanh \tanh

Binary operation and relation symbols
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= \Bumpeq m \Cap U \Cup
=\Doteq > \Join € \Subset

5> \Supset I \Vdash I- \Vvdash

~ \approx ~ \approxeq * \ast

= \asymp 3 \backepsilon -~ \backsim

= \backsimeq A \barwedge " \because

0 \between O\bigcirc v \bigtriangledown
A\bigtriangleup | «\blacktriangleleft | » \blacktriangleright
1 \bot > \bowtie = \boxdot

B8 \boxminus B \boxplus X \boxtimes

e \bullet = \bumpeq N \cap

-\cdot o\circ = \circeq

:— \coloneq = \cong U \cup

Z \curlyeqgprec s \curlyeqgsucc Y \curlyvee

A \curlywedge T \dag 4 \dashv

1 \ddag o \diamond +\div

% \divideontimes | = \doteq = \doteqdot

+ \dotplus A \doublebarwedge = \eqcirc
—:\eqcolon ~ \eqgsim > \egslantgtr
Z \egslantless =\equiv =\fallingdotseq
~ \frown > \geq 2 \geqq

> \gegslant > \gg >> \ggg

% \gnapprox = \gneqq z \gnsim

2 \gtrapprox > \gtrdot Z \gtreqless

2 \gtreqgless | = \gtrless > \gtrsim

e\in T \intercal XN \leftthreetimes

<\leq <\leqq < \legslant

< \lessapprox | <\lessdot S \lesseqgtr

§ \lesseqqgtr | s \lessgtr < \lesssim

< \11 <« \111 < \1lnapprox

< \lneqq < \lnsim < \ltimes

| \mid E \models ¥ \mp

¥ \nVDash ¥ \nVdash # \napprox

# \ncong # \he # \neq

# \neq # \nequiv 7 \ngeq

# \ngtr > \ni £ \nleq

£ \nless £ \nmid ¢ \notin

K \nparallel < \nprec + \nsim

¢ \nsubset ¢ \nsubseteq | # \nsucc

2 \nsupset 2 \nsupseteq | # \ntriangleleft
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4 \ntrianglelefteq

¥ \ntriangleright

¥ \ntrianglerighteq

¥ \nvDash ¥ \nvdash ® \odot

© \ominus @ \oplus @ \oslash

® \otimes || \parallel 1 \perp

M \pitchfork + \pm < \prec

< \precapprox < \preccurlyeq < \preceq

< \precnapprox < \precnsim < \precsim

o \propto A \rightthreetimes | = \risingdotseq
< \rtimes ~\sim ~ \simeq

/ \slash — \smile M \sqcap

LI \sqcup C \sqsubset C \sqsubset

C \sgsubseteq

J\sqgsupset

J\sgsupset

J\sgsupseteq * \star C \subset

C \subseteq C \subseteqq C \subsetneq

¢ \subsetneqq > \succ % \succapprox
> \succcurlyeq > \succeq % \succnapprox
> \succnsim > \succsim D \supset

2 \supseteq 2 \supseteqq 2 \supsetneq

2 \supsetneqq .. \therefore X \times

T \top

<\triangleleft

<\trianglelefteq

£ \triangleq

> \triangleright

> \trianglerighteq

W \uplus

£ \vDash

« \varpropto

< \vartriangleleft

> \vartriangleright

+ \vdash

V \vee

V \veebar

A \wedge

L\Wr

Arrow symbols
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J \Downarrow

< \Leftarrow

o \Leftrightarrow

& \Lleftarrow

= \Longleftarrow

< \Longleftrightarrow

— \Longrightarrow 9\Lsh

/" \Nearrow RN \Nwarrow

= \Rightarrow = \Rrightarrow
” \Rsh N\ \Searrow

v \Swarrow 1t \Uparrow

{§ \Updownarrow

O \circlearrowleft

O \circlearrowright

A \curvearrowleft

~ \curvearrowright

¢<--\dashleftarrow

-->» \dashrightarrow

|l \downarrow

1l \downdownarrows

| \downharpoonleft

| \downharpoonright

« \hookleftarrow

< \hookrightarrow

~ \leadsto

— \leftarrow

«\leftarrowtail

— \leftharpoondown

~— \leftharpoonup

& \leftleftarrows

o \leftrightarrow

S \leftrightarrows

= \leftrightharpoons

«v» \leftrightsquigarrow | «~ \leftsquigarrow

«—— \longleftarrow

«— \longleftrightarrow

+— \longmapsto

—> \longrightarrow

«» \looparrowleft

+ \looparrowright

— \mapsto

—o \multimap

& \nLeftarrow

¢ \nLeftrightarrow

= \nRightarrow

/" \nearrow

«+ \nleftarrow

« \nleftrightarrow

-» \nrightarrow

N\ \nwarrow

— \rightarrow

> \rightarrowtail

— \rightharpoondown

— \rightharpoonup

2 \rightleftarrows

2 \rightleftarrows

= \rightleftharpoons

= \rightleftharpoons

33 \rightrightarrows

33 \rightrightarrows

~» \rightsquigarrow

N\, \searrow

v \swarrow

— \to

« \twoheadleftarrow

—» \twoheadrightarrow

T \uparrow

T \updownarrow

T \updownarrow

1 \upharpoonleft

I \upharpoonright

1T \upuparrows

[ L]

Miscellaneous symbols
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$\$ A\AA 4\Finv

O \Game I \Im I\P

R \Re §\S /\angle

\ \backprime % \bigstar m \blacksquare
A \blacktriangle | v\blacktriangledown | --- \cdots

v \checkmark ® \circledR ® \circledsS

& \clubsuit C \complement © \copyright
“-.\ddots ¢ \diamondsuit {\ell

0 \emptyset 0 \eth d\exists
b\flat ¥ \forall h \hbar

© \heartsuit h \hslash [[] \iiint

[ \iint [ \iint 1 \imath

oo \infty J \jmath ... \ldots

£ \measuredangle b \natural = \neg
A\nexists 9‘3@6 \oiiint 0 \partial

7 \prime # \sharp & \spadesuit

< \sphericalangle | \ss v \triangledown
@ \varnothing A\vartriangle :\vdots

9 \wp ¥ \yen

If a particular symbol does not have a name (as is true of many of the more obscure symbols in the STIX
fonts), Unicode characters can also be used:

ur’ $\u23ce$’

7.4.7 Example

Here is an example illustrating many of these features in context.

import numpy as np

import matplotlib.pyplot as plt
t = np.arange(0.0, 2.0, 0.01)

s = np.sin(2*np.pi*t)

plt.plot(t,s)

plt.title(r’$\alpha_i > \beta_i$’, fontsize=20)

plt.text(l, -0.6, r’$\sum_{i=0}+*\infty x_i$’, fontsize=20)

plt.text(0.6, 0.6, r’$\mathcal{A}\mathrm{sin}(2 \omega t)$’,
fontsize=20)

plt.xlabel(’time (s)’)

plt.ylabel(’volts (mV)’)
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1.0

0.5

0.0

volts (mV)

-0.5

—1.8.

2.0

7.5 Text rendering With LaTeX

Matplotlib has the option to use LaTeX to manage all text layout. This option is available with the following
backends:

o Agg
e PS
e PDF

The LaTeX option is activated by setting text.usetex : True in your rc settings. Text handling with
matplotlib’s LaTeX support is slower than matplotlib’s very capable mathtext, but is more flexible, since
different LaTeX packages (font packages, math packages, etc.) can be used. The results can be striking,
especially when you take care to use the same fonts in your figures as in the main document.

Matplotlib’s LaTeX support requires a working LaTeX installation, dvipng (which may be included with
your LaTeX installation), and Ghostscript (GPL Ghostscript 8.60 or later is recommended). The executables
for these external dependencies must all be located on your PATH.

There are a couple of options to mention, which can be changed using rc settings. Here is an example
matplotlibre file:
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font. family : serif

font.serif : Times, Palatino, New Century Schoolbook, Bookman, Computer Modern Roman
font.sans-serif : Helvetica, Avant Garde, Computer Modern Sans serif

font.cursive : Zapf Chancery

font.monospace : Courier, Computer Modern Typewriter

text.usetex : true

The first valid font in each family is the one that will be loaded. If the fonts are not specified, the Computer
Modern fonts are used by default. All of the other fonts are Adobe fonts. Times and Palatino each have their
own accompanying math fonts, while the other Adobe serif fonts make use of the Computer Modern math
fonts. See the PSNFSS documentation for more details.

To use LaTeX and select Helvetica as the default font, without editing matplotlibrc use:

from matplotlib import rc

rc(’ font’,**{’ family’: sans-serif’,’sans-serif’:[’Helvetica’]})
## for Palatino and other serif fonts use:
#rc(’font’,**{’family’:’serif’, ’serif’:[’Palatino’]})
rc(’text’, usetex=True)

Here is the standard example, fex_demo.py:

#!/usr/bin/env python

You can use TeX to render all of your matplotlib text if the rc
parameter text.usetex is set. This works currently on the agg and ps
backends, and requires that you have tex and the other dependencies
described at http://matplotlib.sf.net/matplotlib.texmanager.html
properly installed on your system. The first time you run a script
you will see a lot of output from tex and associated tools. The next
time, the run may be silent, as a lot of the information is cached in
~/.tex.cache

i

from matplotlib import rc

from numpy import arange, cos, pi

from matplotlib.pyplot import figure, axes, plot, xlabel, ylabel, title, \
grid, savefig, show

rc(’text’, usetex=True)

rc(’ font’, family='serif’)
figure(l, figsize=(6,4))

ax = axes([0.1, 0.1, 0.8, 0.7])
t = arange(0.0, 1.0+0.01, 0.01)
s = cos(2¥2%pi*t)+2

plot(t, s)

xlabel (r’\textbf{time (s)}’)

ylabel (r’\textit{voltage (mV)}’,fontsize=16)

title(r"\TeX\ is Number $\displaystyle\sum_{n=1}A\infty\frac{-er{i\pi}}{2+n}$!",
fontsize=16, color="r’)

grid(True)
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savefig(’tex_demo’)

show ()

Note that display math mode ($$ e=mcA2 $9$) is not supported, but adding the command \displaystyle,
as in tex_demo.py, will produce the same results.

Note: Certain characters require special escaping in TeX, such as:

#$%&~_ 2\ {}\C\O\\]

Therefore, these characters will behave differently depending on the rcParam text.usetex flag.

7.5.1 usetex with unicode

It is also possible to use unicode strings with the LaTeX text manager, here is an example taken from
tex_unicode_demo.py:

#!/usr/bin/env python

# -*- coding: utf-8 -*-

This demo is tex_demo.py modified to have unicode. See that file for

more information.

from matplotlib import rcParams

rcParams[’ text.usetex’]=True

rcParams[’text.latex.unicode’]=True

from numpy import arange, cos, pi

from matplotlib.pyplot import figure, axes, plot, xlabel, ylabel, title, \
grid, savefig, show

figure(l, figsize=(6,4))

ax = axes([0.1, 0.1, 0.8, 0.7])
t = arange(0.0, 1.0+0.01, 0.01)
s = cos(2¥2%pi*t)+2

plot(t, s)

xlabel (r’\textbf{time (s)}’)

ylabel (ur’\textit{Velocity (\u®0BO/sec)}’, fontsize=16)

title(r"\TeX\ is Number $\displaystyle\sum_{n=1}A\infty\frac{-er{i\pi}}{2+n}$!",
fontsize=16, color="r’)

grid(True)

show ()

7.5.2 Postscript options

In order to produce encapsulated postscript files that can be embedded in a new LaTeX document, the default
behavior of matplotlib is to distill the output, which removes some postscript operators used by LaTeX that
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are illegal in an eps file. This step produces results which may be unacceptable to some users, because
the text is coarsely rasterized and converted to bitmaps, which are not scalable like standard postscript, and
the text is not searchable. One workaround is to to set ps.distiller.res to a higher value (perhaps
6000) in your rc settings, which will produce larger files but may look better and scale reasonably. A better
workaround, which requires Poppler or Xpdf, can be activated by changing the ps.usedistiller rc setting
to xpd£. This alternative produces postscript without rasterizing text, so it scales properly, can be edited in
Adobe Illustrator, and searched text in pdf documents.

7.5.3 Possible hangups

On Windows, the PATH environment variable may need to be modified to include the directories
containing the latex, dvipng and ghostscript executables. See Environment Variables and Setting
environment variables in windows for details.

Using MiKTeX with Computer Modern fonts, if you get odd *Agg and PNG results, go to MiK-
TeX/Options and update your format files

The fonts look terrible on screen. You are probably running Mac OS, and there is some funny business
with older versions of dvipng on the mac. Set text.dvipnghack : True in your matplotlibre file.

On Ubuntu and Gentoo, the base texlive install does not ship with the typelcm package. You may
need to install some of the extra packages to get all the goodies that come bundled with other latex
distributions.

Some progress has been made so matplotlib uses the dvi files directly for text layout. This allows
latex to be used for text layout with the pdf and svg backends, as well as the *Agg and PS backends.
In the future, a latex installation may be the only external dependency.

7.5.4 Troubleshooting

e Try deleting your .matplotlib/tex.cache directory. If you don’t know where to find

.matplotlib, see .matplotlib directory location.
Make sure LaTeX, dvipng and ghostscript are each working and on your PATH.

Make sure what you are trying to do is possible in a LaTeX document, that your LaTeX syntax is valid
and that you are using raw strings if necessary to avoid unintended escape sequences.

Most problems reported on the mailing list have been cleared up by upgrading Ghostscript. If possible,
please try upgrading to the latest release before reporting problems to the list.

The text.latex.preamble rc setting is not officially supported. This option provides lots of flexi-
bility, and lots of ways to cause problems. Please disable this option before reporting problems to the
mailing list.

If you still need help, please see Report a problem

7.6 Annotating text

For a more detailed introduction to annotations, see Annotating Axes.
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The uses of the basic text () command above place text at an arbitrary position on the Axes. A common use
case of text is to annotate some feature of the plot, and the annotate () method provides helper functionality
to make annotations easy. In an annotation, there are two points to consider: the location being annotated
represented by the argument xy and the location of the text xytext. Both of these arguments are (x,y)
tuples.

import numpy as np
import matplotlib.pyplot as plt

fig = plt.figure()
ax = fig.add_subplot(111)

t = np.arange(0.0, 5.0, 0.01)
s = np.cos(2*np.pi*t)
line, = ax.plot(t, s, lw=2)

ax.annotate(’local max’, xy=(2, 1), xytext=(3, 1.5),
arrowprops=dict(facecolor="black’, shrink=0.05),

)
ax.set_ylim(-2,2)
plt.show()
2.0 I I I T

local max

- _ |

—-1.5 i

-2.0

In this example, both the xy (arrow tip) and xytext locations (text location) are in data coordinates. There
are a variety of other coordinate systems one can choose — you can specify the coordinate system of xy and
xytext with one of the following strings for xycoords and textcoords (default is ‘data’)
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argument coordinate system

‘figure points’ points from the lower left corner of the figure
‘figure pixels’ pixels from the lower left corner of the figure
“figure fraction’ | 0,0 is lower left of figure and 1,1 is upper, right
‘axes points’ points from lower left corner of axes

‘axes pixels’ pixels from lower left corner of axes

‘axes fraction’ 0,1 is lower left of axes and 1,1 is upper right
‘data’ use the axes data coordinate system

For example to place the text coordinates in fractional axes coordinates, one could do:

ax.annotate(’local max’, xy=(3, 1), xycoords=’'data’,
xytext=(0.8, 0.95), textcoords=’axes fraction’,
arrowprops=dict(facecolor="black’, shrink=0.05),
horizontalalignment="right’, verticalalignment="top’,

)

For physical coordinate systems (points or pixels) the origin is the (bottom, left) of the figure or axes. If
the value is negative, however, the origin is from the (right, top) of the figure or axes, analogous to negative
indexing of sequences.

Optionally, you can specify arrow properties which draws an arrow from the text to the annotated point by
giving a dictionary of arrow properties in the optional keyword argument arrowprops.

arrowprops key | description

width the width of the arrow in points

frac the fraction of the arrow length occupied by the head

headwidth the width of the base of the arrow head in points

shrink move the tip and base some percent away from the annotated point and text
*Fkwargs any key formatplotlib.patches.Polygon, e.g. facecolor

In the example below, the xy point is in native coordinates (xycoords defaults to ‘data’). For a polar
axes, this is in (theta, radius) space. The text in this example is placed in the fractional figure coordinate
system. matplotlib.text.Text keyword args like horizontalalignment, verticalalignment and
fontsize are passed from the ‘~matplotlib.Axes.annotate‘ to the ‘‘Text instance

import numpy as np
import matplotlib.pyplot as plt

fig = plt.figure()

ax = fig.add_subplot(111l, polar=True)

r = np.arange(0,1,0.001)

theta = 2*2*np.pi*r

line, = ax.plot(theta, r, color="#ee8d18’, 1lw=3)

ind = 800

thisr, thistheta = r[ind], theta[ind]

ax.plot([thistheta], [thisr], 'o’)

ax.annotate(’a polar annotation’,
xy=(thistheta, thisr), # theta, radius
xytext=(0.05, 0.05), # fraction, fraction
textcoords=’figure fraction’,
arrowprops=dict(facecolor="black’, shrink=0.05),
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horizontalalignment="1left’,
verticalalignment="bhottom’,

)
plt.show()
90°
1807
a polar annotation 270°

For more on all the wild and wonderful things you can do with annotations, including fancy arrows, see
Annotating Axes and pylab_examples-annotation_demo.
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CHAPTER
EIGHT

IMAGE TUTORIAL

8.1 Startup commands

At the very least, you’ll need to have access to the imshow() function. There are a couple of ways to do it.
The easy way for an interactive environment:

$ipython -pylab

The imshow function is now directly accessible (it’s in your namespace). See also Pyplot tutorial.

The more expressive, easier to understand later method (use this in your scripts to make it easier for others
(including your future self) to read) is to use the matplotlib API (see Artist tutorial) where you use explicit
namespaces and control object creation, etc...

In [1]: import matplotlib.pyplot as plt
In [2]: import matplotlib.image as mpimg
In [3]: import numpy as np

Examples below will use the latter method, for clarity. In these examples, if you use the -pylab method, you
can skip the “mpimg.” and “plt.” prefixes.

8.2 Importing image data into Numpy arrays

Plotting image data is supported by the Python Image Library (PIL), . Natively, matplotlib only supports
PNG images. The commands shown below fall back on PIL if the native read fails.

The image used in this example is a PNG file, but keep that PIL requirement in mind for your own data.

Here’s the image we’re going to play with:
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It’s a 24-bit RGB PNG image (8 bits for each of R, G, B). Depending on where you get your data, the other
kinds of image that you’ll most likely encounter are RGBA images, which allow for transparency, or single-
channel grayscale (luminosity) images. You can right click on it and choose “Save image as” to download
it to your computer for the rest of this tutorial.

And here we go...

In [4]: img=mpimg.imread(’stinkbug.png’)

Out[4]:

array([[[ 0.40784314, .40784314, .40784314],
[ 0.40784314, .40784314, .40784314],
[ 0.40784314, 0.40784314, 0.40784314],

(=]
(=]

(=]
(=]

[=]

[ 0.42745098, 0.42745098, .42745098]7,
[ 0.42745098, 0.42745098, .42745098]7,
[ 0.42745098, 0.42745098, 0.42745098]1,

[=]

[[ 0.41176471, 0.41176471, .41176471]7,
[ 0.41176471, .41176471, .41176471]7,
[ 0.41176471, 0.41176471, 0.41176471],

(=]

(=]
(=]

0.42745098,

[ 0.42745098, 0.42745098],
[ 0.42745098, 0.42745098, 0.42745098],
[ 0.42745098, 0.42745098, 0.42745098]],
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[[ 0.41960785, 0.41960785, 0.41960785],
[ 0.41568628, 0.41568628, 0.41568628],
[ 0.41568628, 0.41568628, 0.41568628],
[ 0.43137255, 0.43137255, 0.43137255],
[ 0.43137255, 0.43137255, 0.43137255],
[ 0.43137255, ©0.43137255, 0.43137255]1,

[[ 0.43921569, 0.43921569, 0.43921569],
[ 0.43529412, 0.43529412, 0.43529412],
[ 0.43137255, ©0.43137255, 0.43137255],
[ 0.45490196, 0.45490196, 0.45490196],
[ 0.4509804 , 0.4509804 , 0.4509804 ],
[ 0.4509804 , 0.4509804 , 0.4509804 11,

[[ 0.44313726, 0.44313726, 0.44313726],
[ 0.44313726, 0.44313726, 0.44313726],
[ 0.43921569, 0.43921569, 0.43921569],
[ 0.4509804 , 0.4509804 , 0.4509804 ],
[ 0.44705883, 0.44705883, 0.44705883],
[ 0.44705883, 0.44705883, 0.44705883]11,

[[ 0.44313726, 0.44313726, 0.44313726],
[ 0.4509804 , 0.4509804 , 0.4509804 1],
[ 0.4509804 , 0.4509804 , 0.4509804 ],
[ 0.44705883, 0.44705883, 0.44705883],
[ 0.44705883, 0.44705883, 0.44705883],
[ 0.44313726, 0.44313726, 0.44313726]1], dtype=float32)

Note the dtype there - float32. Matplotlib has rescaled the 8 bit data from each channel to floating point data
between 0.0 and 1.0. As a side note, the only datatype that PIL can work with is uint8. Matplotlib plotting
can handle float32 and uint8, but image reading/writing for any format other than PNG is limited to uint8
data. Why 8 bits? Most displays can only render 8 bits per channel worth of color gradation. Why can they
only render 8 bits/channel? Because that’s about all the human eye can see. More here (from a photography
standpoint): Luminous Landscape bit depth tutorial.

Each inner list represents a pixel. Here, with an RGB image, there are 3 values. Since it’s a black and white
image, R, G, and B are all similar. An RGBA (where A is alpha, or transparency), has 4 values per inner list,
and a simple luminance image just has one value (and is thus only a 2-D array, not a 3-D array). For RGB
and RGBA images, matplotlib supports float32 and uint8 data types. For grayscale, matplotlib supports only
float32. If your array data does not meet one of these descriptions, you need to rescale it.

8.3 Plotting numpy arrays as images

So, you have your data in a numpy array (either by importing it, or by generating it). Let’s render it. In
Matplotlib, this is performed using the imshow() function. Here we’ll grab the plot object. This object
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gives you an easy way to manipulate the plot from the prompt.

In [5]: imgplot = plt.imshow(img)
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You can also plot any numpy array - just remember that the datatype must be float32 (and range from 0.0 to
1.0) or uint8.

8.3.1 Applying pseudocolor schemes to image plots

Pseudocolor can be a useful tool for enhancing contrast and visualizing your data more easily. This is
especially useful when making presentations of your data using projectors - their contrast is typically quite
poor.

Pseudocolor is only relevant to single-channel, grayscale, luminosity images. We currently have an RGB
image. Since R, G, and B are all similar (see for yourself above or in your data), we can just pick on channel
of our data:

In [6]: lum_img = img[:,:,0]

This is array slicing. You can read more in the Numpy tutorial.

In [7]: imgplot = mpimg.imshow(lum_img)
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Now, with a luminosity image, the default colormap (aka lookup table, LUT), is applied. The default is
called jet. There are plenty of others to choose from. Let’s set some others using the set_cmap () method
on our image plot object:

In [8]: imgplot.set_cmap(’hot’)
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In [9]: imgplot.set_cmap(’spectral’)
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There are many other colormap schemes available. See the list and images of the colormaps.

8.3.2 Color scale reference

It’s helpful to have an idea of what value a color represents. We can do that by adding color bars. It’s as
easy as one line:

In [10]: plt.colorbar()
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This adds a colorbar to your existing figure. This won’t automatically change if you change you switch to a
different colormap - you have to re-create your plot, and add in the colorbar again.

8.3.3 Examining a specific data range

Sometimes you want to enhance the contrast in your image, or expand the contrast in a particular region
while sacrificing the detail in colors that don’t vary much, or don’t matter. A good tool to find interesting
regions is the histogram. To create a histogram of our image data, we use the hist () function.

In[10]: plt.hist(lum_img.flatten(), 256, range=(0.0,1.0), fc="k’, ec="k’)
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Most often, the “interesting” part of the image is around the peak, and you can get extra contrast by clipping
the regions above and/or below the peak. In our histogram, it looks like there’s not much useful information
in the high end (not many white things in the image). Let’s adjust the upper limit, so that we effectively
“zoom in on” part of the histogram. We do this by calling the set_clim() method of the image plot object.

In[11]: imgplot.set_clim=(0.0,0.7)
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8.3.4 Array Interpolation schemes

Interpolation calculates what the color or value of a pixel “should” be, according to different mathematical
schemes. One common place that this happens is when you resize an image. The number of pixels change,
but you want the same information. Since pixels are discrete, there’s missing space. Interpolation is how
you fill that space. This is why your images sometimes come out looking pixelated when you blow them
up. The effect is more pronounced when the difference between the original image and the expanded image
is greater. Let’s take our image and shrink it. We’re effectively discarding pixels, only keeping a select few.
Now when we plot it, that data gets blown up to the size on your screen. The old pixels aren’t there anymore,
and the computer has to draw in pixels to fill that space.

In [8]: import Image

In [9]: img = Image.open(’stinkbug.png’) # Open image as PIL image object

In [10]: rsize = img.resize((img.size[0]/10,img.size[1]/10)) # Use PIL to resize
In [11]: rsizeArr = np.asarray(rsize) # Get array back

In [12]: imgplot = mpimg.imshow(rsizeArr)
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Here we have the default interpolation, bilinear, since we did not give imshow () any interpolation argument.
Let’s try some others:

In [10]: imgplot.set_interpolation(’nearest’)
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In [10]: imgplot.set_interpolation(’bicubic’)
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Bicubic interpolation is often used when blowing up photos - people tend to prefer blurry over pixelated.
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CHAPTER
NINE

ARTIST TUTORIAL

There are three layers to the matplotlib API. The matplotlib.backend_bases.FigureCanvas is the area
onto which the figure is drawn, the matplotlib.backend_bases.Renderer is the object which knows
how to draw on the FigureCanvas, and the matplotlib.artist.Artist is the object that knows how to
use a renderer to paint onto the canvas. The FigureCanvas and Renderer handle all the details of talking
to user interface toolkits like wxPython or drawing languages like PostScript®), and the Artist handles all
the high level constructs like representing and laying out the figure, text, and lines. The typical user will
spend 95% of his time working with the Artists.

There are two types of Artists: primitives and containers. The primitives represent the standard graph-
ical objects we want to paint onto our canvas: Line2D, Rectangle, Text, AxesImage, etc., and the
containers are places to put them (Axis, Axes and Figure). The standard use is to create a Figure
instance, use the Figure to create one or more Axes or Subplot instances, and use the Axes instance
helper methods to create the primitives. In the example below, we create a Figure instance using
matplotlib.pyplot.figure(), which is a convenience method for instantiating Figure instances and
connecting them with your user interface or drawing toolkit FigureCanvas. As we will discuss below,
this is not necessary — you can work directly with PostScript, PDF Gtk+, or wxPython FigureCanvas in-
stances, instantiate your Figures directly and connect them yourselves — but since we are focusing here on
the Artist API we’ll let pyplot handle some of those details for us:

import matplotlib.pyplot as plt
fig = plt.figure()
ax = fig.add_subplot(2,1,1) # two rows, one column, first plot

The Axes is probably the most important class in the matplotlib API, and the one you will be working with
most of the time. This is because the Axes is the plotting area into which most of the objects go, and the
Axes has many special helper methods (plot (), text(), hist (), imshow()) to create the most common
graphics primitives (Line2D, Text, Rectangle, Image, respectively). These helper methods will take your
data (eg. numpy arrays and strings) and create primitive Artist instances as needed (eg. Line2D), add
them to the relevant containers, and draw them when requested. Most of you are probably familiar with the
Subplot, which is just a special case of an Axes that lives on a regular rows by columns grid of Subplot
instances. If you want to create an Axes at an arbitrary location, simply use the add_axes () method which
takes a list of [1eft, bottom, width, height] values in 0-1 relative figure coordinates:

fig2 = plt.figure()
ax2 = fig2.add_axes([0.15, 0.1, 0.7, 0.3])

Continuing with our example:
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import numpy as np

t = np.arange(0.0, 1.0, 0.01)

s = np.sin(2*np.pi*t)

line, = ax.plot(t, s, color="blue’, lw=2)

In this example, ax is the Axes instance created by the fig.add_subplot call above (remember Subplot
is just a subclass of Axes) and when you call ax.plot, it creates a Line2D instance and adds it to the
Axes.lines list. In the interactive ipython session below, you can see that the Axes.lines list is length
one and contains the same line that was returned by the line, = ax.plot... call:

In [101]: ax.lines[0]
Out[101]: <matplotlib.lines.Line2D instance at 0x19a95710>

In [102]: line
Out[102]: <matplotlib.lines.Line2D instance at 0x19a95710>

If you make subsequent calls to ax.plot (and the hold state is “on” which is the default) then additional
lines will be added to the list. You can remove lines later simply by calling the list methods; either of these
will work:

del ax.lines[0]
ax.lines.remove(line) # one or the other, not both!

The Axes also has helper methods to configure and decorate the x-axis and y-axis tick, tick labels and axis
labels:

xtext = ax.set_xlabel('my xdata’) # returns a Text instance
ytext = ax.set_ylabel('my xdata’)

When you call ax.set_xlabel, it passes the information on the Text instance of the XAxis. Each Axes
instance contains an XAxis and a YAxis instance, which handle the layout and drawing of the ticks, tick
labels and axis labels.

Try creating the figure below.
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9.1 Customizing your objects

Every element in the figure is represented by a matplotlib Artist, and each has an extensive list of properties
to configure its appearance. The figure itself contains a Rectangle exactly the size of the figure, which you
can use to set the background color and transparency of the figures. Likewise, each Axes bounding box (the
standard white box with black edges in the typical matplotlib plot, has a Rectangle instance that determines
the color, transparency, and other properties of the Axes. These instances are stored as member variables
Figure.patch and Axes.patch (“Patch” is a name inherited from MATLAB, and is a 2D “patch” of color
on the figure, eg. rectangles, circles and polygons). Every matplotlib Artist has the following properties
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Property | Description

alpha The transparency - a scalar from 0-1
animated | A boolean that is used to facilitate animated drawing
axes The axes that the Artist lives in, possibly None

clip_box The bounding box that clips the Artist
clip_on Whether clipping is enabled
clip_path | The path the artist is clipped to

contains A picking function to test whether the artist contains the pick point
figure The figure instance the artist lives in, possibly None

label A text label (eg. for auto-labeling)

picker A python object that controls object picking

transform | The transformation

visible A boolean whether the artist should be drawn

zorder A number which determines the drawing order

Each of the properties is accessed with an old-fashioned setter or getter (yes we know this irritates Python-
istas and we plan to support direct access via properties or traits but it hasn’t been done yet). For example,
to multiply the current alpha by a half:

a = o.get_alpha(Q)
o.set_alpha(0.5%a)

If you want to set a number of properties at once, you can also use the set method with keyword arguments.
For example:

o.set(alpha=0.5, zorder=2)

If you are working interactively at the python shell, a handy way to inspect the Artist properties is to use
the matplotlib.artist.getp() function (simply getp() in pylab), which lists the properties and their
values. This works for classes derived from Artist as well, eg. Figure and Rectangle. Here are the
Figure rectangle properties mentioned above:

In [149]: matplotlib.artist.getp(fig.patch)
alpha = 1.0
animated = False
antialiased or aa = True
axes = None
clip_box = None
clip_on = False
clip_path = None
contains = None
edgecolor or ec = w
facecolor or fc = 0.75
figure = Figure(8.125x6.125)

fill = 1
hatch = None
height =1
label =

linewidth or 1w = 1.0

picker = None

transform = <Affine object at 0x134cca84>
verts = ((0, 0, (O, 1, (1, 1), (1, )
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visible = True

width = 1

window_extent = <Bbox object at 0x134acbcc>
x=0

y=20

zorder = 1

The docstrings for all of the classes also contain the Artist properties, so you can consult the interactive
“help” or the artists for a listing of properties for a given object.

9.2 Object containers

Now that we know how to inspect and set the properties of a given object we want to configure, we need to
now how to get at that object. As mentioned in the introduction, there are two kinds of objects: primitives
and containers. The primitives are usually the things you want to configure (the font of a Text instance,
the width of a Line2D) although the containers also have some properties as well — for example the Axes
Artist is a container that contains many of the primitives in your plot, but it also has properties like the
xscale to control whether the xaxis is ‘linear’ or ‘log’. In this section we’ll review where the various
container objects store the Artists that you want to get at.

9.3 Figure container

The top level container Artist is the matplotlib.figure.Figure, and it contains everything in the
figure. The background of the figure is a Rectangle which is stored in Figure.patch. As you add subplots
(add_subplot()) and axes (add_axes ()) to the figure these will be appended to the Figure.axes. These
are also returned by the methods that create them:

In [156]: fig = plt.figure(Q)

In [157]: axl = fig.add_subplot(211)

In [158]: ax2

fig.add_axes([0.1, 0.1, 0.7, 0.3])

In [159]: axl
Out[159]: <matplotlib.axes.Subplot instance at 0xd54b26c>

In [160]: print fig.axes
[<matplotlib.axes.Subplot instance at 0xd54b26c>, <matplotlib.axes.Axes instance at 0xd3f0b2c>]

Because the figure maintains the concept of the “current axes” (see Figure.gca and Figure.sca) to
support the pylab/pyplot state machine, you should not insert or remove axes directly from the axes list, but
rather use the add_subplot () and add_axes() methods to insert, and the delaxes () method to delete.
You are free however, to iterate over the list of axes or index into it to get access to Axes instances you want
to customize. Here is an example which turns all the axes grids on:

for ax in fig.axes:
ax.grid(True)
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The figure also has its own text, lines, patches and images, which you can use to add primitives directly. The
default coordinate system for the Figure will simply be in pixels (which is not usually what you want) but
you can control this by setting the transform property of the Artist you are adding to the figure.

More useful is “figure coordinates” where (0, 0) is the bottom-left of the figure and (1, 1) is the top-right of
the figure which you can obtain by setting the Artist transform to fig.transFigure:

In [191]: fig = plt.figure()

In [192]: 11 = matplotlib.lines.Line2D([0, 1], [®, 1],
transform=fig.transFigure, figure=£fig)

In [193]: 12 = matplotlib.lines.Line2D([®, 1], [1, 0],
transform=fig.transFigure, figure=fig)

In [194]: fig.lines.extend([11, 12])

In [195]: fig.canvas.draw()

Here is a summary of the Artists the figure contains
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Figure attribute | Description

axes A list of Axes instances (includes Subplot)

patch The Rectangle background

images A list of FigureImages patches - useful for raw pixel display
legends A list of Figure Legend instances (different from Axes.legends)
lines A list of Figure Line2D instances (rarely used, see Axes.lines)
patches A list of Figure patches (rarely used, see Axes.patches)

texts A list Figure Text instances

9.4 Axes container

The matplotlib.axes.Axes is the center of the matplotlib universe — it contains the vast majority of all
the Artists used in a figure with many helper methods to create and add these Artists to itself, as well
as helper methods to access and customize the Artists it contains. Like the Figure, it contains a Patch
patch which is a Rectangle for Cartesian coordinates and a Circle for polar coordinates; this patch
determines the shape, background and border of the plotting region:

ax = fig.add_subplot(111)
rect = ax.patch # a Rectangle instance
rect.set_facecolor(’green’)

When you call a plotting method, eg. the canonical plot () and pass in arrays or lists of values, the method
will create amatplotlib.lines.Line2D() instance, update the line with all the Line2D properties passed
as keyword arguments, add the line to the Axes.lines container, and returns it to you:

In [213]: x, y = np.random.rand(2, 100)
In [214]: line, = ax.plot(x, y, '-’, color="blue’, linewidth=2)

plot returns a list of lines because you can pass in multiple x, y pairs to plot, and we are unpacking the first
element of the length one list into the line variable. The line has been added to the Axes.lines list:

In [229]: print ax.lines
[<matplotlib.lines.Line2D instance at 0xd378b0c>]

Similarly, methods that create patches, like bar() creates a list of rectangles, will add the patches to the
Axes.patches list:

In [233]: n, bins, rectangles = ax.hist(np.random.randn(1000), 50, facecolor='yellow’)

In [234]: rectangles
Out[234]: <a list of 50 Patch objects>

In [235]: print len(ax.patches)

You should not add objects directly to the Axes.lines or Axes.patches lists unless you know exactly
what you are doing, because the Axes needs to do a few things when it creates and adds an object. It sets the
figure and axes property of the Artist, as well as the default Axes transformation (unless a transformation is
set). It also inspects the data contained in the Artist to update the data structures controlling auto-scaling,
so that the view limits can be adjusted to contain the plotted data. You can, nonetheless, create objects
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yourself and add them directly to the Axes using helper methods like add_line() and add_patch().
Here is an annotated interactive session illustrating what is going on:

In [261]: fig = plt.figure(Q)
In [262]: ax = fig.add_subplot(111)

# create a rectangle instance
In [263]: rect = matplotlib.patches.Rectangle( (1,1), width=5, height=12)

# by default the axes instance is None
In [264]: print rect.get_axes()
None

# and the transformation instance is set to the "identity transform"
In [265]: print rect.get_transform()
<Affine object at 0x13695544>

# now we add the Rectangle to the Axes
In [266]: ax.add_patch(rect)

# and notice that the ax.add_patch method has set the axes
# instance

In [267]: print rect.get_axes()

Axes(0.125,0.1;0.775x0.8)

# and the transformation has been set too
In [268]: print rect.get_transform()
<Affine object at 0x15009ca4>

# the default axes transformation is ax.transData
In [269]: print ax.transData
<Affine object at 0x15009ca4>

# notice that the xlimits of the Axes have not been changed
In [270]: print ax.get_x1im()
(0.0, 1.0)

# but the data limits have been updated to encompass the rectangle
In [271]: print ax.datalLim.bounds
(1.0, 1.0, 5.0, 12.0)

# we can manually invoke the auto-scaling machinery
In [272]: ax.autoscale_view()

# and now the xlim are updated to encompass the rectangle
In [273]: print ax.get_x1lim()
(1.0, 6.0)

# we have to manually force a figure draw
In [274]: ax.figure.canvas.draw()

There are many, many Axes helper methods for creating primitive Artists and adding them to their respec-
tive containers. The table below summarizes a small sampling of them, the kinds of Artist they create,
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and where they store them

Helper method Artist Container
ax.annotate - text annotations | Annotate ax.texts
ax.bar - bar charts Rectangle ax.patches
ax.errorbar - error bar plots Line2D and Rectangle | ax.lines and ax.patches
ax.fill - shared area Polygon ax.patches
ax.hist - histograms Rectangle ax.patches
ax.imshow - image data AxesImage ax.images
ax.legend - axes legends Legend ax.legends
ax.plot - xy plots Line2D ax.lines
ax.scatter - scatter charts PolygonCollection ax.collections
ax.text - text Text ax.texts

In addition to all of these Artists, the Axes contains two important Artist containers: the XAxis and
YAxis, which handle the drawing of the ticks and labels. These are stored as instance variables xaxis and
yaxis. The XAxis and YAxis containers will be detailed below, but note that the Axes contains many
helper methods which forward calls on to the Axis instances so you often do not need to work with them
directly unless you want to. For example, you can set the font size of the XAxis ticklabels using the Axes
helper method:

for label in ax.get_xticklabels():
label.set_color(’orange’)

Below is a summary of the Artists that the Axes contains

Axes attribute | Description

artists A list of Artist instances

patch Rectangle instance for Axes background
collections A list of Collection instances
images A list of AxesImage

legends A list of Legend instances
lines A list of Line2D instances
patches A list of Patch instances

texts A list of Text instances

xaxis matplotlib.axis. X Axis instance
yaxis matplotlib.axis. YAxis instance

9.5 Axis containers

The matplotlib.axis.Axis instances handle the drawing of the tick lines, the grid lines, the tick labels
and the axis label. You can configure the left and right ticks separately for the y-axis, and the upper and
lower ticks separately for the x-axis. The Axis also stores the data and view intervals used in auto-scaling,
panning and zooming, as well as the Locator and Formatter instances which control where the ticks are
placed and how they are represented as strings.

Each Axis object contains a label attribute (this is what pylab modifies in calls to xlabel() and
ylabel()) as well as a list of major and minor ticks. The ticks are XTick and YTick instances, which
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contain the actual line and text primitives that render the ticks and ticklabels. Because the ticks are dynam-
ically created as needed (eg. when panning and zooming), you should access the lists of major and minor
ticks through their accessor methods get_major_ticks() and get_minor_ticks(). Although the ticks
contain all the primitives and will be covered below, the Axis methods contain accessor methods to return
the tick lines, tick labels, tick locations etc.:

In [285]: axis = ax.xaxis

In [286]: axis.get_ticklocs(Q)
Out[286]: array([ ®., 1., 2., 3., 4., 5., 6., 7., 8., 9.1

In [287]: axis.get_ticklabels()
Out[287]: <a list of 10 Text major ticklabel objects>

# note there are twice as many ticklines as labels because by

# default there are tick lines at the top and bottom but only tick
# labels below the xaxis; this can be customized

In [288]: axis.get_ticklines()

Out[288]: <a list of 20 Line2D ticklines objects>

# by default you get the major ticks back
In [291]: axis.get_ticklines()
Out[291]: <a list of 20 Line2D ticklines objects>

# but you can also ask for the minor ticks
In [292]: axis.get_ticklines(minor=True)
Out[292]: <a list of O Line2D ticklines objects>

Here is a summary of some of the useful accessor methods of the Axis (these have corresponding setters
where useful, such as set_major_formatter)

Accessor method Description

get_scale The scale of the axis, eg ‘log’ or ‘linear’
get_view_interval The interval instance of the axis view limits
get_data_interval The interval instance of the axis data limits
get_gridlines A list of grid lines for the Axis

get_label The axis label - a Text instance

get_ticklabels A list of Text instances - keyword minor=True|False
get_ticklines A list of Line2D instances - keyword minor=True|False
get_ticklocs A list of Tick locations - keyword minor=True|False
get_major_locator The matplotlib.ticker.Locator instance for major ticks
get_major_formatter | The matplotlib.ticker.Formatter instance for major ticks
get_minor_locator The matplotlib.ticker.L.ocator instance for minor ticks
get_minor_formatter | The matplotlib.ticker.Formatter instance for minor ticks
get_major_ticks A list of Tick instances for major ticks

get_minor_ticks A list of Tick instances for minor ticks

grid Turn the grid on or off for the major or minor ticks

Here is an example, not recommended for its beauty, which customizes the axes and tick properties
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import numpy as np
import matplotlib.pyplot as plt

# plt.figure creates a matplotlib.figure.Figure instance
fig = plt.figure()

rect = fig.patch # a rectangle instance
rect.set_facecolor(’lightgoldenrodyellow’)

axl = fig.add_axes([0.1, 0.3, 0.4, 0.4])
rect = axl.patch
rect.set_facecolor(’lightslategray’)

for label in axl.xaxis.get_ticklabels():
# label is a Text instance
label.set_color(’red’)
label.set_rotation(45)
label.set_fontsize(16)

for line in axl.yaxis.get_ticklines():
# line is a Line2D instance
line.set_color(’green’)
line.set_markersize(25)
line.set_markeredgewidth(3)

0.0
Q ™ © O
¥ oY 0¥ 0° P A
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9.6 Tick containers

The matplotlib.axis.Tick is the final container object in our descent from the Figure to the Axes to
the Axis to the Tick. The Tick contains the tick and grid line instances, as well as the label instances for
the upper and lower ticks. Each of these is accessible directly as an attribute of the Tick. In addition, there
are boolean variables that determine whether the upper labels and ticks are on for the x-axis and whether the
right labels and ticks are on for the y-axis.

Tick attribute | Description

ticklline Line2D instance

tick2line Line2D instance

gridline Line2D instance

labell Text instance

label2 Text instance

gridOn boolean which determines whether to draw the tickline
tick10n boolean which determines whether to draw the 1st tickline
tick20n boolean which determines whether to draw the 2nd tickline
label1On boolean which determines whether to draw tick label
label2On boolean which determines whether to draw tick label

Here is an example which sets the formatter for the right side ticks with dollar signs and colors them green
on the right side of the yaxis

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

fig = plt.figure()
ax = fig.add_subplot(111)
ax.plot(100*np.random.rand(20))

formatter = ticker.FormatStrFormatter(’$ M)
ax.yaxis.set_major_formatter(formatter)

for tick in ax.yaxis.get_major_ticks():
tick.labellOn = False
tick.label20n = True
tick.label2.set_color(’green’)
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CHAPTER
TEN

CUSTOMIZING LOCATION OF SUBPLOT
USING GRIDSPEC

GridSpec specifies the geometry of the grid that a subplot will be placed. The number of
rows and number of columns of the grid need to be set. Optionally, the subplot layout
parameters (e.g., left, right, etc.) can be tuned.

SubplotSpec specifies the location of the subplot in the given GridSpec.

subplot2grid a helper function that is similar to “pyplot.subplot” but uses 0-based indexing
and let subplot to occupy multiple cells.

10.1 Basic Example of using subplot2grid

To use subplot2grid, you provide geometry of the grid and the location of the subplot in the grid. For a
simple single-cell subplot:

ax = plt.subplot2grid((2,2),(0, 0))
is identical to
ax = plt.subplot(2,2,1)

Note that, unlike matplotlib’s subplot, the index starts from 0 in gridspec.
To create a subplot that spans multiple cells,

ax2 = plt.subplot2grid((3,3), (1, 0), colspan=2)
ax3 = plt.subplot2grid((3,3), (1, 2), rowspan=2)

For example, the following commands

axl = plt.subplot2grid((3,3), (0,0), colspan=3)
ax2 = plt.subplot2grid((3,3), (1,0), colspan=2)
ax3 = plt.subplot2grid((3,3), (1, 2), rowspan=2)
ax4 = plt.subplot2grid((3,3), (2, 0))
ax5 = plt.subplot2grid((3,3), (2, 1))
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creates

subplot2grid

ax1l

ax2

ax3

10.2 GridSpec and SubplotSpec

You can create GridSpec explicitly and use them to create a Subplot.
For example,

ax = plt.subplot2grid((2,2),(0, 0))

is equal to

import matplotlib.gridspec as gridspec
gs = gridspec.GridSpec(2, 2)
ax = plt.subplot(gs[0®, 0])

A gridspec instance provides array-like (2d or 1d) indexing that returns the SubplotSpec instance. For,
SubplotSpec that spans multiple cells, use slice.

ax2
ax3

plt.subplot(gs[1,:-1])
plt.subplot(gs[l:, -11)

The above example becomes
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gs = gridspec.GridSpec(3, 3)

axl = plt.subplot(gs[0®, :1)
ax2 = plt.subplot(gs[1l,:-1])
ax3 = plt.subplot(gs[l:, -1])
ax4 = plt.subplot(gs[-1,0])
ax5 = plt.subplot(gs[-1,-2]1)
GridSpec
: axl1 :
| | | |
I ax2 1T |
ax3
I I I I I I I I
I axd | [ ax5 | L l
| | | | | | | | | | | |
10.3 Adjust GridSpec layout
When a GridSpec is explicitly used, you can adjust the layout parameters of subplots that are created from
the gridspec.
gsl = gridspec.GridSpec(3, 3)

gsl.update(left=0.05, right=0.48, wspace=0.05)

This is similar to subplots_adjust, but it only affects the subplots that are created from the given GridSpec.

The code below

gsl =

gridspec.GridSpec(3, 3)

gsl.update(left=0.05, right=0.48, wspace=0.05)

axl =
ax2 =
ax3 =

plt.subplot(gsl[:-1, :]1)
plt.subplot(gsl[-1, :-1])
plt.subplot(gsl[-1, -1])

10.3. Adjust GridSpec layout
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gs2 = gridspec.GridSpec(3, 3)
gs2.update(left=0.55, right=0.98, hspace=0.05)
ax4 = plt.subplot(gs2[:, :-11)

ax5 = plt.subplot(gs2[:-1, -11)

ax6 = plt.subplot(gs2[-1, -11)

creates

GirdSpec w/ different subplotpars

ax1l ax5

ax4

10.4 GridSpec using SubplotSpec
You can create GridSpec from the SubplotSpec, in which case its layout parameters are set to that of the
location of the given SubplotSpec.

gs® = gridspec.GridSpec(l, 2)

gs00 = gridspec.GridSpecFromSubplotSpec(3, 3, subplot_spec=gs0[0])
gs01 = gridspec.GridSpecFromSubplotSpec(3, 3, subplot_spec=gsO[1])
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GirdSpec Inside GridSpec

ax1l ax5

ax4

10.5 A Complex Nested GridSpec using SubplotSpec

Here’s a more sophisticated example of nested gridspec where we put a box around each cell of the outer
4x4 grid, by hiding appropriate spines in each of the inner 3x3 grids.

. plot:: users/plotting/examples/demo_gridspec®6.py

10.6 GridSpec with Varying Cell Sizes

By default, GridSpec creates cells of equal sizes. You can adjust relative heights and widths of rows and
columns. Note that absolute values are meaningless, only their relative ratios matter.

gs = gridspec.GridSpec(2, 2,
width_ratios=[1,2],
height_ratios=[4,1]

)
axl = plt.subplot(gs[0])
ax2 = plt.subplot(gs[1])
ax3 = plt.subplot(gs[2])
ax4 = plt.subplot(gs[3])
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CHAPTER
ELEVEN

TIGHT LAYOUT GUIDE

tight_layout automatically adjusts subplot params so that the subplot(s) fits in to the figure area. This is an
experimental feature and may not work for some cases. It only checks the extents of ticklabels, axis labels,
and titles.

11.1 Simple Example

In matplotlib location of axes (including subplots) are specified in normalized figure coordinate. It can
happen that your axis labels or titles (or sometimes even ticklabels) go outside the figure area thus clipped.

plt.rcParams[’savefig.facecolor’] = "0.8"

def example_plot(ax, fontsize=12):
ax.plot([1, 2])
ax.locator_params(nbins=3)
ax.set_xlabel(’x-label’, fontsize=fontsize)
ax.set_ylabel('y-label’, fontsize=fontsize)
ax.set_title(’Title’, fontsize=fontsize)

plt.close(’all’)
fig, ax = plt.subplots()
example_plot(ax, fontsize=24)

95



Matplotlib, Release 1.1.1rc2

2.0

'ﬁﬂe

1.5 .

y-label

185 0.5 1.0
v-lahel

To prevent this, the location of axes need to be adjusted. For subplots, this can be done by adjusting the
subplot params (Move the edge of an axes to make room for tick labels). Matplotlib v1.1 introduces a new
command tight_layout () that does this automatically for you.

plt.tight_layout()
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When you have multiple subplots, often you see labels of different axes overlaps each other.

plt.close(’all’)
fig, ((axl, ax2), (ax3, ax4)) = plt.subplots(nrows=2, ncols=2)
example_plot(axl)
example_plot(ax2)
example_plot(ax3)
example_plot(ax4)
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Title Title
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y-label
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> >
1'8.0 0.5 11}'813 0.5 1.0
x-label x-label

tight_layout will also adjust spacing betweens subplots to minimize the overlaps.

plt.tight_layout()
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Title Title
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x-label x-label

tight_layout() can take keyword arguments of pad, w_pad and h_pad. These controls the extra pad
around the figure border and between subplots. The pads are specified in fraction of fontsize.

plt.tight_layout(pad=0.4, w_pad=0.5, h_pad=1.0)
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Titl Titl
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tight_layout() will work even if the sizes of subplot are different as far as their grid specification is
compatible. In the example below, ax/ and ax2 are subplots of 2x2 grid, while ax3 is of 1x2 grid.

plt.close(’all’)
fig = plt.figure(Q)

axl = plt.subplot(221)
ax2 = plt.subplot(223)
ax3 = plt.subplot(122)

example_plot(axl)
example_plot(ax2)
example_plot(ax3)

plt.tight_layout()
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It works with subplots created with subplot2grid(). In general, subplots created from the gridspec (Cus-
tomizing Location of Subplot Using GridSpec) will work.

plt.close(’all’)
fig = plt.figure(Q)

axl = plt.subplot2grid((3, 3), (0, 0))

ax2 = plt.subplot2grid((3, 3), (0, 1), colspan=2)

ax3 = plt.subplot2grid((3, 3), (1, 0), colspan=2, rowspan=2)
ax4 = plt.subplot2grid((3, 3), (1, 2), rowspan=2)

example_plot(axl)
example_plot(ax2)
example_plot(ax3)
example_plot(ax4)

plt.tight_layout()
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Although not thoroughly tested, it seems to work for subplots with aspect != “auto” (e.g., axes with images).

arr = np.arange(100).reshape((10,10))

plt.close(’all’)
fig = plt.figure(figsize=(5,4))

ax = plt.subplot(111)
im = ax.imshow(arr, interpolation="none")

plt.tight_layout()
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11.1.1 Caveats

o tight_layout only considers ticklabels, axis labels, and titles. Thus, other atists may be clipped and
also may overlap.

o [t assumes that the extra space needed for ticklabels, axis labels, and titles is independent of original
location of axes. This is often True, but there are rare cases it is not.

e pad=0 clips some of the texts by a few pixels. This may be a bug or a limitation of the current
algorithm and it is not clear why it happens. Meanwhile, use of pad at least larger than 0.3 is recom-
mended.

11.1.2 Use with GridSpec

GridSpec has its own tight_layout method (the pyplot api tight_layout () also works).

plt.close(’all’)
fig = plt.figure()

import matplotlib.gridspec as gridspec
gsl = gridspec.GridSpec(2, 1)

ax1 fig.add_subplot(gsl[0])
ax2 fig.add_subplot(gsli[1])

example_plot(axl)
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example_plot(ax2)

gsl.tight_layout(fig)

Title
2.0 .
z
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>
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x-label
Title
2.0 :
z
© 1.5F .
>
LSJ) 0.5 1.0
x-label

You may provide an optional rect parameter, which specify the bbox that the subplots will be fit in. The
coordinate must be in normalized figure coordinate and the default is (0, O, 1, 1).

gsl.tight_layout(fig, rect=[0, 0, 0.5, 1])
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For example, this can be used for a figure with multiple grid_spec’s.

gs2 = gridspec.GridSpec(3, 1)

for ss in gs2:
ax = fig.add_subplot(ss)
example_plot(ax)
ax.set_title("")
ax.set_xlabel("™")

ax.set_xlabel("x-label", fontsize=12)

gs2.tight_layout(fig, rect=[0.5, 0, 1, 1], h_pad=0.5)

11.1. Simple Example
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We may try to match the top and bottom of two grids

top = min(gsl.top, gs2.top)

bottom = max(gsl.bottom, gs2.bottom)

gsl.update(top=top, bottom=bottom)
gs2.update(top=top, bottom=bottom)

0 0.5 1.0

0 0.5 1.0

0 0.5 1.0
x-label

While this should be mostly good enough, but adjusting top and bottom may requires adjustment in hspace
also. To update hspace & vspace, we call tight_layout again with updated rect argument. Note the rect
argument specifies area including the ticklabels etc. Thus we will increase the bottom (which is 0 in normal
case) by the difference between the botfom from above and bottom of each gridspec. Same thing for top.

top = min(gsl.top, gs2.top)

bottom = max(gsl.bottom, gs2.bottom)

gsl.tight_layout(fig, rect=[None, ® + (bottom-gsl.bottom),
0.5, 1 - (gsl.top-top)])
gs2.tight_layout(fig, rect=[0.5, 0 + (bottom-gs2.bottom),
None, 1 - (gs2.top-top)],

h_pad=0.5)
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11.1.3 Use with AxesGrid1

While limited, axes_grid1 toolkit is also supported.

plt.close(’all’)
fig = plt.figure()

from mpl_toolkits.axes_gridl import Grid
grid = Grid(fig, rect=111, nrows_ncols=(2,2),
axes_pad=0.25, label_mode="L’,
)

for ax in grid:
example_plot(ax)

ax.title.set_visible(False)

plt.tight_layout()
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11.1.4 Colorbar

If you create colorbar with colorbar () command, the created colorbar is an instance of Axes not Subplot,
thus tight_layout does not work. With Matplotlib v1.1, you may create a colobar as a subplot using the
gridspec.

plt.close(’all’)

fig = plt.figure(figsize=(4, 4))

im = plt.imshow(arr, interpolation="none")

plt.colorbar(im, use_gridspec=True)

plt.tight_layout()
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Another option is to use AxesGridl toolkit to explicitly create an axes for colorbar.

plt.close(’all’)
fig = plt.figure(figsize=(4, 4))
im = plt.imshow(arr, interpolation="none")

from mpl_toolkits.axes_gridl import make_axes_locatable
divider = make_axes_locatable(plt.gca())

cax = divider.append_axes("right", "5%", pad="3%")
plt.colorbar(im, cax=cax)

plt.tight_layout()
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CHAPTER
TWELVE

LEGEND GUIDE

Do not proceed unless you already have read legend() and matplotlib.legend.Legend!

12.1 What to be displayed

The legend command has a following call signature:
legend(*args, **kwargs)
If len(args) is 2, the first argument should be a list of artist to be labeled, and the second argument should a

list of string labels. If len(args) is O, it automatically generate the legend from label properties of the child
artists by calling get_legend_handles_labels () method. For example, ax./legend() is equivalent to:

handles, labels = ax.get_legend_handles_labels()
ax.legend(handles, labels)

The get_legend_handles_labels() method returns a tuple of two lists, i.e., list of artists and list of
labels (python string). However, it does not return all of its child artists. It returns artists that are currently
supported by matplotlib.

For matplotlib v1.0 and earlier, the supported artists are as follows.
e Line2D
e Patch

LineCollection

RegularPolyCollection

CircleCollection

And, get_legend_handles_labels() returns all artists in ax.lines, ax.patches and artists in ax.collection
which are instance of LineCollection or RegularPolyCollection. The label attributes (returned by
get_label() method) of collected artists are used as text labels. If label attribute is empty string or starts with
“_”, those artists will be ignored.

—_

Therefore, plots drawn by some pyplot commands are not supported by legend. For example,
fill_between() creates PolyCollection that is not supported. Also support is limted for some com-
mands that creat multiple artists. For example, errorbar () creates multiples Line2D instances.
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Unfortunately, there is no easy workaround when you need legend for an artist not supported by matplotlib
(You may use one of the supported artist as a proxy. See below)

In newer version of matplotlib (v1.1 and later), the matplotlib internals are revised to support
e complex plots that creates multiple artists (e.g., bar, errorbar, etc)
e custom legend handles

See below for details of new functionality.

12.1.1 Adjusting the Order of Legend items

When you want to customize the list of artists to be displayed in the legend, or their order of appearance.
There are a two options. First, you can keep lists of artists and labels, and explicitly use these for the first
two argument of the legend call.:

pl, = plot([1,2,3])
p2, plot([3,2,1])
p3, = plot([2,3,1])
legend([p2, pl1], ["line 2", "line 1"])

Or you may use get_legend_handles_labels() to retrieve list of artist and labels and manipulate them
before feeding them to legend call.:

ax = subplot(l,1,1)

pl, ax.plot([1,2,3], label="1line 1")
p2, = ax.plot([3,2,1], label="line 2")
p3, ax.plot([2,3,1], label="1ine 3")

handles, labels = ax.get_legend_handles_labels()

# reverse the order
ax.legendChandles[::-1], labels[::-1])

# or sort them by labels

import operator

hl = sorted(zip(handles, labels),
key=operator.itemgetter(1))

handles2, labels2 = zip(*hl)

ax.legend(handles2, labels2)

12.1.2 Using Proxy Artist

When you want to display legend for an artist not supported by matplotlib, you may use another artist as a
proxy. For example, you may create a proxy artist without adding it to the axes (so the proxy artist will not
be drawn in the main axes) and feed it to the legend function.:

p = Rectangle((0, ®, 1, 1, fc="r")
legend([p], ["Red Rectangle"])
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12.2 Multicolumn Legend

By specifying the keyword argument ncol, you can have a multi-column legend. Also, mode="expand”
horizontally expand the legend to fill the axes area. See legend_demo3.py for example.

12.3 Legend location

The location of the legend can be specified by the keyword argument loc, either by string or a integer number.

String Number
upper right 1
upper left 2
lower left 3
lower right | 4
right 5
center left 6
center right | 7
lower center | 8
upper center | 9
center 10

By default, the legend will anchor to the bbox of the axes (for legend) or the bbox of the figure (figle-
gend). You can specify your own bbox using bbox_to_anchor argument. bbox_to_anchor can be an in-
stance of BboxBase, a tuple of 4 floats (x, y, width, height of the bbox), or a tuple of 2 floats (x, y with
width=height=0). Unless bbox_transform argument is given, the coordinates (even for the bbox instance)
are considered as normalized axes coordinates.

For example, if you want your axes legend located at the figure corner (instead of the axes corner):

1 = legend(bbox_to_anchor=(0, 0, 1, 1), bbox_transform=gcf().transFigure)

Also, you can place above or outer right-hand side of the axes,

from matplotlib.pyplot import *

subplot(211)

plot([1,2,3], label="testl")

plot([3,2,1], label="test2")

legend(bbox_to_anchor=(0., 1.02, 1., .102), loc=3,
ncol=2, mode="expand", borderaxespad=0.)

subplot(223)

plot([1,2,3], label="testl")

plot([3,2,1], label="test2")

legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)

show()
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12.4 Multiple Legend

Sometime, you want to split the legend into multiple ones.:

pl, = plot([1,2,3])
p2, = plot([3,2,1])
legend([pl], ["Testl"], loc=1)
legend([p2], ["Test2"], loc=4)

However, the above code only shows the second legend. When the legend command is called, a new legend
instance is created and old ones are removed from the axes. Thus, you need to manually add the removed
legend.

from matplotlib.pyplot import *

pl, = plot([1,2,3], label="testl")

p2, = plot([3,2,1], label="test2")
11 = legend([p1], ["Label 1"], loc=1)
12 = legend([p2], ["Label 2"], loc=4) # this removes 11 from the axes.

gca().add_artist(1ll) # add 11 as a separate artist to the axes

show()
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12.5 Legend of Complex Plots

In matplotlib v1.1 and later, the legend is improved to support more plot commands and ease the customiza-
tion.

12.5.1 Artist Container

The Artist Container is simple class (derived from tuple) that contains multiple artists. This is introduced
primarily to support legends for complex plot commands that create multiple artists.

Axes instances now have a “containers” attribute (which is a list, and this is only intended to be used for
generating a legend). The items in this attribute are also returned by get_legend_handles_labels().

For example, “bar” command creates a series of Rectangle patches. Previously, it returned a list of these
patches. With the current change, it creates a container object of these rectangle patches (and these patches
are added to Axes.patches attribute as before) and return it instead. As the container class is derived from a
tuple, it should be backward-compatible. Furthermore, the container object is added to the Axes.containers
attributes so that legend command can properly create a legend for the bar. Thus, you may do

bl = bar([0®, 1, 2], [0.2, 0.3, 0.1], width=0.4,
label="Bar 1", align="center")
legend ()
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or

bl = bar([0, 1, 2], [0.2, 0.3, 0.1], width=0.4, align="center")
legend([b1], ["Bar 1"1)

LR RT3

At this time of writing, however, only “bar”, “errorbar”, and “stem” are supported (hopefully the list will
increase). Here is an example.
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12.5.2 Legend Handler

One of the changes is that drawing of legend handles has been delegated to legend handlers. For example,
Line2D instances are handled by HandlerLine2D. The mapping between the artists and their corresponding
handlers are defined in a handler_map of the legend. The handler_map is a dictionary of key-handler pair,
where key can be an artist instance or its class. And the handler is a Handler instance.

Let’s consider the following sample code,

legend([p_1, p_2,..., p_i, ...], ["Test 1", "Test 2", ..., "Test i",...])

For each p_i, matplotlib
1. check if p_i is in the handler_map

2. if not, iterate over type(p_i).mro() until a matching key is found in the handler_map
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Unless specified, the defaul handler_map is used. Below is a partial list of key-handler pairs included in the
default handler map.

e Line2D : legend_handler.HandlerLine2D()

e Patch : legend_handler.HandlerPatch()

e LineCollection : legend_handler.HandlerLineCollection()
o ...

The legend() command takes an optional argument of “handler_map”. When provided, the default handler
map will be updated (using dict.update method) with the provided one.

pl, = plot(x, "ro", label="testl")
p2, = plot(y, "b+", ms=10, label="test2")

my_handler = HandlerLine2D(numpoints=1)
legend(handler_map={Line2D:my_handler})

The above example will use my_handler for any Line2D instances (p1 and p2).

legend Chandler_map={pl:HandlerLine2D (numpoints=1)})

In the above example, only p/ will be handled by my_handler, while others will be handled by default
handlers.

The curent default handler_map has handlers for errorbar and bar plots. Also, it includes an entry for tuple
which is mapped to HandlerTuple. It simply plots over all the handles for items in the given tuple. For
example,

z = np.random.randn(10)

pla, plt.plot(z, "ro", ms=10, mfc="r", mew=2, mec="r") # red filled circle
plb, plt.plot(z[:5], "w+", ms=10, mec="w", mew=2) # white cross

plt.legend([pla, (pla, plb)], ["Attr A", "Attr A+B"])
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12.5.3 Implement a Custom Handler

Handler can be any callable object with following signature.

def __call__(self, legend, orig_handle,
fontsize,
handlebox):

Where legend is the legend itself, orig_handle is the original plot (p_i in the above example), fontsize is
the fontsize in pixles, and handlebox is a OffsetBox instance. Within the call, you create relevant artists
(using relevant properties from the legend and/or orig_handle) and add them into the handlebox. The artists
needs to be scaled according to the fontsize (note that the size is in pixel, i.e., this is dpi-scaled value). See
legend_handler for more details.
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THIRTEEN

EVENT HANDLING AND PICKING

matplotlib works with 6 user interface toolkits (wxpython, tkinter, qt, gtk, fitk and macosx) and in order
to support features like interactive panning and zooming of figures, it is helpful to the developers to have
an API for interacting with the figure via key presses and mouse movements that is “GUI neutral” so we
don’t have to repeat a lot of code across the different user interfaces. Although the event handling API
is GUI neutral, it is based on the GTK model, which was the first user interface matplotlib supported.
The events that are triggered are also a bit richer vis-a-vis matplotlib than standard GUI events, including
information like which matplotlib.axes.Axes the event occurred in. The events also understand the
matplotlib coordinate system, and report event locations in both pixel and data coordinates.

13.1 Event connections

To receive events, you need to write a callback function and then connect your function to the event manager,
which is part of the FigureCanvasBase. Here is a simple example that prints the location of the mouse
click and which button was pressed:

fig = plt.figure(Q)
ax = fig.add_subplot(111)
ax.plot(np.random.rand(10))

def onclick(event):
print ’button=%d, x=%d, y=%d, xdata=%f, ydata=%f’%(
event.button, event.x, event.y, event.xdata, event.ydata)

cid = fig.canvas.mpl_connect(’button_press_event’, onclick)

The FigureCanvas method mpl_connect () returns a connection id which is simply an integer. When you
want to disconnect the callback, just call:

fig.canvas.mpl_disconnect(cid)

Note: The canvas retains only weak references to the callbacks. Therefore if a callback is a method of
a class instance, you need to retain a reference to that instance. Otherwise the instance will be garbage-
collected and the callback will vanish.
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Here are the events that you can connect to, the class instances that are sent back to you when the event
occurs, and the event descriptions

Event name Class and description

‘button_press_event’ MouseEvent - mouse button is pressed
‘button_release_event’ | MouseEvent - mouse button is released
‘draw_event’ DrawEvent - canvas draw

‘key_press_event’ KeyEvent - key is pressed
‘key_release_event’ KeyEvent - key is released
‘motion_notify_event’ | MouseEvent - mouse motion

‘pick_event’ PickEvent - an object in the canvas is selected
‘resize_event’ ResizeEvent - figure canvas is resized
‘scroll_event’ MouseEvent - mouse scroll wheel is rolled
‘figure_enter_event’ LocationEvent - mouse enters a new figure
‘figure_leave_event’ LocationEvent - mouse leaves a figure
‘axes_enter_event’ LocationEvent - mouse enters a new axes
‘axes_leave_event’ LocationEvent - mouse leaves an axes

13.2 Event attributes

All matplotlib events inherit from the base class matplotlib.backend_bases.Event, which store the
attributes:

name the event name
canvas the FigureCanvas instance generating the event
guiEvent the GUI event that triggered the matplotlib event

The most common events that are the bread and butter of event handling are key press/release events and
mouse press/release and movement events. The KeyEvent and MouseEvent classes that handle these events
are both derived from the LocationEvent, which has the following attributes

X X position - pixels from left of canvas

y y position - pixels from bottom of canvas
inaxes the Axes instance if mouse is over axes
xdata x coord of mouse in data coords

ydata y coord of mouse in data coords

Let’s look a simple example of a canvas, where a simple line segment is created every time a mouse is
pressed:

from matplotlib import pyplot as plt

class LineBuilder:
def __init__(self, line):
self.line = line
self.xs = list(line.get_xdata())
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self.ys = list(line.get_ydata())
self.cid = line.figure.canvas.mpl_connect(’button_press_event’, self)

def __call__(self, event):
print ’click’, event
if event.inaxes!=self.line.axes: return
self.xs.append(event.xdata)
self.ys.append(event.ydata)
self.line.set_data(self.xs, self.ys)
self.line.figure.canvas.draw()

fig = plt.figure()

ax = fig.add_subplot(111)
ax.set_title(’click to build line segments’)
line, = ax.plot([0], [0]) # empty line
linebuilder = LineBuilder(line)

plt.show()

The MouseEvent that we just used is a LocationEvent, so we have access to the data and pixel coordinates
in event.x and event.xdata. In addition to the LocationEvent attributes, it has

button button pressed None, 1, 2, 3, ‘up’, ‘down’ (up and down are used for scroll events)

key the key pressed: None, any character, ‘shift’, ‘win’, or ‘control’

13.2.1 Draggable rectangle exercise

Write draggable rectangle class that is initialized with a Rectangle instance but will move its x,y location
when dragged. Hint: you will need to store the original xy location of the rectangle which is stored as
rect.xy and connect to the press, motion and release mouse events. When the mouse is pressed, check to
see if the click occurs over your rectangle (see matplotlib.patches.Rectangle.contains()) and if it
does, store the rectangle xy and the location of the mouse click in data coords. In the motion event callback,
compute the deltax and deltay of the mouse movement, and add those deltas to the origin of the rectangle
you stored. The redraw the figure. On the button release event, just reset all the button press data you stored
as None.

Here is the solution:

import numpy as np
import matplotlib.pyplot as plt

class DraggableRectangle:
def __init__(self, rect):

self.rect = rect

self.press = None

def connect(self):
"connect to all the events we need’
self.cidpress = self.rect.figure.canvas.mpl_connect(
"button_press_event’, self.on_press)
self.cidrelease = self.rect.figure.canvas.mpl_connect(
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"button_release_event’, self.on_release)
self.cidmotion = self.rect.figure.canvas.mpl_connect(
‘motion_notify_event’, self.on_motion)

def on_press(self, event):
“on button press we will see if the mouse is over us and store some data’
if event.inaxes != self.rect.axes: return

contains, attrd = self.rect.contains(event)
if not contains: return

print ’event contains’, self.rect.xy

x0, y® = self.rect.xy

self.press = x0, y0, event.xdata, event.ydata

def on_motion(self, event):
“on motion we will move the rect if the mouse is over us’
if self.press is None: return
if event.inaxes != self.rect.axes: return
x0, y0®, xpress, ypress = self.press
dx = event.xdata - xpress
dy = event.ydata - ypress
#print ’x0=%f, xpress=%f, event.xdata=%f, dx=%f, x0+dx=%f’%(x0, xpress, event.xdata, dx, x0+dx)
self.rect.set_x(x0+dx)
self.rect.set_y(y0+dy)

self.rect.figure.canvas.draw()

def on_release(self, event):
"on release we reset the press data’
self.press = None
self.rect.figure.canvas.draw()

def disconnect(self):
’disconnect all the stored connection ids’
self.rect.figure.canvas.mpl_disconnect(self.cidpress)
self.rect.figure.canvas.mpl_disconnect(self.cidrelease)
self.rect.figure.canvas.mpl_disconnect(self.cidmotion)

fig = plt.figure()
ax = fig.add_subplot(111)
rects = ax.bar(range(10), 20*np.random.rand(10))
drs = []
for rect in rects:
dr = DraggableRectangle(rect)
dr.connect()
drs.append(dr)

plt.show()

Extra credit: use the animation blit techniques discussed in the animations recipe to make the animated
drawing faster and smoother.
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Extra credit solution:

# draggable rectangle with the animation blit techniques; see
# http://www.scipy.org/Cookbook/Matplotlib/Animations

import numpy as np

import matplotlib.pyplot as plt

class DraggableRectangle:
lock = None # only one can be animated at a time
def __init__(self, rect):
self.rect = rect
self.press = None
self.background = None

def connect(self):

"connect to all the events we need’

self.cidpress = self.rect.figure.canvas.mpl_connect(
"button_press_event’, self.on_press)

self.cidrelease = self.rect.figure.canvas.mpl_connect(
"button_release_event’, self.on_release)

self.cidmotion = self.rect.figure.canvas.mpl_connect(
‘motion_notify_event’, self.on_motion)

def on_press(self, event):
“on button press we will see if the mouse is over us and store some data’
if event.inaxes != self.rect.axes: return
if DraggableRectangle.lock is not None: return
contains, attrd = self.rect.contains(event)
if not contains: return
print ’event contains’, self.rect.xy
x0, y0 = self.rect.xy
self.press = x0, y0, event.xdata, event.ydata
DraggableRectangle.lock = self

# draw everything but the selected rectangle and store the pixel buffer
canvas = self.rect.figure.canvas

axes = self.rect.axes

self.rect.set_animated(True)

canvas.draw()

self.background = canvas.copy_from_bbox(self.rect.axes.bbox)

# now redraw just the rectangle
axes.draw_artist(self.rect)

# and blit just the redrawn area
canvas.blit(axes.bbox)

def on_motion(self, event):
“on motion we will move the rect if the mouse is over us’
if DraggableRectangle.lock is not self:
return
if event.inaxes != self.rect.axes: return
x0, y0®, xpress, ypress = self.press
dx = event.xdata - xpress

13.2. Event attributes 123



Matplotlib, Release 1.1.1rc2

dy = event.ydata - ypress
self.rect.set_x(x0+dx)
self.rect.set_y(y0+dy)

canvas = self.rect.figure.canvas

axes = self.rect.axes

# restore the background region
canvas.restore_region(self.background)

# redraw just the current rectangle
axes.draw_artist(self.rect)

# blit just the redrawn area
canvas.blit(axes.bbox)

def on_release(self, event):
‘on release we reset the press data’
if DraggableRectangle.lock is not self:
return

self.press = None
DraggableRectangle.lock = None

# turn off the rect animation property and reset the background
self.rect.set_animated(False)
self.background = None

# redraw the full figure
self.rect.figure.canvas.draw()

def disconnect(self):
"disconnect all the stored connection ids’
self.rect.figure.canvas.mpl_disconnect(self.cidpress)
self.rect.figure.canvas.mpl_disconnect(self.cidrelease)
self.rect.figure.canvas.mpl_disconnect(self.cidmotion)

fig = plt.figure()
ax = fig.add_subplot(111)
rects = ax.bar(range(10), 20*np.random.rand(10))
drs = []
for rect in rects:
dr = DraggableRectangle(rect)
dr.connect()
drs.append(dr)

plt.show()

13.3 Mouse enter and leave

If you want to be notified when the mouse enters or leaves a figure or axes, you can connect to the figure/axes
enter/leave events. Here is a simple example that changes the colors of the axes and figure background that
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the mouse is over:

Illustrate the figure and axes enter and leave events by changing the
frame colors on enter and leave

o

import matplotlib.pyplot as plt

def enter_axes(event):
print ’enter_axes’, event.inaxes
event.inaxes.patch.set_facecolor(’yellow’)
event.canvas.draw()

def leave_axes(event):
print ’'leave_axes’, event.inaxes
event.inaxes.patch.set_facecolor(’white’)
event.canvas.draw()

def enter_figure(event):
print ’'enter_figure’, event.canvas.figure
event.canvas.figure.patch.set_facecolor(’red’)
event.canvas.draw()

def leave_figure(event):
print ’'leave_figure’, event.canvas.figure
event.canvas.figure.patch.set_facecolor(’grey’)
event.canvas.draw()

figl = plt.figure()

figl.suptitle(’mouse hover over figure or axes to trigger events’)
axl = figl.add_subplot(211)

ax2 figl.add_subplot(212)

figl.canvas.mpl_connect(’ figure_enter_event’, enter_figure)
figl.canvas.mpl_connect(’ figure_leave_event’, leave_figure)
figl.canvas.mpl_connect(’axes_enter_event’, enter_axes)
figl.canvas.mpl_connect(’axes_leave_event’, leave_axes)

fig2 = plt.figure()

fig2.suptitle(’mouse hover over figure or axes to trigger events’)
axl = fig2.add_subplot(211)

ax2 = fig2.add_subplot(212)

fig2.canvas.mpl_connect(’ figure_enter_event’, enter_figure)
fig2.canvas.mpl_connect(’ figure_leave_event’, leave_figure)
fig2.canvas.mpl_connect(’axes_enter_event’, enter_axes)
fig2.canvas.mpl_connect(’axes_leave_event’, leave_axes)

plt.show()

13.3. Mouse enter and leave
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13.4 Object picking

You can enable picking by setting the picker property of an Artist (eg a matplotlib Line2D, Text, Patch,
Polygon, AxesImage, etc...)

There are a variety of meanings of the picker property:
None picking is disabled for this artist (default)

boolean if True then picking will be enabled and the artist will fire a pick event if the mouse
event is over the artist

float if picker is a number it is interpreted as an epsilon tolerance in points and the the artist
will fire off an event if its data is within epsilon of the mouse event. For some artists like
lines and patch collections, the artist may provide additional data to the pick event that is
generated, eg the indices of the data within epsilon of the pick event.

function if picker is callable, it is a user supplied function which determines whether the
artist is hit by the mouse event. The signature is hit, props = picker(artist,
mouseevent) to determine the hit test. If the mouse event is over the artist, return
hit=True and props is a dictionary of properties you want added to the PickEvent at-
tributes

After you have enabled an artist for picking by setting the picker property, you need to connect to the figure
canvas pick_event to get pick callbacks on mouse press events. Eg:

def pick_handler(event):
mouseevent = event.mouseevent
artist = event.artist
# now do something with this..

The PickEvent which is passed to your callback is always fired with two attributes:

mouseevent the mouse event that generate the pick event. The mouse event in turn has at-
tributes like x and y (the coords in display space, eg pixels from left, bottom) and xdata,
ydata (the coords in data space). Additionally, you can get information about which but-
tons were pressed, which keys were pressed, which Axes the mouse is over, etc. See
matplotlib.backend_bases.MouseEvent for details.

artist the Artist that generated the pick event.

Additionally, certain artists like Line2D and PatchCollection may attach additional meta data like the
indices into the data that meet the picker criteria (eg all the points in the line that are within the specified
epsilon tolerance)

13.4.1 Simple picking example

In the example below, we set the line picker property to a scalar, so it represents a tolerance in points (72
points per inch). The onpick callback function will be called when the pick event it within the tolerance
distance from the line, and has the indices of the data vertices that are within the pick distance tolerance.
Our onpick callback function simply prints the data that are under the pick location. Different matplotlib
Artists can attach different data to the PickEvent. For example, Line2D attaches the ind property, which are
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the indices into the line data under the pick point. See pick() for details on the PickEvent properties of
the line. Here is the code:

import numpy as np
import matplotlib.pyplot as plt

fig = plt.figure()
ax = fig.add_subplot(111)
ax.set_title(’click on points’)

line, = ax.plot(np.random.rand(100), ’o’, picker=5) # 5 points tolerance

def onpick(event):
thisline = event.artist
xdata = thisline.get_xdata()
ydata = thisline.get_ydata()
ind = event.ind
print ’onpick points:’, zip(xdata[ind], ydata[ind])

fig.canvas.mpl_connect(’pick_event’, onpick)

plt.show()

13.4.2 Picking exercise

Create a data set of 100 arrays of 1000 Gaussian random numbers and compute the sample mean and
standard deviation of each of them (hint: numpy arrays have a mean and std method) and make a xy marker
plot of the 100 means vs the 100 standard deviations. Connect the line created by the plot command to the
pick event, and plot the original time series of the data that generated the clicked on points. If more than one
point is within the tolerance of the clicked on point, you can use multiple subplots to plot the multiple time
series.

Exercise solution:

compute the mean and stddev of 100 data sets and plot mean vs stddev.
When you click on one of the mu, sigma points, plot the raw data from
the dataset that generated the mean and stddev

import numpy as np

import matplotlib.pyplot as plt

X = np.random.rand(100, 1000)
XS np.mean(X, axis=1)
ys = np.std(X, axis=1)

fig = plt.figure()

ax = fig.add_subplot(111)

ax.set_title(’click on point to plot time series’)

line, = ax.plot(xs, ys, ’0’, picker=5) # 5 points tolerance
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def onpick(event):
if event.artist!=line: return True

N = len(event.ind)
if not N: return True

figi = plt.figure(Q)
for subplotnum, dataind in enumerate(event.ind):
ax = figi.add_subplot(N,1,subplotnum+1)
ax.plot(X[dataind])
ax.text(0.05, 0.9, ’'mu= \nsigma= "%(xs[dataind], ys[dataind]),
transform=ax.transAxes, va="top’)
ax.set_ylim(-0.5, 1.5)
figi.show()
return True

fig.canvas.mpl_connect(’pick_event’, onpick)

plt.show()
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TRANSFORMATIONS TUTORIAL

Like any graphics packages, matplotlib is built on top of a transformation framework to easily move between
coordinate systems, the userland data coordinate system, the axes coordinate system, the figure coordinate
system, and the display coordinate system. In 95% of your plotting, you won’t need to think about this,
as it happens under the hood, but as you push the limits of custom figure generation, it helps to have an
understanding of these objects so you can reuse the existing transformations matplotlib makes available
to you, or create your own (see matplotlib.transforms). The table below summarizes the existing
coordinate systems, the transformation object you should use to work in that coordinate system, and the
description of that system. In the Transformation Object column, ax is a Axes instance, and fig is a
Figure instance.

Coor- | Transfor- Description
dinate | mation
Object
data ax.transDatd The userland data coordinate system, controlled by the xlim and ylim
axes ax.transAxes The coordinate system of the Axes; (0,0) is bottom left of the axes, and (1,1)

is top right of the axes

figure fig.transFigulFke coordinate system of the Figure; (0,0) is bottom left of the figure, and
(1,1) is top right of the figure

dis- None This is the pixel coordinate system of the display; (0,0) is the bottom left of
play the display, and (width, height) is the top right of the display in pixels

All of the transformation objects in the table above take inputs in their coordinate system, and transform
the input to the display coordinate system. That is why the display coordinate system has None for the
Transformation Object column — it already is in display coordinates. The transformations also know how to
invert themselves, to go from display back to the native coordinate system. This is particularly useful when
processing events from the user interface, which typically occur in display space, and you want to know
where the mouse click or key-press occurred in your data coordinate system.

14.1 Data coordinates

Let’s start with the most commonly used coordinate, the data coordinate system. Whenever you add data to
the axes, matplotlib updates the datalimits, most commonly updated with the set_x1im() and set_ylim()
methods. For example, in the figure below, the data limits stretch from O to 10 on the x-axis, and -1 to 1 on
the y-axis.
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import numpy as np
import matplotlib.pyplot as plt

X = np.arange(0, 10, 0.005)
y = np.exp(-x/2.) * np.sin(2*np.pi*x)

fig = plt.figure()

ax = fig.add_subplot(111)
ax.plot(x, y)
ax.set_x1im(0, 10)
ax.set_ylim(-1, 1)

plt.show()
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You can use the ax.transData instance to transform from your data to your display coordinate system,
either a single point or a sequence of points as shown below:

In [14]: type(ax.transData)
Out[14]: <class [hatplotlib.transforms.CompositeGenericTransform’>

In [15]: ax.transData.transform((5, 0))
Out[15]: array([ 335.175, 247. 1)

In [16]: ax.transData.transform([(5, 0), (1,2)])
Out[16]:
array([[ 335.175, 247. 1,
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[ 132.435, 642.2 11D

You can use the inverted() method to create a transform which will take you from display to data coordi-
nates:

In [41]: inv = ax.transData.inverted()

In [42]: type(inv)
Out[42]: <class ﬂmatplotlib.transforms.CompositeGenericTransform’>

In [43]: inv.transform((335.175, 247.))
Out[43]: array([ 5., 0.1)

If your are typing along with this tutorial, the exact values of the display coordinates may differ if you have
a different window size or dpi setting. Likewise, in the figure below, the display labeled points are probably
not the same as in the ipython session because the documentation figure size defaults are different.

1.0 . . . .
OlS_[data = (5.0, 0.0)]
0.0}
—0.5}
~19% 2 4 6 8 10

Note: If you run the source code in the example above in a GUI backend, you may also find that the
two arrows for the data and display annotations do not point to exactly the same point. This is because
the display point was computed before the figure was displayed, and the GUI backend may slightly resize
the figure when it is created. The effect is more pronounced if you resize the figure yourself. This is one
good reason why you rarely want to work in display space, but you can connect to the on_draw’ Event to
update figure coordinates on figure draws; see Event handling and picking.
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When you change the x or y limits of your axes, the data limits are updated so the transformation yields a
new display point. Note that when we just change the ylim, only the y-display coordinate is altered, and
when we change the xlim too, both are altered. More on this later when we talk about the Bbox.

In [54]: ax.transData.transform((5, 0))
Out[54]: array([ 335.175, 247. D

In [55]: ax.set_ylim(-1,2)
Out[55]: (-1, 2)

In [56]: ax.transData.transform((5, 0))
Out[56]: array([ 335.175 , 181.13333333])

In [57]: ax.set_x1im(10,20)
Out[57]: (10, 20)

In [58]: ax.transData.transform((5, 0))
Out[58]: array([-171.675 , 181.13333333])

14.2 Axes coordinates

After the data coordinate system, axes is probably the second most useful coordinate system. Here the point
(0,0) is the bottom left of your axes or subplot, (0.5, 0.5) is the center, and (1.0, 1.0) is the top right. You can
also refer to points outside the range, so (-0.1, 1.1) is to the left and above your axes. This coordinate system
is extremely useful when placing text in your axes, because you often want a text bubble in a fixed, location,
eg. the upper left of the axes pane, and have that location remain fixed when you pan or zoom. Here is a
simple example that creates four panels and labels them ‘A’, ‘B’, ‘C’, ‘D’ as you often see in journals.

import numpy as np
import matplotlib.pyplot as plt

fig = plt.figure()
for i, label in enumerate((’A’, 'B’, ’C’, ’'D’)):
ax = fig.add_subplot(2,2,i+1)
ax.text(0.05, 0.95, label, transform-ax.transAxes,
fontsize=16, fontweight="bold’, va="top’)

plt.show()
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You can also make lines or patches in the axes coordinate system, but this is less useful in my experience
than using ax.transAxes for placing text. Nonetheless, here is a silly example which plots some random
dots in data space, and overlays a semi-transparent Circle centered in the middle of the axes with a radius
one quarter of the axes — if your axes does not preserve aspect ratio (see set_aspect()), this will look like
an ellipse. Use the pan/zoom tool to move around, or manually change the data xlim and ylim, and you
will see the data move, but the circle will remain fixed because it is not in data coordinates and will always

remain at the center of the axes.

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.patches as patches

fig = plt.figure(Q)

ax = fig.add_subplot(111)

X, y = 10*np.random.rand(2, 1000)

ax.plot(x, y, 'go’) # plot some data in data coordinates

circ = patches.Circle((0.5, 0.5), 0.25, transform=ax.transAxes,
facecolor="yellow’, alpha=0.5)
ax.add_patch(circ)

plt.show()

14.2. Axes coordinates
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14.3 Blended transformations

Drawing in blended coordinate spaces which mix axes with data coordinates is extremely useful, for ex-
ample to create a horizontal span which highlights some region of the y-data but spans across the x-axis
regardless of the data limits, pan or zoom level, etc. In fact these blended lines and spans are so useful, we
have built in functions to make them easy to plot (see axhline(), axvline(), axhspan(), axvspan())
but for didactic purposes we will implement the horizontal span here using a blended transformation. This
trick only works for separable transformations, like you see in normal Cartesian coordinate systems, but not
on inseparable transformations like the PolarTransform.

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.patches as patches
import matplotlib.transforms as transforms

fig = plt.figure()
ax = fig.add_subplot(111)

x = np.random.randn(1000)

ax.hist(x, 30)
ax.set_title(r’$\sigma=1 \/ \dots \/ \sigma=2$%$’, fontsize=16)
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# the x coords of this transformation are data, and the

# y coord are axes

trans = transforms.blended_transform_factory(
ax.transData, ax.transAxes)

# highlight the 1..2 stddev region with a span.

# We want x to be in data coordinates and y to

# span from 0..1 in axes coords

rect = patches.Rectangle((1,0), width=1, height=1,
transform=trans, color=’yellow’,

alpha=0.5)
ax.add_patch(rect)
plt.show()
c=1 ...0=2
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Note: The blended transformations where x is in data coords and y in axes coordinates
is so useful that we have helper methods to return the versions mpl uses internally for draw-
ing ticks, ticklabels, etc. @ The methods are matplotlib.axes.Axes.get_xaxis_transform()
and matplotlib.axes.Axes.get_yaxis_transform(). So in the example above, the call to
blended_transform_factory() can be replaced by get_xaxis_transform:

trans = ax.get_xaxis_transform()
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14.4 Using offset transforms to create a shadow effect

One use of transformations is to create a new transformation that is offset from another transformation, eg to
place one object shifted a bit relative to another object. Typically you want the shift to be in some physical
dimension, like points or inches rather than in data coordinates, so that the shift effect is constant at different
zoom levels and dpi settings.

One use for an offset is to create a shadow effect, where you draw one object identical to the first just to the
right of it, and just below it, adjusting the zorder to make sure the shadow is drawn first and then the object
it is shadowing above it. The transforms module has a helper transformation ScaledTranslation. It is
instantiated with:

trans = ScaledTranslation(xt, yt, scale_trans)

where xt and yt are the translation offsets, and scale_trans is a transformation which scales xt and yz at trans-
formation time before applying the offsets. A typical use case is to use the figure fig.dpi_scale_trans
transformation for the scale_trans argument, to first scale x¢ and y¢ specified in points to display space before
doing the final offset. The dpi and inches offset is a common-enough use case that we have a special helper
function to create it in matplotlib.transforms.offset_copy(), which returns a new transform with
an added offset. But in the example below, we’ll create the offset transform ourselves. Note the use of the
plus operator in:

offset = transforms.ScaledTranslation(dx, dy,
fig.dpi_scale_trans)
shadow_transform = ax.transData + offset

showing that can chain transformations using the addition operator. This code says: first apply the data
transformation ax.transData and then translate the data by dx and dy points. In typography, a‘point
<http://en.wikipedia.org/wiki/Point_%28typography%29>°_is 1/72 inches, and by specifying your offsets
in points, your figure will look the same regardless of the dpi resolution it is saved in.

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.patches as patches
import matplotlib.transforms as transforms

fig = plt.figure()
ax = fig.add_subplot(111)

# make a simple sine wave

x = np.arange(0., 2., 0.01)

y = np.sin(2*np.pi*x)

line, = ax.plot(x, y, lw=3, color="hlue’)

# shift the object over 2 points, and down 2 points

dx, dy = 2/72., -2/72.

offset = transforms.ScaledTranslation(dx, dy,
fig.dpi_scale_trans)

shadow_transform = ax.transData + offset

# now plot the same data with our offset transform;
# use the zorder to make sure we are below the line
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ax.plot(x, y, 1lw=3, color="gray’,
transform=shadow_transform,
zorder=0.5%1ine.get_zorder())

ax.set_title(’creating a shadow effect with an offset transform’)
plt.show()

clrgating a shadow effect with an offset transform

0.5

0.0

-0.5
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14.5 The transformation pipeline

The ax.transData transform we have been working with in this tutorial is a composite of three different
transformations that comprise the transformation pipeline from data -> display coordinates. Michael Droet-
tboom implemented the transformations framework, taking care to provide a clean API that segregated the
nonlinear projections and scales that happen in polar and logarithmic plots, from the linear affine transfor-
mations that happen when you pan and zoom. There is an efficiency here, because you can pan and zoom in
your axes which affects the affine transformation, but you may not need to compute the potentially expensive
nonlinear scales or projections on simple navigation events. It is also possible to multiply affine transfor-
mation matrices together, and then apply them to coordinates in one step. This is not true of all possible
transformations.

Here is how the ax.transData instance is defined in the basic separable axis Axes class:
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self.transData = self.transScale + (self.transLimits + self.transAxes)

We’ve been introduced to the transAxes instance above in Axes coordinates, which maps the (0,0), (1,1)
corners of the axes or subplot bounding box to display space, so let’s look at these other two pieces.

self.transLimits is the transformation that takes you from data to axes coordinates; i.e., it maps your
view xlim and ylim to the unit space of the axes (and transAxes then takes that unit space to display space).
We can see this in action here

In [80]: ax = subplot(l1l)

In [81]: ax.set_x1im(0, 10)
Out[81]: (0, 18)

In [82]: ax.set_ylim(-1,1)
Out[82]: (-1, 1)

In [84]: ax.transLimits.transform((0,-1))
Out[84]: array([ 0., 0.])

In [85]: ax.transLimits.transform((10,-1))
Out[85]: array([ 1., 0.1)

In [86]: ax.transLimits.transform((10,1))
Out[86]: array([ 1., 1.1)

In [87]: ax.transLimits.transform((5,0))
Out[87]: array([ 0.5, 0.5])

and we can use this same inverted transformation to go from the unit axes coordinates back to data coordi-
nates.

In [90]: inv.transform((0.25, 0.25))
Out[90]: array([ 2.5, -0.5])

The final piece is the self.transScale attribute, which is responsible for the optional non-linear scaling
of the data, eg. for logarithmic axes. When an Axes is initially setup, this is just set to the identity trans-
form, since the basic matplotlib axes has linear scale, but when you call a logarithmic scaling function like
semilogx () or explicitly set the scale to logarithmic with set_xscale(), then the ax.transScale at-
tribute is set to handle the nonlinear projection. The scales transforms are properties of the respective xaxis
and yaxis Axis instances. For example, when you call ax.set_xscale(’log’), the xaxis updates its
scale to amatplotlib.scale.LogScale instance.

For non-separable axes the PolarAxes, there is one more piece to consider, the projection transformation.
The transDatamatplotlib.projections.polar.PolarAxes is similar to that for the typical separable
matplotlib Axes, with one additional piece transProjection:

self.transData = self.transScale + self.transProjection + \
(self.transProjectionAffine + self.transAxes)

transProjection handles the projection from the space, eg. latitude and longitude for map data, or
radius and theta for polar data, to a separable Cartesian coordinate system. There are several projection
examples in the matplotlib.projections package, and the best way to learn more is to open the source
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for those packages and see how to make your own, since matplotlib supports extensible axes and projections.
Michael Droettboom has provided a nice tutorial example of creating a hammer projection axes; see api-
custom_projection_example.
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PATH TUTORIAL

The object underlying all of the matplotlib.patch objects is the Path, which supports the standard set of
moveto, lineto, curveto commands to draw simple and compound outlines consisting of line segments and
splines. The Path is instantiated with a (N,2) array of (x,y) vertices, and a N-length array of path codes. For
example to draw the unit rectangle from (0,0) to (1,1), we could use this code

import matplotlib.pyplot as plt
from matplotlib.path import Path
import matplotlib.patches as patches

verts = [
., 0.), # left, bottom
., 1.), # left, top
(1., 1.), # right, top
(1., 0.), # right, bottom
(., 0.), # ignored

]

codes = [Path.MOVETO,
Path.LINETO,
Path.LINETO,
Path.LINETO,
Path.CLOSEPOLY,
]

path = Path(verts, codes)

fig = plt.figure()
ax = fig.add_subplot(111)

patch = patches.PathPatch(path, facecolor=’orange’, lw=2)

ax.add_patch(patch)
ax.set_xlim(-2,2)
ax.set_ylim(-2,2)
plt.show()
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The following path codes are recognized

Code Vertices Description
STOP 1 (ignored) A marker for the end of the entire path (currently not required and
ignored)

MOVETO | 1 Pick up the pen and move to the given vertex.

LINETO | 1 Draw a line from the current position to the given vertex.

CURVE3 | 2 (1 control point, 1 | Draw a quadratic Bézier curve from the current position, with the
endpoint) given control point, to the given end point.

CURVE4 | 3 (2 control points, | Draw a cubic Bézier curve from the current position, with the given
1 endpoint) control points, to the given end point.

CLOSEPOLY (point itself is Draw a line segment to the start point of the current polyline.
ignored)

15.1 Bézier example

Some of the path components require multiple vertices to specify them: for example CURVE 3 is a bézier
curve with one control point and one end point, and CURVE4 has three vertices for the two control points
and the end point. The example below shows a CURVE4 Bézier spline — the bézier curve will be contained

in the convex hull of the start point, the two control points, and the end point
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import matplotlib.pyplot as plt
from matplotlib.path import Path
import matplotlib.patches as patches

verts = [
., 0.), # PO
(0.2, 1.), # P1
(1., 0.8), # P2
(0.8, 0.), # P3
]

codes = [Path.MOVETO,
Path.CURVE4,
Path.CURVE4,
Path.CURVE4,
]

path = Path(verts, codes)

fig = plt.figure(Q

ax = fig.add_subplot(111)

patch = patches.PathPatch(path, facecolor='none’, lw=2)
ax.add_patch(patch)

xs, ys = zip(*verts)
ax.plot(xs, ys, 'x--’, lw=2, color='black’, ms=10)

ax.text(-0.05, -0.05, 'P0O’)
ax.text(0.15, 1.05, ’P17)
ax.text(1.05, 0.85, 'P27)
ax.text(0.85, -0.05, 'P37")

ax.set_x1im(-0.1, 1.1)
ax.set_ylim(-0.1, 1.1)
plt.show()
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15.2 Compound paths

All of the simple patch primitives in matplotlib, Rectangle, Circle, Polygon, etc, are implemented with
simple path. Plotting functions like hist () and bar (), which create a number of primitives, eg a bunch of
Rectangles, can usually be implemented more efficiently using a compound path. The reason bar creates
a list of rectangles and not a compound path is largely historical: the Path code is comparatively new and
bar predates it. While we could change it now, it would break old code, so here we will cover how to create
compound paths, replacing the functionality in bar, in case you need to do so in your own code for efficiency
reasons, eg you are creating an animated bar plot.

We will make the histogram chart by creating a series of rectangles for each histogram bar: the rectangle
width is the bin width and the rectangle height is the number of datapoints in that bin. First we’ll create
some random normally distributed data and compute the histogram. Because numpy returns the bin edges
and not centers, the length of bins is 1 greater than the length of n in the example below:

# histogram our data with numpy
data = np.random.randn(1000)
n, bins = np.histogram(data, 100)

We’ll now extract the corners of the rectangles. Each of the left, bottom, etc, arrays below is len(n),
where n is the array of counts for each histogram bar:
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# get the corners of the rectangles for the histogram
left = np.array(bins[:-1])

right = np.array(bins[1:])

bottom = np.zeros(len(left))

top = bottom + n

Now we have to construct our compound path, which will consist of a series of MOVETO, LINETO and
CLOSEPOLY for each rectangle. For each rectangle, we need 5 vertices: 1 for the MOVETO, 3 for the LINETO,
and 1 for the CLOSEPOLY. As indicated in the table above, the vertex for the closepoly is ignored but we still
need it to keep the codes aligned with the vertices:

nverts = nrects*(1+3+1)

verts = np.zeros((nverts, 2))
codes = np.ones(nverts, int) * path.Path.LINETO
codes[0::5] = path.Path.MOVETO
codes[4::5] = path.Path.CLOSEPOLY
verts[0::5,0] = left
verts[0::5,1] = bottom
verts[1::5,0] = left
verts[1::5,1] = top

verts[2::5,0] = right
verts[2::5,1] = top

verts[3::5,0] = right
verts[3::5,1] = bottom

All that remains is to create the path, attach it to a PathPatch, and add it to our axes:

barpath = path.Path(verts, codes)

patch = patches.PathPatch(barpath, facecolor=’green’,
edgecolor="yellow’, alpha=0.5)

ax.add_patch(patch)

Here is the result
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CHAPTER
SIXTEEN

ANNOTATING AXES

Do not proceed unless you already have read Annotating text, text () and annotate()!

16.1 Annotating with Text with Box

Let’s start with a simple example.
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The text () function in the pyplot module (or text method of the Axes class) takes bbox keyword argument,
and when given, a box around the text is drawn.

bbox_props = dict(boxstyle="rarrow,pad=0.3", fc="cyan", ec="b", lw=2)
t = ax.text(®, O, "Direction", ha="center", va="center'", rotation=45,
size=15,
bbox=bbox_props)

The patch object associated with the text can be accessed by:

bb = t.get_bbox_patch()

The return value is an instance of FancyBboxPatch and the patch properties like facecolor, edgewidth, etc.
can be accessed and modified as usual. To change the shape of the box, use set_boxstyle method.

bb.set_boxstyle("rarrow", pad=0.6)

The arguments are the name of the box style with its attributes as keyword arguments. Currently, following
box styles are implemented.

Class Name Attrs
LArrow larrow pad=0.3
RArrow rarrow pad=0.3
Round round pad=0.3,rounding_size=None
Round4 round4 pad=0.3,rounding_size=None

Roundtooth | roundtooth | pad=0.3,tooth_size=None
Sawtooth sawtooth pad=0.3,tooth_size=None
Square square pad=0.3
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square

rarrow >
 larrow

Note that the attributes arguments can be specified within the style name with separating comma (this form
can be used as “boxstyle” value of bbox argument when initializing the text instance)

bb.set_boxstyle('"rarrow,pad=0.6")

16.2 Annotating with Arrow

The annotate () function in the pyplot module (or annotate method of the Axes class) is used to draw an
arrow connecting two points on the plot.

ax.annotate("Annotation",
xy=(x1, yl), xycoords=’data’,
xytext=(x2, y2), textcoords='offset points’,

)

This annotates a point at xy in the given coordinate (xycoords) with the text at xytext given in
textcoords. Often, the annotated point is specified in the data coordinate and the annotating text in offset
points. See annotate () for available coordinate systems.

An arrow connecting two point (Xy & xytext) can be optionally drawn by specifying the arrowprops
argument. To draw only an arrow, use empty string as the first argument.
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ax.annotate("",
xy=(0.2, 0.2), xycoords='data’,
xytext=(0.8, 0.8), textcoords=’data’,
arrowprops=dict(arrowstyle="->",
connectionstyle="arc3"),

)
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The arrow drawing takes a few steps.
1. aconnecting path between two points are created. This is controlled by connectionstyle key value.
2. If patch object is given (patchA & patchB), the path is clipped to avoid the patch.
3. The path is further shrunk by given amount of pixels (shirnkA & shrinkB)

4. The path is transmuted to arrow patch, which is controlled by the arrowstyle key value.

I I
connect clip

shﬁnk nu&ate

The creation of the connecting path between two points is controlled by connectionstyle key and fol-
lowing styles are available.
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Name Attrs

angle angleA=90,angleB=0,rad=0.0

angle3 | angleA=90,angleB=0

arc angleA=0,angleB=0,armA=None,armB=None,rad=0.0
arc3 rad=0.0

bar armA=0.0,armB=0.0,fraction=0.3,angle=None

Note that “3” in angle3 and arc3 is meant to indicate that the resulting path is a quadratic spline segment
(three control points). As will be discussed below, some arrow style option only can be used when the
connecting path is a quadratic spline.

The behavior of each connection style is (limitedly) demonstrated in the example below. (Warning : The
behavior of the bar style is currently not well defined, it may be changed in the future).

1 1 T T T T 1 1 T 1 1 T T 1 1 T T
angle3, angle, arc, bar,
H angleA=90, 4 H angleA=-90, | angleA=-90, H fraction=0.3
angleB=0 angleB=180, angleB=0,
! . A o 1| rad=0 o || armA=30, o | o
armB=30,
J / - J
- L] -1 L] - L] L] - L]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 T ) T 1 1 T 1 1 T T 1 1 T
angle3, arc3,rad=0.3 angle, arc, bar,
H angleA=0, 4 ' H angleA=-90, | angleA=-90, H fraction=-0.3
angleB=90 angleB=180, angleB=0,
! . | . 1l rad=5 . 1 armA=30, . | .
armB=30,
\/ / rad=5
- L] -1 L] - L] L] -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T I T T T I T T I I T
- 4 H angleA=-90, | angleA=-90, H angle=180,
angleB=10, angleB=0, fraction=-0.2
| | . 1| rad=0 . 1 armA=0, . & .
armB=40,
/ y rad=0 / F’
- -1 L] - L] L] - L]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The connecting path (after clipping and shrinking) is then mutated to an arrow patch, according to the given

arrowstyle.
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Name Attrs

- None

-> head_length=0.4,head_width=0.2

- widthB=1.0,lengthB=0.2,angleB=None

[ -] widthA=1.0,widthB=1.0

-I> head_length=0.4,head_width=0.2

<- head_length=0.4,head_width=0.2

<-> head_length=0.4,head_width=0.2

<|- head_length=0.4,head_width=0.2

<|-]> head_length=0.4,head_width=0.2

fancy head_length=0.4,head_width=0.4,tail_width=0.4
simple | head_length=0.5head_width=0.5,tail_width=0.2
wedge | tail_width=0.3,shrink_factor=0.5

a—O0) <[|>|+—=()
-< ——9@ ]_}__Q

1>1— () fancy| == ()

<- @—Q simple '=>Q

<>]<—() wedge|=—()

I]+—0O 1O

Some arrowstyles only work with connection style that generates a quadratic-spline segment. They are
fancy, simple, and wedge. For these arrow styles, you must use “angle3” or “arc3” connection style.

If the annotation string is given, the patchA is set to the bbox patch of the text by default.
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As in the text command, a box around the text can be drawn using the bbox argument.

1.0 T T T T

o8] [Test
0.6 1
0.4F 1
0.2r .

0'%.0 0.2 04 06 08 1.0

By default, the starting point is set to the center of the text extent. This can be adjusted with relpos key
value. The values are normalized to the extent of the text. For example, (0,0) means lower-left corner and
(1,1) means top-right.
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16.3 Placing Artist at the anchored location of the Axes

There are class of artist that can be placed at the anchored location of the Axes. A common example is
the legend. This type of artists can be created by using the OffsetBox class. A few predefined classes are
available in mpl_toolkits.axes_grid.anchored_artists

from mpl_toolkits.axes_grid.anchored_artists import AnchoredText
at = AnchoredText("Figure 1la",

prop=dict(size=8), frameon=True,

loc=2,

)
at.patch.set_boxstyle("round,pad=0.,rounding_size=0.2")
ax.add_artist(at)
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The loc keyword has same meaning as in the legend command.

A simple application is when the size of the artist (or collection of artists) is known in pixel size during the
time of creation. For example, If you want to draw a circle with fixed size of 20 pixel x 20 pixel (radius =
10 pixel), you can utilize AnchoredDrawingArea. The instance is created with a size of the drawing area
(in pixel). And user can add arbitrary artist to the drawing area. Note that the extents of the artists that are
added to the drawing area has nothing to do with the placement of the drawing area itself. The initial size
only matters.

from mpl_toolkits.axes_grid.anchored_artists import AnchoredDrawingArea

ada = AnchoredDrawingArea(20, 20, 0, O,

loc=1, pad=0., frameon=False)
pl = Circle((10, 10), 10)
ada.drawing_area.add_artist(pl)
p2 = Circle((30, 10), 5, fc="r'")
ada.drawing_area.add_artist(p2)

The artists that are added to the drawing area should not have transform set (they will be overridden) and
the dimension of those artists are interpreted as a pixel coordinate, i.e., the radius of the circles in above
example are 10 pixel and 5 pixel, respectively.

1-0 I I I I
@
0.8} :
0.6} :
0.4} :

0.2

0'(()).0 0.2 04 06 0.8 1.0

Sometimes, you want to your artists scale with data coordinate (or other coordinate than canvas pixel).
You can use AnchoredAuxTransformBox class. This is similar to AnchoredDrawingArea except that the
extent of the artist is determined during the drawing time respecting the specified transform.

from mpl_toolkits.axes_grid.anchored_artists import AnchoredAuxTransformBox

box = AnchoredAuxTransformBox(ax.transData, loc=2)
el = Ellipse((0,0), width=0.1, height=0.4, angle=30) # in data coordinates!
box.drawing_area.add_artist(el)

The ellipse in the above example will have width and height corresponds to 0.1 and 0.4 in data coordinate
and will be automatically scaled when the view limits of the axes change.
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As in the legend, the bbox_to_anchor argument can be set. Using the HPacker and VPacker, you can have
an arrangement(?) of artist as in the legend (as a matter of fact, this is how the legend is created).
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Note that unlike the legend, the bbox_transform is set to IdentityTransform by default.

16.4 Using Complex Coordinate with Annotation

The Annotation in matplotlib support several types of coordinate as described in Annotating text. For an
advanced user who wants more control, it supports a few other options.

1. Transform instance. For example,

ax.annotate("Test", xy=(0.5, 0.5), xycoords=ax.transAxes)

1s identical to
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ax.annotate("Test", xy=(0.5, 0.5), xycoords="axes fraction")

With this, you can annotate a point in other axes.

axl, ax2 = subplot(121), subplot(122)

ax2.annotate("Test", xy=(0.5, 0.5), xycoords=axl.transData,
xytext=(0.5, 0.5), textcoords=ax2.transData,
arrowprops=dict(arrowstyle="->"))

2. Artist instance. The xy value (or xytext) is interpreted as a fractional coordinate of the bbox (return
value of get_window_extent) of the artist.

anl = ax.annotate("Test 1", xy=(0.5, 0.5), xycoords="data",
va="center", ha="center",
bbox=dict(boxstyle="round", fc="w"))

an2 = ax.annotate('"'Test 2", xy=(l, 0.5), xycoords=anl, # (1,0.5) of the anl’s bbox
xytext=(30,0), textcoords="offset points",
va="center", ha="left",
bbox=dict(boxstyle="round", fc="w"),
arrowprops=dict(arrowstyle="->"))
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Note that it is your responsibility that the extent of the coordinate artist (an/ in above example) is
determined before an2 gets drawn. In most cases, it means that an2 needs to be drawn later than anl.

3. A callable object that returns an instance of either BboxBase or Transform. If a transform is returned,
itis same as 1 and if bbox is returned, it is same as 2. The callable object should take a single argument
of renderer instance. For example, following two commands give identical results

an2 = ax.annotate("Test 2", xy=(1l, 0.5), xycoords=anl,
xytext=(30,0), textcoords="offset points")

an2 = ax.annotate('Test 2", xy=(l, 0.5), xycoords=anl.get_window_extent,
xytext=(30,0), textcoords="offset points")

4. A tuple of two coordinate specification. The first item is for x-coordinate and the second is for y-
coordinate. For example,

annotate('"Test", xy=(0.5, 1), xycoords=("data", "axes fraction"))

0.5 is in data coordinate, and 1 is in normalized axes coordinate. You may use an atist or transform as
with a tuple. For example,
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import matplotlib.pyplot as plt

plt.figure(figsize=(3,2))

ax=plt.axes([0.1, 0.1, 0.8, 0.7])

anl = ax.annotate("Test 1", xy=(0.5, 0.5), xycoords="data",

an2

plt.

1.0
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0.2
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import matplotlib.pyplot as plt

plt.figure(figsize=(3,2))
ax=plt.axes([0.1, 0.1, 0.8, 0.7])

= ax.annotate("Test 2", xy=(0.5,

show ()

va="center", ha="center",
bbox=dict (boxstyle="round", fc="w"))

1.), xycoords=anl,

xytext=(0.5,1.1), textcoords=(anl, "axes fraction"),

va="bottom", ha="center",
bbox=dict(boxstyle="round", fc="w"),
arrowprops=dict(arrowstyle="->"))

|Test 1|

.0 0.2 04 06 0.3

1.0

. Sometimes, you want your annotation with some “offset points”, but not from the annotated point but
from other point. OffsetFrom is a helper class for such case.

anl = ax.annotate('"Test 1", xy=(0.5, 0.5), xycoords="data",

va="center", ha="center",
bbox=dict(boxstyle="round", fc="w"))

from matplotlib.text import OffsetFrom

offset_from = OffsetFrom(anl,

(0.5, 0)

an2 = ax.annotate('Test 2", xy=(0.1, 0.1), xycoords="data",
xytext=(0, -10), textcoords=offset_from,
# xytext is offset points from "xy=(0.5, 0), xycoords=anl"

plt.show()

va="top", ha="center",
bbox=dict(boxstyle="round", fc="w
arrowprops=dict(arrowstyle="->"))
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You may take a look at this example pylab_examples-annotation_demo3.

16.5 Usi

ng ConnectorPatch

The ConnectorPatch is like an annotation without a text. While the annotate function is recommended in
most of situation, the ConnectorPatch is useful when you want to connect points in different axes.

from matplotlib.patches import ConnectionPatch

xy = (0.2,

0.2)

con = ConnectionPatch(xyA=xy, xyB=xy, coordsA="data", coordsB="data",

axesA=axl, axesB=ax2)

ax2.add_artist(con)

The above code connects point xy in data coordinate of ax1 to point Xy int data coordinate of ax2. Here is
a simple example.
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While the ConnectorPatch instance can be added to any axes, but you may want it to be added to the axes in
the latter (?) of the axes drawing order to prevent overlap (?) by other axes.

16.5. Using ConnectorPatch
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16.5.1 Advanced Topics
16.6 Zoom effect between Axes

mpl_toolkits.axes_grid.inset_locator defines some patch classes useful for interconnect two axes. Under-
standing the code requires some knowledge of how mpl’s transform works. But, utilizing it will be straight
forward.
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16.7 Define Custom BoxStyle

You can use a custom box style. The value for the boxstyle can be a callable object in following forms.:

def __call__(self, x0, y®, width, height, mutation_size,
aspect_ratio=1.):

Given the location and size of the box, return the path of
the box around it.

- *x0%, *y0%*, *width*, *height* : location and size of the box
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- *mutation_size* : a reference scale for the mutation.
- *aspect_ratio* : aspect-ration for the mutation.
path = ...
return path

Here is a complete example.
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However, it is recommended that you derive from the matplotlib.patches.BoxStyle._Base as demonstrated
below.

from matplotlib.path import Path
from matplotlib.patches import BoxStyle
import matplotlib.pyplot as plt

# we may derive from matplotlib.patches.BoxStyle._Base class.
# You need to overide transmute method in this case.

class MyStyle(BoxStyle._Base):

mren

A simple box.

o

def __init__(self, pad=0.3):
The arguments need to be floating numbers and need to have
default values.

:'rpad:':
amount of padding

o

self.pad = pad
super (MyStyle, self).__init__Q)
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def transmute(self, x0, y®, width, height, mutation_size):
Given the location and size of the box, return the path of
the box around it.

- *x0%, *y0%, *width*, *height* : location and size of the box
- *mutation_size* : a reference scale for the mutation.

Often, the *mutation_size* is the font size of the text.
You don’t need to worry about the rotation as it is
automatically taken care of.

e

# padding
pad = mutation_size * self.pad

# width and height with padding added.
width, height = width + 2.*pad, \
height + 2.*pad,

# boundary of the padded box
x0, y® = x0-pad, y0-pad,
x1, yl = x0+width, y® + height

cp = [(x0, y®),
x1, y®, 1, yl), 0, yD),
(x0-pad, (y0+yl1)/2.), (x0, y0),
(x0, y®)]

com = [Path.MOVETO,
Path.LINETO, Path.LINETO, Path.LINETO,
Path.LINETO, Path.LINETO,
Path.CLOSEPOLY]
path = Path(cp, com)
return path
# register the custom style
BoxStyle._style_list["angled"] = MyStyle
plt.figure(l, figsize=(3,3))
ax = plt.subplot(111)
ax.text(0.5, 0.5, "Test", size=30, va="center", ha="center", rotation=30,
bbox=dict(boxstyle="angled,pad=0.5", alpha=0.2))
del BoxStyle._style_list["angled"]

plt.show()
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Similarly, you can define custom ConnectionStyle and custom ArrowStyle. See the source code of

lib/matplotlib/patches.py and check how each style class is defined.

16.7. Define Custom BoxStyle
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CHAPTER
SEVENTEEN

OUR FAVORITE RECIPES

Here is a collection of short tutorials, examples and code snippets that illustrate some of the useful idioms
and tricks to make snazzier figures and overcome some matplotlib warts.

17.1 Sharing axis limits and views

It’s common to make two or more plots which share an axis, eg two subplots with time as a common axis.
When you pan and zoom around on one, you want the other to move around with you. To facilitate this,
matplotlib Axes support a sharex and sharey attribute. When you create a subplot () or axes () instance,
you can pass in a keyword indicating what axes you want to share with

In [96]: t = np.arange(0®, 10, 0.01)
In [97]: axl = plt.subplot(211)

In [98]: axl.plot(t