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Mastering Matplotlib covers use cases and unusual cases that require powerful tools. With easy-to-follow examples and the high-end components of Matplotlib, this book will enable you to develop advanced and interactive plots using Python scripting and Matplotlib. 

Matplotlib is a multi-platform data visualization tool built upon the NumPy and SciPy frameworks. One of Matplotlib's most important features is its ability to work well with many operating systems and graphics backends. 



In this book, you'll get hands-on with customizing your data plots with the help of Matplotlib. You'll start with customizing plots, making a handful of special-purpose plots, and building 3D plots. You'll explore non-trivial layouts, Pylab customization, and tile configuration. You'll be able to add text, put lines in plots, and also handle polygons, shapes, and annotations. Non-Cartesian and vector plots are exciting to construct, and you'll explore them further in this book. You'll delve into niche plots and visualize ordinal and tabular data.



In this book, you'll be exploring 3D plotting, one of the best features when it comes to 3D data visualization, along with Jupyter Notebook, widgets, and creating movies for enhanced data representation. Geospatial plotting will be also be explored. Finally, you'll learn how to create interactive plots with the help of Jupyter. By the end of this book, you'll be able to construct advanced plots with additional customization techniques and 3D plot types.



            

            
        
    
        

                            
                    Who this book is for

                
            
            
                
This book is aimed at individuals who want to explore data visualization techniques. Basic knowledge of Matplotlib and Python is required.



            

            
        
    
        

                            
                    What this book covers

                
            
            
                
Chapter 1, Heavy Customization, covers customizing Pylab and also learn about working on non-trivial layouts and the different Matplotlib configuration files.

Chapter 2, Drawing on Plots, explains how to put lines in place and add text to your plots. We will also learn about playing with polygons, shapes, and versatile annotating.



Chapter 3, Special Purpose Plots, covers non-Cartesian plots and plotting vector fields. We will also learn about statistics with boxes and violins, and also visualize ordinal and tabular data.

Chapter 4, 3D and Geospatial, explores plotting with 3D axes, looking at the various 3D plot types and the Basemap methods. We will also learn about plotting on map projections and adding geography.

Chapter 5, Interactive Plotting, looks at interactive plots in Jupyter Notebook and event handling with plot callbacks. We will also learn about GUI neutral widgets and how to make movies.



            

            
        
    



        

                            
                    To get the most out of this book

                
            
            
                
The readers should have basic knowledge of Python.



            

            
        
    
        

                            
                    Download the example code files

                
            
            
                
You can download the example code files for this book from your account at www.packt.com. If you purchased this book elsewhere, you can visit www.packt.com/support and register to have the files emailed directly to you.

You can download the code files by following these steps:


	Log in or register at www.packt.com.

	Select the SUPPORT tab.

	Click on Code Downloads & Errata.

	Enter the name of the book in the Search box and follow the onscreen instructions.



Once the file is downloaded, please make sure that you unzip or extract the folder using the latest version of:


	WinRAR/7-Zip for Windows

	Zipeg/iZip/UnRarX for Mac

	7-Zip/PeaZip for Linux



The code bundle for the book is also hosted on GitHub at https://github.com/PacktPublishing/Mastering-Matplotlib-2.x. In case there's an update to the code, it will be updated on the existing GitHub repository.



We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!



            

            
        
    
        

                            
                    Download the color images

                
            
            
                
We also provide a PDF file that has color images of the screenshots/diagrams used in this book. You can download it here: http://www.packtpub.com/sites/default/files/downloads/9781789617696_ColorImages.pdf.
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There are a number of text conventions used throughout this book.

CodeInText: Indicates code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles. Here is an example: "The easiest way to do this is to remove the plot keyword and call semilogy."

A block of code is set as follows:

import numpy as np 
import matplotlib as mpl 
import matplotlib.pyplot as plt 
%matplotlib inline

Any command-line input or output is written as follows:

$ mkdir css
$ cd css

Bold: Indicates a new term, an important word, or words that you see onscreen. For example, words in menus or dialog boxes appear in the text like this. Here is an example: "Select System info from the Administration panel."

Warnings or important notes appear like this.

Tips and tricks appear like this.
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Feedback from our readers is always welcome.

General feedback: If you have questions about any aspect of this book, mention the book title in the subject of your message and email us at customercare@packtpub.com.

Errata: Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you have found a mistake in this book, we would be grateful if you would report this to us. Please visit www.packt.com/submit-errata, selecting your book, clicking on the Errata Submission Form link, and entering the details.

Piracy: If you come across any illegal copies of our works in any form on the Internet, we would be grateful if you would provide us with the location address or website name. Please contact us at copyright@packt.com with a link to the material.

If you are interested in becoming an author: If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, please visit authors.packtpub.com.
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Please leave a review. Once you have read and used this book, why not leave a review on the site that you purchased it from? Potential readers can then see and use your unbiased opinion to make purchase decisions, we at Packt can understand what you think about our products, and our authors can see your feedback on their book. Thank you!

For more information about Packt, please visit packt.com.
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This book will teach us about advanced Matplotlib plots. It will enable you to go from data to plot to insight, in order to take raw numbers, raw information, and turn them into a visualization, which will allow us to build within our mind the actual bit of insight on how the data behaves. This will also focus on the advanced tools to derive more subtle insights from your data. 

In this chapter, we will be focusing on the advanced tools of plotting so that you can really derive more subtle insights from your data. The prerequisites for this course give us a basic understanding of Python and the ability to use NumPy to work with array data.

We will learn about the following topics:


	Using style sheets to customize our plot's appearance

	Working with Matplotlib colors

	Building multi-panel plots with complex layouts

	How to configure Matplotlib to use our preferences whenever we start up a new Matplotlib session





            

            
        
    
        

                            
                    Customizing PyLab using style

                
            
            
                
We will start by importing numpy, matplotlib, and pyplot, as follows:

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

We will also import matplotlib and also import a couple of extra lines to make our plots show up in a proper format:

%matplotlib inline
# Set up figure size and DPI for screen demo
plt.rcParams['figure.figsize'] = (6,4)
plt.rcParams['figure.dpi'] = 150

from scipy.ndimage.filters import gaussian_filter
plt.subplot(221)
plt.text(0.5, 0.5, 'hello')
plt.plot(np.arange(0,1,0.01), np.power(np.arange(0,1,0.01), 3))
plt.ylabel('Axis Label')
plt.subplot(222)
plt.scatter(np.random.normal(size=10), np.random.normal(size=10), c=np.random.normal(size=10))
plt.subplot(223)
plt.hist(np.random.normal(size=1000));
plt.hist(np.random.normal(1, size=1000));
plt.hist(np.random.normal(2, size=500));
plt.ylabel('Axis Label')
plt.xlabel('Axis Label')
plt.subplot(224)
plt.imshow(gaussian_filter(np.random.normal(size=(200,300)), sigma=10))
plt.xlabel('Axis Label')

We will begin with the preceding big block of code and will make an array—a little grid of four plots showing four basic plot types which includes a line plot (top left), a scatter plot (top right), a histogram (bottom left), and an image plot (bottom right), along with the respective axis labels:





By default, Matplotlib will choose some fairly sensible choices for things like fonts, colors, and the other appearance attributes of these plots. These defaults aren't the only choices for appearance attributes that Matplotlib provides.



            

            
        
    
        

                            
                    How to use styles to change the appearance of our plots

                
            
            
                
By using the style module within pyplot, you can see that when we call the function available, we actually get a list containing a number of different styles. Let's assume that each of these different styles acts to change the attributes and the appearance of the plots:



So, by using the plot.style.use method, we can load up any one of these default style sheets. Using the ggplot (as shown in the preceding output) will actually mimic the appearance of the ggplot library, as you can see in the following code:

# Using styles
plt.style.use('dark_background')
from scipy.ndimage.filters import gaussian_filter
plt.subplot(221)
plt.plot(np.arange(0,1,0.01), np.power(np.arange(0,1,0.01), 3))
plt.ylabel('Axis Label')
plt.subplot(222)
plt.scatter(np.random.normal(size=10), np.random.normal(size=10), c=np.random.normal(size=10))
plt.subplot(223)
plt.hist(np.random.normal(size=1000));
plt.hist(np.random.normal(1, size=1000));
plt.hist(np.random.normal(2, size=500));
plt.ylabel('Axis Label')
plt.xlabel('Axis Label')
plt.subplot(224)
plt.imshow(gaussian_filter(np.random.normal(size=(200,300)), sigma=10))
plt.xlabel('Axis Label')

After calling the plt.style.use('ggplot') method, we have the same kind of plots shown, but the axis objects and the appearance of these has been changed fairly significantly. There exists a white grid on a gray background, the fonts have changed as well as their colors, and the default color choices have changed as well.

Hence, we see that the histogram will have different colors, as shown in the following output:



We can also change this to any other choice as well. If you're familiar with the Seaborn library, a Python library for doing more complicated analysis statistically, you can choose options that will mimic the Seaborn library:

# Using styles
plt.style.use('seaborn-talk')
from scipy.ndimage.filters import gaussian_filter
plt.subplot(221)
plt.plot(np.arange(0,1,0.01), np.power(np.arange(0,1,0.01), 3))
plt.ylabel('Axis Label')
plt.subplot(222)
plt.scatter(np.random.normal(size=10), np.random.normal(size=10), c=np.random.normal(size=10))
plt.subplot(223)
plt.hist(np.random.normal(size=1000));
plt.hist(np.random.normal(1, size=1000));
plt.hist(np.random.normal(2, size=500));
plt.ylabel('Axis Label')
plt.xlabel('Axis Label')
plt.subplot(224)
plt.imshow(gaussian_filter(np.random.normal(size=(200,300)), sigma=10))
plt.xlabel('Axis Label')
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In this section, we will be learning about various styles provided by Matplotlib such as temporary styles or creating your own custom styles. The following are a few examples of different styles:

# Temporary styles
plt.style.use('classic')
from scipy.ndimage.filters import gaussian_filter
plt.subplot(221)
plt.plot(np.arange(0,1,0.01), np.power(np.arange(0,1,0.01), 3))
plt.ylabel('Axis Label')
plt.subplot(222)
with plt.style.context('ggplot'):
 plt.scatter(np.random.normal(size=10), np.random.normal(size=10), c=np.random.normal(size=10))
plt.subplot(223)
plt.hist(np.random.normal(size=1000));
plt.hist(np.random.normal(1, size=1000));
plt.hist(np.random.normal(2, size=500));
plt.ylabel('Axis Label')
plt.xlabel('Axis Label')
plt.subplot(224)
plt.imshow(gaussian_filter(np.random.normal(size=(200,300)), sigma=10))
plt.xlabel('Axis Label')

Using the dark background will give you an image that shows up nicely on a dark background, hence if you're building slides, you might want to use the dark background style sheet:

# Custom styles
plt.style.use('bigpoints')
from scipy.ndimage.filters import gaussian_filter
plt.subplot(221)
plt.plot(np.arange(0,1,0.01), np.power(np.arange(0,1,0.01), 3), 'ko')
plt.ylabel('Axis Label')
plt.subplot(222)
plt.scatter(np.random.normal(size=10), np.random.normal(size=10), c=np.random.normal(size=10))
plt.subplot(223)
plt.hist(np.random.normal(size=1000));
plt.hist(np.random.normal(1, size=1000));
plt.hist(np.random.normal(2, size=500));
plt.ylabel('Axis Label')
plt.xlabel('Axis Label')
plt.subplot(224)
plt.imshow(gaussian_filter(np.random.normal(size=(200,300)), sigma=10))
plt.xlabel('Axis Label')

You will see the output, which shows the black background:
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