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Preface

§ Book Approach

The book follows a very simple approach. It is divided into
10 chapters. Chapter 1 contains an introduction while the 2n
and 3™ chapters cover the Matplotlib library. Python’s Seaborn
library is covered in 4% and 5% chapters while the 6™ and 7t
chapters explore the Pandas library. The 8% chapter covers 3-D
plotting, while the 9% chapter explains how to draw maps via
the Basemap library. Finally, the 10" chapter covers interactive
data visualization via the Plotly library.

In each chapter, different types of plots have been explained
theoretically, followed by practical examples. Each chapter
also contains an exercise that students can use to evaluate
their understanding of the concepts explained in the chapter.
The Python notebook for each chapter is provided in the
resources. It is advised that instead of copying the code, you
write the code yourself, and in case of error, you match your
code with the corresponding Python notebook, find, and then
correct the error.
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§ Data Science and Data Visualization

Data science and data visualization are two different but
interrelated concepts. Data science refers to the science of
extracting and exploring data in order to find patterns that
can be used for decision making at different levels. Data
visualization can be considered as a subdomain of data science
where you visualize data with the help of graphs and tables in
order to find out which data is most significant and can help
in the identification of important patterns. Data visualization
can also be considered as a standalone discipline where you
just want to visually analyze data and base your decision on
the visual representation of data.

This book is dedicated to data visualization and explains how
to perform data visualization on a variety of datasets using
various data visualization libraries written in the Python
programming language. It is suggested that you use this
book for data visualization purposes only and not for decision
making. For decision making and pattern identification, read
this book in conjunction with a dedicated book on machine
learning and data science.

& Who Is This Book For?

This book explains the process of data visualization using
various libraries from scratch. Hence, the book is aimed
ideally at absolute beginners to data visualization. Though a
background in the Python programming language and data
visualization can help speed up learning, the book contains
a crash course on Python programming language in the first
chapter. Therefore, the only prerequisite to efficiently using this
book is access to a computer with the internet. All the codes
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and datasets have been provided. However, to download data
visualization libraries, you will need the internet.

In addition to beginners in data visualization, this book can
also be used as a reference manual by intermediate and
experienced programmers as it contains data visualization
code samples using multiple data visualization libraries.

§ How to Use this Book?

As | said earlier, the data visualization libraries taught in this
book have been divided into multiple chapters. To get the
best out of this book, | would suggest that you first get your
feet wet with the Python programming language, especially
the object-oriented programming concepts. To do so, you
can take a crash course on Python in chapter 1 of this book.
Also, try to read the other chapters of this book in order
since concepts taught in the subsequent chapters are based
on previous chapters. In each chapter, try to first understand
the theoretical concepts behind different types of plots and
then try to execute the example code. | would again stress
that rather than copy and pasting code, try to write the code
yourself, and in case of any error, you can match your code
with the source code provided in the book as well as in the
Python notebooks in the resources. Finally, try to answer the
questions asked in the exercises at the end of each chapter.
The solutions to the exercises have been given at the end of
the book.
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Introduction

1.1. What is Data Visualization

Data visualization is the process of visualizing data in order to
identify important patterns in the data that can be used for
organizational decision making. Visualizing data graphically
can reveal trends that otherwise may remain hidden from the
naked eye.

Data visualization is a precursor to many important processes
such as Data Science, Machine Learning, Business Intelligence,
and Data Analytics. Data visualization is, without any doubt,
one of the most important skillsets of the 21t century for a
variety of jobs.

In the first chapter of this book, you will see how to set up the
Python environment needed to run various data visualization
libraries. The chapter also contains a crash Python course
for absolute beginners in Python. Finally, the different data
visualization libraries that we are going to study in this book
have been discussed. The chapter ends with a simple exercise.
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1.2. Environment Setup

1.2.1. Windows Setup

The time has come to install Python on Windows using an
IDE. In fact, we will use Anaconda throughout this book right
from installing Python to writing multithreaded codes in the
coming lectures. Now, let us get going with the installation.

This section explains how you can download and install
Anaconda on Windows.

To download and install Anaconda, follow these steps.

1. Open the following URL in your browser.

https://www.anaconda.com/distribution/

2. The browser will take you to the following webpage.
Select the latest version of Python (3.7 at the time of
writing this book). Now, click the Download button
to download the executable file. Depending upon the
speed of your internet, the file will download within 2-3

minutes.
== Windows ‘ . macOS ‘ (1\ Linux
Anaconda 2019.07 for Windows Installer
Python 3.7 version Python 2.7 version

64-Bit Graphical Installer (486 MB) 64-Bit Graphical Installer (427 MB)
32-Bit Graphical Installer (418 MB) 32-Bit Graphical Installer (361 MB)

3. Run the executable file after the download is complete.
You will most likely find the download file in your


https://www.anaconda.com/distribution/
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download folder. The name of the file should be similar
to “Anaconda3-5.1.0-Windows-x86_64.” The installation
wizard will open when you run the file, as shown in the
following figure. Click the Next button.

2 Anaconda3 3.1.0 (64-bit) Setup — »

Welcome to Anaconda3 5.1.0

(64-bit) Setup
Q Setup will guide you through the installation of Anaconda3
5.1.0 (54-bit).

ANACONDA.

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue,

I Mext = || Cancel |

Now click / Agree on the License Agreement dialog, as
shown in the following screenshot.

2 Anacenda3 5.1.0 (64-bit) Setup - %
e License Agreement
':.) ANACONDA Please review the license terms before instaling Anaconda3 5.1.0
(&4-bit).

Press Page Down to see the rest of the agreement.

_______________________ ~
Anaconda End User License Agreement
Copyright 2015, Anaconda, Inc.
All rights reserved under the 3-dause BSD License:
Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

]

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Anaconda3 5. 1.0 (&4-bit).

Anaconda, Inc.

| < Back || 1 Agree || Cancel
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5. Check the Just Me radio button from the Select

Installation Type dialogue box. Click the Next button to
continue.

2 Anaconda3 5.1.0 (64-bit) Setup — %

Select Installation Type
‘:.) ANACONDA Please select the type of installation you would like to perform for

Anaconda3 5. 1.0 (64-bit).
Install for:

(®) Just Me (recommended)

(O All Users (requires admin privileges)

6. Now, the Choose /nstall Location dialog will be displayed.
Change the directory if you want, but the default is
preferred. The installation folder should at least have 3
GB of free space for Anaconda. Click the Next button.

2 Anaconda3 5.1.0 (64-bit) Setup — X

Choose Install Location
‘:.) ANACONDA Choose the folder in which to install Anaconda3 5. 1.0 (54-bit).

Setup will install Anaconda3 5. 1.0 (64-bit) in the following folder. To install in a different
folder, dick Browse and select another folder. Click Next to continue.

Destination Folder

Browse...

Space required: 2,5GB
Space available: 148.5GB

7. Go for the second option, as my Register Anaconda
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default Python 3.7 in the Advanced Installation Options
dialogue box. Click the /nstall button to start the
installation, which can take some time to complete.

D Anaconda3 5.1.0 (64-bit) Setup — b4

Advanced Installation Options
":D ANACONDA Customize how Anaconda integrates with Windows

Advanced Options

[] Add Anaconda to my PATH environment variable

Mot recommended. Instead, open Anaconda with the Windows Start
menu and select "Anaconda (64-bit)", This “add to PATH" option makes
Anaconda get found before previously installed software, but may
cause problems requiring you to uninstall and reinstall Anaconda.

Register Anaconda as my default Python 3.6

This will allow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.6 on the system,

Anaconda, Inc,

8. Click Next once the installation is complete.

D Anaconda3 5.1.0 (64-bit) Setup —

Installation Complete
":J ANACONDA Setup was completed successfully,

Completed

Show details

Anaconda, Inc,

< Back Cancel
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9. Click Skip on the Microsoft Visual Studio Code
Installation dialog box.

2 Anaconda3 5.1.0 (64-bit) Setup — %

¥ Anaconda3 5.1.0 (64-bit)
':J ANACONDA Microsoft Visual Studio Code Installation

Anaconda has partnered with Microsoft to bring you Visual Studio Code. Visual Studio
Code is & free, open source, streamlined cross-platform code editor with excellent
support for Python code editing, InteliSense, debugging, linting, version control, and
moare.

To install visual Studio Code, you will need Administrator Privileges and Internet
connectivity.

Visual Studio Code License

| & Install Microsoft VSCode

Anaconda, Inc.

< Back I Skip || Cancel |

10. You have successfully installed Anaconda on your
Windows. Excellent job. The next step is to uncheck
both checkboxes on the dialog box. Now, click on the
Finish button.

2 Anaconda3 5.1.0 (64-bit) Setup —

Thanks for installing Anaconda3!

P
e, ) Anaconda is the most popular Python data sdence platform.

Share your notebooks, packages, projects and environments
ANACONDA on Anaconda Cloud! ' '

[ Learn more about Anaconda Cloud

[JLearn how to get started with Anaconda

<Back || Finish Cancel
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1.2.2. Mac Setup

Anaconda’s installation process is almost the same for Mac. It
may differ graphically, but you will follow the same steps you
followed for Windows. The only difference is that you have to
download the executable file, which is compatible with the
Mac operating system.

This section explains how you can download and install
Anaconda on Mac.

To download and install Anaconda, follow these steps.

1. Open the following URL in your browser.

https://www.anaconda.com/distribution/

2. The browser will take you to the following webpage.
Select the latest version of Python for Mac (3.7 at the
time of writing this book). Now, click the Download
button to download the executable file. Depending
upon the speed of your internet, the file will download
within 2-3 minutes.

22 windows | & macos | O Linux

Anaconda 2019.07 for macOS Installer

Python 3.7 version Python 2.7 version

64-Bit Graphical Installer (653 MB) 64-Bit Graphical Installer (634 MB)
64-Bit Command Line Installer (435 MB) 64-Bit Command Line Installer (408 MB )

3. Run the executable file after the download is complete.
You will most likely find the downloaded file in your
download folder. The name of the file should be much


https://www.anaconda.com/distribution/
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the same as “Anaconda3-5.1.0-Windows-x86_64." The
installation wizard will open when you run the file, as
shown in the following figure. Click the Continue button.

Install Anaconda3 =

This package will run a program to

& determine if the software can be installed.
To keep your computer secure, you should only run
programs or install software from a trusted source. If

you're not sure about this software’s source, click
Cancel to stop the program and the installation.

Cancel Continue

w47

O

ANACONDA

Go Back Continue

4. Now click Continue on the Welcome to Anaconda 3
Installer window, as shown in the following screenshot.

® w Install Anaconda3 =

Welcome to the Anaconda3 Installer

You will be guided through the steps necessary to install this

o Introduction software.

® Read Me
License
Destination Select
Installation Type
Installation
Microsoft VSCode

Summary

ANACONDA

Pro
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The Important Information dialog will pop up. Simply,
click Continue to go with the default version, that is,
Anaconda 3.

L 4

Important Information

Anaconda is the most popular Python data science platform. See

@ Introduction https://www.anaconda.com/downloads/.
o By default, this installer modifies your bash profile to put
License Anaconda3 in your PATH. To disable this, choose "Customize"
S e at the "Installation Type" phase, and disable the "Modify PATH"
Sl e option. If you do not do this, you will need to add ~/anaconda3/
Installation Type bin to your PATH manually to run the commands, or run all
. Anaconda3 commands explicitly from that path.
Installation
Microsoft VSCode To install to a different location, select "Change Install
Location..." at the "Installation Type" phase, then choose "Install
Summary on a specific disk...", choose the disk you wish to install on, and
click "Choose Folder...". The "Install for me only" option will
’ install Anaconda3 to the default location, ~/anaconda3.
'=D The packages included in this installation are:

AN AC o N D A = defaults::alabaster 0.7.10

- defaults::anaconda-client 1.6.9
- defanlts::anaconda-nroiect 0.8.2

Click Continue on the Software License Agreement

Dialog.
@ '« Install Anaconda3 o)
Software License Agreement
@ Introduction Anaconda End User License Agreement
@ Read Me
Copyright 2015, Anaconda, Inc.
@ License

£ All rights reserved under the 3-clause BSD License:
Destination Select

Installation Type Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:
Installation
* Redistributions of source code must retain the above copyright notice,
Microsoft VSCode this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the above copyright
Summary notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
oS * Neither the name of Anaconda, Inc. ("Anaconda, Inc.") nor the names
of its contributors may be used to endorse or promote products derived
8 from this software without specific prior written permission.

ANACO N DA THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED

Print... Save... Go Back
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7. It is mandatory to read the license agreement and click
the Agree button before you can click the Continue
button again.

‘e Install Anaconda3 a

To continue installing the software you must agree to the terms of
the software license agreement.

e g Click Agree to continue or click Disagree to cancel the installation and
® Rei quit the Installer.
e Lig
2| Read License Disagree
Ins
B O R ||-. H
Installation
_ * Redistributions of source code must retain the above copyright notice,
Microsoft VSCode this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the above copyright
Summary notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of Anaconda, Inc. ("Anaconda, Inc.”) nor the names
of its contributors may be used to endorse or promote products derived
KN from this software without specific prior written permission.

A NACO N DA THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS "AS 1S" AND ANY EXPRESS OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED

Print... Save... Go Back Continue

8. On the next window that appears, just click /nstall.

2] '« Install Anaconda3 a
Standard Install on “Macintosh HD"

By - This will take 2.05 GB of space on your computer.

» Read Me Click Install to perform a standard installation of this software
= on the disk "Macintosh HD".
@ License
« Destination Select
« Installation Type
Installation
Microsoft VSCode

Summary

ANACO NDA Change Install Location...
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The system will prompt you to give your password. Use the

same password you use to login to your Mac computer. Now,

click on Install Software.

@ Introduction

® Read Me

e License

» Destination Select

@ Installation Type

© Installation
Microsoft VSCodj{

Summary

O

ANACOND)|

)

-

Installing Anaconda3

Preparing for installation...

= Installer is trying to install new software.

=~
i ' Enter your password to allow this.

User Name: Michael Galarnyk

Password:

Cancel Install Software l

9. Click Continue on the next window. You also have the

option to install Microsoft VSCode at this point.

@ Introduction

® Read Me

» License

» Destination Select
@ Installation Type
@ Installation

@ Microsoft VSCode

® Summary

ANACONDA

P

‘s Install Anaconda3 @

Microsoft Visual Studio Code

Anaconda has partnered with Microsoft to bring you
Visual Studio Code. Visual Studio Code is a free, open
source, streamlined cross-platform code editor with
excellent support for Python code editing, IntelliSense,
debugging, linting, version control, and more.

To install VS Code, you will require Internet Connectivity.

Click the button below to install Visual Studio Code

Visual Studio Code License

Install Microsoft VSCode

Continue
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The next screen will display the message that the installation
has completed successfully. Click on the Close button to close
the installer.

L3

The installation was completed successfully.

Anaconda is the most popular Python data science platform.
Introduction

!
Raad M Share your notebooks and packages on Anaconda Cloud!

Sign up for free
License

Destination Select
Installation Type
Installation
Microsoft VSCode
Summary

ANACONDA

There you have it. You have successfully installed Anaconda
on your Mac computer. Now, you can write Python code in
Jupyter and Spyder the same way you wrote it in Windows.

1.2.3. Linux Setup

We have used Python’s graphical installers for installation on
Windows and Mac. However, we will use the command line to
install Python on Ubuntu or Linux. Linux is also more resource-
friendly, and the installation of software is particularly easy, as
well.

Follow these steps to install Anaconda on Linux (Ubuntu
distribution).

1. Go to the following link to copy the installer bash script
from the latest available version.
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https../www.anaconda.com/distribution,

R Windows ‘ & macos ‘ (’_“ Linux

Anaconda 2019.07 for Linux Installer

Python 3.7 version Python 2.7 version

64-Bit (x86) Installer (517 MB) ©64-Bit (x86) Installer (476 MB)
64-Bit (Power8 and Power9) Installer (326 MB) 64-Bit (Power8 and Power9) Installer (298 MB)

2. The second step is to download the installer bash script.
Log into your Linux computer and open your terminal.
Now, go to /temp directory and download the bash you
downloaded from Anaconda’s home page using curl.

$ cd / tmp

$ curl -o https://repo.anaconda.com.archive/
Anaconda3-5.2.0-Linux-x86_64.sh

3. You should also use the cryptographic hash verification
through SHA-256 checksum to verify the integrity of
the installer.

$ sha256sum Anaconda3-5.2.0-Linux-x86_64.sh

You will get the following output.

09153738b0cd3bb96f5blbac488e5528df9906be2480fe61df -
40e0e0d19e3d48
Anaconda3-5.2.0-Linux-x86_64.sh

4. The fourth step is to run the Anaconda Script, as shown
in the following figure.

$ bash Anaconda3-5.2.0-Linux-x86_64.sh



https://www.anaconda.com/distribution/
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The command line will produce the following output.
You will be asked to review the license agreement. Keep
on pressing Enter until you reach the end.

Output
Welcome to Anaconda3 5.2.0

To continue the installation process, kindly review
the license agreement.

Please, press Enter to continue

>>>

Do you approve the license terms? [yes|No]

Type Yes when you get to the bottom of the License
Agreement.

5. The installer will ask you to choose the installation
location after you agree to the license agreement.
Simply press Enter to choose the default location. You
can also specify a different location if you want.

Output

Anaconda3 will now be installed on this location:
/home/tola/anaconda3

- Press ENTER to confirm the location
- Press CTRL-C to abort the installation

- Or specify a different location below

[/home/tola/anaconda3] >>>

The installation will proceed once you press Enter. Once
again, you have to be patient as the installation process
takes some time to complete.
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6. You will receive the following result when the installation
is complete. If you wish to use conda command, type
Yes.

Output

Installation finished.

Do you wish the installer to prepend Anaconda3
install location to path in your /home/tola/.bashrc?
[yes|no]

[no]>>>

At this point, you will also have the option to download
the Visual Studio Code. Type yes or no to install or
decline, respectively.

7. Use the following command to activate your brand-
new installation of Anaconda3.

$ source " /.bashrc

8. You can also test the installation using the conda
command.

$ conda list

Congratulations! You have successfully installed
Anaconda on your Linux system.

1.3. Python Crash Course

If you are familiar with the elementary concepts of the Python
programming language, you can skip this section. For those
who are absolute beginners to Python, this section provides
a very brief overview of some of the most basic concepts of
Python. Python is a very vast programming language, and this
section is by no means a substitute for a complete Python
book. However, if you want to see how various operations and
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commands are executed in Python, you are welcome to follow
along the rest of this section.

1.3.4. Writing Your First Program

You have already installed Python on your computer and
established a unique environment in the form of Anaconda.
Now, it is time to write your first program, that is the Hello
World!

In order to write a program in Anaconda, you have to launch
Anaconda Navigator. Search Anaconda Navigator in your
Windows Search Box. Now, click on the Anaconda Navigator
application icon, as shown in the following figure.

Best match

-&
) Anaconda Navigator &
& o

App ‘e

Command .
Anaconda Navigator

‘" Anaconda Navigator > App {
Search the web ‘
L Anaconda Navigator - See web results > =/ Open
Folders (5+) 53 Run as administrator
Documents (5+) '_ Open file location
&3 Pin to Start
3 pin to taskbar
U Uninstall
I O Anaconda Navigatoi| | H 8 = €€ @

Once you click on the application, the Anaconda’s dashboard
will open. The dashboard offers you a myriad of tools to write
your code. We will use the Jupyter Notebook, the most popular
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of these tools, to write and explain the code throughout this
book.

O Avarcada Nanigarar

J ANACONDA NAVIGATOR

B 5 ype here o scarch M e C EHE J O Ar@u . B

The Jupyter Notebook is available at second from the top of
the dashboard. You can use Jupyter Notebook even if you
don’t have access to the internet as it runs right in your default
browser. Another method to open Jupyter Notebook is to type
Jupyter Notebook in the Window’s search bar. Subsequently,
click on the Jupyter Notebook application. The application
will open in a new tab on your browser.
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Best match
. .
" Jupyter Notebook AN
~
App .\J
Command
Jupyter Notebook
#] Jupyter Notebook > App
Documents
#  jupyter-notebook-script - in Scripts > =/ open
4 jupyter-notebook-script - in Seripts > CS Run as administrator
a5 M X .
A jupyter notebook - in plugins > = Open file location
e T Pin to Start
# jupyter_notebook - in plugins > o

= Pin to taskbar
P jupyter_notebook.cpython-37 - in

_pycache__ Uninstall

Folders
jupyter_notebook_config.d - in jupyter >
jupyter_notebook_config.d - in jupyter >
Search the web

,O Jupyter Notebook - See web results >

£ Jupyter Notebook] | =} e n € @] )

The top right corner of Jupyter Notebook’s own dashboard
houses a New button, which you have to click to open a new
document. A dropdown containing several options will appear.
Click on Python 3.

Home x - 0 x
C @ localhostngs/tes * 4B O
Z Jupyter

Select #emstopeformachans onthom kg W o

Folder

= Tesmine!
Decumants 1 days 230
Dewnloa 1anours ag
 Favortes 1 days 30
Link 11cays a0
£ Music 11 days 20
11 = agn

£3 Prctu 11 daye g
Ip——

11 0ays 220

11 days 30
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A new Python notebook will appear for you to write your
programs. It looks as follows.

%+
' Jupyter New NolebooK Las: Checkeant & faw secands sgo. (unsaved chenges) [

B+ % @B 4+ & HRm B C B [oax =

Jupyter Notebook consists of cells, as evident from the above
image, making its layout very simple and straightforward. You
will write your code inside these cells. Let us write our first
ever Python program in Jupyter Notebook.

1.3.1. Writing Your First Program

In [1]: | print{"kelcome to Data Visualization with Python")

Welcome to Data Visualization with Python

The above script basically prints a string value in the output
using the print () method. The print() method is used to print
on the console any string passed to it. If you see the following
output, you have successfully run your first Python program.

Output:

Welcome to Data Visualization with Python

Let’s now explore some of the other important Python
concepts starting with Variables and Data Types.
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All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

[t goes without saying that we will be using the Matplotlib
library.

The Numpy and Pandas libraries should also be installed
before this chapter.

Hands-on Time - Source Codes

All IPython notebook for the source code of all the scripts
in this chapter can be found in Resources/Chapter lipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

1.3.5. Python Variables and Data Types

Data types in a programming language refers to the type of
data that the language is capable of processing. The following
are the major data types supported by Python.

a. Strings

b. Integers

c. Floating Point Numbers
d. Booleans

e. Lists

f. Tuples

g. Dictionaries
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A variable is an alias for the memory address where actual
data is stored. The data or the values stored at a memory
address can be accessed and updated via the variable name.
Unlike other programming languages like C++, Java, and C#,
Python is loosely typed, which means that you don’t have to
state the data type while creating a variable. Rather, the type
of data is evaluated at runtime.

The following example demonstrates how to create different
data types and how to store them in their corresponding
variables. The script also prints the type of the variables via
the type() function.

Script 2:

# A string Variable
first_name = “Joseph”
print(type(first_name))

# An Integer Variable
age = 20
print(type(age))

# A floating point variable
weight = 70.35
print(type(weight))

# A floating point variable
married = False
print(type(married))

#list
cars = [“Honda”, “Toyota”, “Suzuki”]
print(type(cars))
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#Tuples
days = (“Sunday”, “Monday”, “Tuesday”, “Wednesday”,
“Thursday”, “Friday”, “Saturday”)

print(type(days))

#Dictionaries

days2 = {1:”Sunday”, 2:”Monday”, 3:”Tuesday”,
4:”Wednesday”, 5:”Thursday”, 6:”Friday”, 7:”Saturday”}
print(type(days2))

Output:

<class ‘str’>
<class ‘int’>
<class ‘float’>
<class ‘bool’>
<class ‘list’>
<class ‘tuple’>
<class ‘dict’>

1.3.6. Python Operators
Python programming language contains the following types

of operators:

Arithmetic Operators
Logical Operators

Comparison Operators

o 60 T 9

Assignment Operators
e. Membership Operators

Let’s briefly review each of these types of operators.

Arithmetic Operators

Arithmetic operators are used to perform arithmetic operations
in Python. The following table sums up the arithmetic operators
supported by Python. Suppose X =20 and Y =10.
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power of right

Operator . .
Name Symbol Functionality Example

Addition + Adds the operands on X+ Y= 30
either side

Subtraction - Subtracts the operands on X-Y=10
either side

Multiplication * Multiplies the operands on | X * Y= 200
either side

Division / Divides the operand on X /Y=20
the left by the one on right

Modulus % Divides the operand on X %Y=0
the left by the one on right
and returns remainder

Exponent x Takes exponent of the X**Y =
operand on the left to the 1024 x e'°

Here is an example of arithmetic operators with output:

Script 3:

X = 20
Y = 10
print(X
print(X
print (X
print(X
print(X

+Y)
- Y)
1Y)
/Y)

Output:

30

10

200

2.0
10240000000000
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Logical Operators

Logical operators are used to perform logical AND, OR, and
NOT operations in Python. The following table summarizes the
logical operators. Here, X is True, and Y is False.

Operator | Symbol Functionality Example
Logical and The condition becomes true if | (X and Y)
AND both the operands are true. = False
Logical or The condition becomes true if | (XorY) =
OR any of the two operands are True

true.
Logical not Used to reverse the logical not(X and
NOT state of its operand. Y) = True

Here is an example

logical operators.

that explains the usage of the Python

Script 4:
X = True
Y = False

print(X and Y)
print(X or Y)
print(not(X and Y))

Output:

False
True
True

Comparison Operators

Comparison operators, as the name suggests, are used to
compare two or more than two operands. Depending upon the

relation between the operands, comparison operators return
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Boolean values. The following table summarizes comparison
operators in Python. Here, X is 20, and Y is 35.

Operator | Symbol Description Example

Equality == If the values of both the X==Y)
operands are equal, then the = false
condition returns true.

Inequality 1= If the values of both the X=Y)=
operands are not equal, then true
the condition returns true.

Greater > If the value of the left operand X>Y) =

than is greater than the right one, False
then the condition returns true.

Smaller < Returns true if value of the left (X<Y) =

than operand is smaller than the True
right one

Greater >= If value of the left operand is X >=Y)

than or greater than or equal to the = False

equal to right one, then the condition
returns true.

Smaller <= Returns true if value of the (X<=Y) =

than or left operand is smaller than or True

equal to equal to the right one

The comparison operators have been demonstrated in action

in the following example:

Script 5:

X = 20

Y = 35
print(X == Y)
print(X !=Y)
print(X > Y)
print(X < Y)
print(X >=Y)

print(X <= Y)
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Output:

False
True
False
True
False
True

Assignment Operators

Assignment operators are used to assign values to variables.

The following table summarizes the assignment operators.
Here, X is 20, and Y is equal to 10.

Operator Symbol Description Example
Assignment = Used to assign value of the R=X+Y
right operand to the right. assigns
30toR
Add and += Adds the operands on either X+=Y
assign side and assigns the result to assigns
the left operand 30 to X
Subtract - Subtracts the operands on X-=-Y
and assign either side and assigns the assigns 10
result to the left operand to X
Multiply and *= Multiplies the operands on X*=Y
Assign either side and assigns the assigns
result to the left operand 200 to X
Divide and /= Divides the operands on the X/=Y
Assign left by the right and assigns assigns 2
the result to the left operand to X
Take %= Divides the operands on the X %=Y
modulus left by the right and assigns assigns O
and assign the remainder to the left to X
operand
Take *E= Takes exponent of the X **=Y
exponent operand on the left to the assigns
and assign power of right and assign the | 1024 x e
remainder to the left operand to X
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Take a look at script 6 to see Python assignment operators in

action.
Script 6:
X =20; Y =10
R=X+Y
print(R)
X = 20;
Y = 10
X +=Y
print(X)
X = 20;
Y = 10
X -=Y
print(X)
X = 20;
Y = 10
X *=Y
print(X)
X = 20;
Y = 10
X /=Y
print(X)
X = 20;
Y = 10
X %=Y
print(X)
X = 20;
Y = 10
X**=Y

print(X)
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Output:

30

30

10

200

2.0

(4]
10240000000000

Membership Operators

Membership operators are used to find if an item is a member of
a collection of items or not. There are two types of membership
operators. They are the in operator and the not in operator.
The following script shows the in operator in action.

Script 7:

days = (“Sunday”, “Monday”, “Tuesday”, “Wednesday”,
“Thursday”, “Friday”, “Saturday”)
print(‘Sunday’ in days)

Output:

|True

And here is an example of the not in operator.

Script 8:

days = (“Sunday”, “Monday”, “Tuesday”, “Wednesday”,
“Thursday”, “Friday”, “Saturday”)
print( “Xunday’ not in days)

Output:

|True
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1.3.7. Conditional Statements

Conditional statements are used to implement conditional
logic in Python. Conditional statements help you decide
whether to execute a certain code block or not. There are
three chief types of conditional statements in Python:

a. If statement
b. If-else statement

c. If-elif statement

IF Statement

If you have to check for a single condition and you do not
concern about the alternate condition, you can use the if
statement. For instance, if you want to check if 10 is greater
than 5, and based on that you want to print a statement, you
can use the if statement. The condition evaluated by the if
statement returns a Boolean value. If the condition evaluated
by the if statement is true, the code block that follows the if
statement executes. It is important to mention that in Python,
a new code block starts at a new line with on tab indented
from the left when compared with the outer block.

Here, in the following example, the condition 10 > 5is evaluated,
which returns true. Hence, the code block that follows the if
statement executes, and a message is printed on the console.

Script 8:

# The if statment

if 10 > 5:
print(«Ten is greater than 10»)
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Output:

|Ten is greater than 10

IF-Else Statement

The If-else statement comes handy when you want to
execute an alternate piece of code in case the condition for
the if statement returns false. For instance, in the following
example, the condition 5 < 10 will return false. Hence, the code
block that follows the else statement will execute.

Script 9:

# if-else statement

if 5 > 10:

print(“5 is greater than 10”)
else:

print(«1@ is greater than 5»)

Output:

|19 is greater than 5

IF-Elif Statement

The if-elif statement comes handy when you have to
evaluate multiple conditions. For instance, in the following
example, we first check if 5 > 10 which evaluates to false. Next,
an elif statement evaluates the condition 8 < 4, which also
returns false. Hence, the code block that follows the last else
statement executes.
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Script 10:

#if-elif and else

if 5 > 1e:
print(«5 is greater than 10»)
elif 8 < 4:
print(«8 is smaller than 4»)
else:
print(«5 is not greater than 10 and 8 is not smaller
than 4»)

Output:

|5 is not greater than 10 and 8 is not smaller than 4

1.3.8. lteration Statements

I[teration statements, also known as loops, are used to
iteratively execute a certain piece of code. There are two main
types of iteration statements in Python.

a. Forloop
b. While Loop
For Loop

The for loop is used to iteratively execute a piece of code for
a certain number of times. You should use for loop when you
know exactly the number of iterations or repetitions for which
you want to run your code. A for loop iterates over a collection
of items. In the following example, we create a collection of
five integers using range() method. Next, a for loop iterates
five times and prints each integer in the collection.
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Script 11:

items = range(5)
for item in items:
print(item)

Output:

A W NEPEO

While Loop

The while loop keeps executing a certain piece of code unless
the evaluation condition becomes false. For instance, the while
loop in the following script keeps executing unless variable ¢
becomes greater than 10.

Script 12:

c=20

while c < 1@:
print(c)
c=c+1

Output:

W 00 NO VI WDNERPRO
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1.3.9. Functions

Functions, in any programming language, are used to
implement that piece of code that is required to be executed
numerous times at different locations in the code. In such
cases, instead of writing long pieces of codes, again and again,
you can simply define a function that contains the piece of
code, and then you can call the function wherever you want
in the code.

To create a function in Python, the def keyword is used,
followed by the name of the function and opening and closing
parenthesis.

Once afunctionis defined, you have to call it in order to execute
the code inside a function body. To call a function, you simply
have to specify the name of the function, followed by opening
and closing parenthesis. In the following script, we create a
function named myfunc, which prints a simple statement on
the console using the print() method.

Script 13:

def myfunc():
print(“This is a simple function”)

### function call
myfunc ()

Output:

|This is a simple function

You can also pass values to a function. The values are passed
inside the parenthesis of the function call. However, you
must specify the parameter name in the function definition,
too. In the following script, we define a function named
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myfuncparam(). The function accepts one parameter, i.e., num.
The value passed in the parenthesis of the function call will be
stored in this num variable and will be printed by the print()
method inside the myfuncparam() method.

Script 14:

def myfuncparam(num):
print(“This is a function with parameter value: “+num)

### function call
myfuncparam(«Parameter 1»)

Output:

This is a function with parameter value:Parameter 1

Finally, a function can also return values to the function call. To
do so, you simply have to use the return keyword, followed by
the value that you want to return. In the following script, the
myreturnfunc() function returns a string value to the calling
function.

Script 15:

def myreturnfunc():
return “This function returns a value”

val = myreturnfunc()
print(val)

Output:

|This function returns a value
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1.3.10. Objects and Classes

Python supports object-oriented programming (OOP). In
OOP, any entity that can perform some function and have
some attributes is implemented in the form of an object.

For instance, a car can be implemented as an object since a
car has some attributes such as price, color, model and can
perform some functions such as drive car, change gear, stop
the car, etc.

Similarly, a fruit can also be implemented as an object since
a fruit has a price, name, and you can eat a fruit, grow a fruit,
and perform functions with a fruit.

To create an object, you first have to define a class. For
instance, in the following example, a class Fruit has been
defined. The class has two attributes name and price, and one
method eat_fruit(). Next, we create an object f of class Fruit
and then call the eat_fruit() method from the f object. We
also access the name and price attributes of the f object and
print them on the console.

Script 16:

class Fruit:

name = “apple”
price = 10

def eat_fruit(self):
print(“Fruit has been eaten”)

f = Fruit()

f.eat_fruit()
print(f.name)
print(f.price)
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Output:

Fruit has been eaten
apple
10

A class in Python can have a special method called a
constructor. The name of the constructor method in Python
is __init__ (). The constructor is called whenever an object
of a class is created. Look at the following example to see the
constructor in action.

Script 17:

class Fruit:

name = “apple”
price = 10

def init_ (self, fruit _name, fruit price):
Fruit.name = fruit_name
Fruit.price = fruit_price

def eat fruit(self):
print(“Fruit has been eaten”)

f = Fruit(«Orange», 15)
f.eat_fruit()
print(f.name)
print(f.price)

Output:

Fruit has been eaten
Orange
15
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Further Readings - Python [1]
To study more about Python, please check Python 3 Official

Documentation. Get used to searching and reading this
documentation. It is a great resource of knowledge.

1.4. Data Visualization Libraries

Owing to the growing importance of data visualization, several
Python libraries have been developed. Some of these libraries
have been briefly reviewed in this section.

1.4.1. Matplotlib

Matplotlib is the de facto standard for static data visualization
in Python. Being the oldest data visualization library in Python,
Matplotlib is the most widely used data visualization library.
Matplotlib was developed to resemble MATLAB, which is one
of the most widely used programming languages in academia.
While Matplotlib graphs are easy to plot, the look and feel
of the Matplotlib plots have a distinct feel of the 1990s.
Many wrappers libraries like Pandas and Seaborn have been

developed on top of Matplotlib. These libraries allow users to
plot much cleaner and sophisticated graphs.

1.4.2. Seaborn

Seaborn library is built on top of the Matplotlib library and
contains all the plotting capabilities of Matplotlib. However,
with Seaborn, you can plot much more pleasing and aesthetic
graphs with the help of Seaborn default styles and color
palettes.


https://docs.python.org/3/
https://docs.python.org/3/
https://matplotlib.org/
https://www.mathworks.com/products/matlab.html
https://pandas.pydata.org/
https://seaborn.pydata.org/
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1.4.3. Basemap

The Basemap library is a Matplotlib Extension and is used
to plot Geographical Maps in Python. The working of the
Basemap library has been explained in detail in chapter 4 of
this book.

1.4.4. Pandas

Pandas library, like Seaborn, is based on the Matplotlib library
and offers utilities that can be used to plot different types
of static plots in a single line of codes. With pandas, you can
import data in various formats such as CSV (Comma Separated
View) and TSV (Tab Separated View), and can plot a variety of
data visualizations via these data sources.

1.4.5. Plotly

Plotly is an online data visualization platform that supports
interactive data visualization. However, you can also create
interactive visualizations within the Python notebook using
Plotly. Chapter 10 explains how to use Plotly for interactive
data visualization in Python.

Hands-on Time - Exercise

Now, it is your turn. Follow the instruction in the exercises
below to check your understanding of the advanced data
visualization with Matplotlib. The answers to these questions
are given at the end of the book.
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Exercise 1.1
Question 1

Which iteration should be used when you want to repeatedly
execute a code specific number of times?

A- For Loop

B- While Loop
C-Both A&B

D- None of the above

Question 2

What is the maximum number of values that a function can
return in Python?

A- Single Value

B- Double Value

C- More than two values
D- None

Question 3

Which of the following membership operators are supported
by Python?

A-In

B- Out

C- Not In

D- Both Aand C

Answer: D

Exercise 1.2

Print the table of integer 9 using a while loop:






2

Basic Plotting
with Matplotlib

2.1. Introduction

In the first chapter of the book, you saw briefly what data
visualization is, why it is important, and what its various
applications are. You also installed different software that we
will be using in order to execute data visualization scripts in
this book.

In this chapter, we will start a formal discussion about
Matplotlib, which is one of the most commonly and frequently
used Python libraries for data visualization. Matplotlib is so
popular that various advanced data visualization libraries such
as Seaborn use Matplotlib as the underlying data visualization
library.

In this chapter, you will see how to draw some of the most
commonly used plots with the Matplotlib library.
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All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

It goes without saying that we will be using the Matplotlib
library.

The Numpy and Pandas libraries should also be installed
before this chapter.

Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 2.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

Finally, before you can plot any graphs with Matplotlib library,
you will need to import the pyplot module from the Matplotlib
library. And since all the scripts will be executed inside Jupyter
notebook, the statement %matplotlib inline has been usedto
generate plots inside Jupyter notebook. Execute the following
script:

import matplotlib.pyplot as plt
%matplotlib inline

2.2. Line Plots

The first plot that we are going to plot in this chapter is a line
plot. A line plot is the simplest of all the Matplotlib plots. A
line plot is basically used to plot the relationship between two
numerical sets of values. Usually, a line plot is used to plot
an increasing or decreasing trend between two dependent
variables. For instance, if you want to see how the weather
changed over a period of 24 hours, you can use a line plot
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where the x-axis contains hourly information, and the y-axis
contains weather in degrees. Let us plot a line plot that displays
the square root of 20 equidistance numbers between O and
20. Look at Script 1.

Script 1:

import matplotlib.pyplot as plt

import numpy as np

import math

x_vals = np.linspace(0, 20, 20)

y_vals = [math.sqrt(i) for i in x_vals]

plt.plot(x_vals, y vals)

In script 1, we generate 20 equidistance numbers using
np.linspace() function. The numbers are stored in the x_vals
variable. Next, we iterate through each value in the x_vals list
and take the square root of each value. The resultant list is
stored in the y_vals variable. To plot a line plot via the pyplot
module, you only need to call the plot() method of the pyplot
module and then pass it the values for the x and y axes. It is
important to mention that plt is an alias for pyplot in script
1. You can name it anything you want. Here is the output for

the script 1.
Output:
—
4 _____..a’
—_
-
_~
3 Py
-
-
2 /
e
A/
EIIU élﬁ 5IIJ Flh 1EII.".J 125 ]_‘;D _1.'I5 '.’.‘E:U
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This is one of the ways to plot a graph via Matplotlib. There
is another way to do so. You first have to call the figure()
method via the plt module, which draws an empty figure.
Next, you can call the axes() method, which returns an axes
object. You can then call the plot() method from the axes
object to create a plot, as shown in the following script.

Script 2:

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

x_vals = np.linspace(0, 20, 20)
y_vals = [math.sqrt(i) for i in x_vals]

fig = plt.figure()
ax = plt.axes()
ax.plot(x_vals, y vals)

Here is the output of the above script. This method can be used
to plot multiple plots, which we will see in the next chapter. In
this chapter, we will stick to the first approach, where we call
the plot() method directly from the pyplot module.

Output:

0o 25 50 5 o0 125 150 175 X0
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You can also increase the default plot size of a Matplotlib plot.
To do so, you can use the rcParams list of the pyplot module
and then set two values for the figure.figsize attribute. The
following script sets the plot size to 8 inches wide and 6 inches
tall.

Script 3:

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

plt.rcParams[“figure.figsize”] = [8,6]
X_vals = np.linspace(9, 20, 20)

y_vals [math.sgrt(i) for i in x_vals]
plt.plot(x_vals, y vals)

In the output, it is evident that the default plot size has been
increased.

Output:

0.0 25 5.0 15 10.0 125 15.0 175 200
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2.3. Titles, Labels, and Legends

You can improve the aesthetics and readability of your graphs
by adding titles, labels, and legends to your graph. Let’s first
see how to add titles and labels to a plot.

To add labels on x and y axes, you need to pass string values
respectively to the xlabel and ylabel methods of the pyplot
module. Similarly, to set the title, you need to pass a string
value to the title method, as shown in script 4.

Script 4:

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

x_vals = np.linspace(@, 20, 20)

y_vals = [math.sqrt(i) for i in x_vals]
plt.xlabel( ‘X Values’)

plt.ylabel(‘Y Values’)
plt.title(‘Square Roots’)
plt.plot(x_vals, y vals)

Here in the output, you can see the labels and titles that you
specified in the script 4.

Output:

Square Roots

FValues
AN

0o 25 50 75 W0 15 180 175 00
X Values



DaTa VisuaLizaTioN WIiTH PyTHON FOR BEGINNERS | 53

In addition to changing titles and labels, you can also specify
the color for the line plot. To do so, you simply have to pass
shorthand notation for the color name to the plot() function,
for example, “r” for red, “b” for blue, and so on. Here is an
example:

Script 5:

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

x_vals = np.linspace(9, 20, 20)

y_vals = [math.sqrt(i) for i in x_vals]
plt.xlabel( ‘X Values’)

plt.ylabel( ‘Y Values’)
plt.title(‘Square Roots’)
plt.plot(x_vals, y vals, ‘r’)

Output:

Square Roots

¥ Values

0o 25 50 75 wo 125 150 175 00
X Values

To add a legend, you need to make two changes. First, you
have to pass a string value for the label attribute of the
plot() function. Next, you have to pass the value for the loc
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attribute of the legend method of the pyplot module. In the
loc attribute, you have to pass the location of your legend.
The following script plots a legend at the upper center corner
of the plot.

Script 6:

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

x_vals = np.linspace(9, 20, 20)

y_vals = [math.sqrt(i) for i in x_vals]
plt.xlabel( ‘X Values’)

plt.ylabel( ‘Y Values’)

plt.title( ‘Square Roots’)

plt.plot(x_vals, y_vals, ‘r’, label = ‘Square Root’)
plt.legend(loc="upper center’)

Output:
Square Roots
= 5Sqguare Root
4
3
W
L E)
3
<
2
1
0
0o 25 50 75 W0 125 150 175 00

¥ Values
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You can also plot multiple line plots inside one graph. All
you have to do is call the plot() method twice with different
values for x and y axes. The following script plots a line plot
for square root in red and for a cube function in blue.

Script 7:

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

x_vals = np.linspace(@, 20, 20)

y_vals = [math.sqrt(i) for i in x_vals]

y2_vals = x_vals ** 3

plt.xlabel( ‘X Values’)

plt.ylabel( ‘Y Values’)

plt.title(‘Square Roots’)

plt.plot(x_vals, y vals, ‘r’, label = ‘Square Root’)
plt.plot(x_vals, y2 vals, ‘b’, label = ‘Cube’)
plt.legend(loc="upper center’)

Output:
Square Roots
BOO0 —— Sqguare Root
= ube
7000 4
€000 4
5000 4
]
= 4000
-
s
000
2000 4
1000 -
0]
0o 25 50 75 Wo 125 150 175 20.0

¥ Values
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Further Readings - Matplotlib Line Plot [1]

To study more about the Matplotlib line plot, please check
Matplotlib’s official documentation for line plots. Get used
to searching and reading this documentation. It is a great
resource of knowledge.

2.4. Plotting Using CSV Data Source

In addition to plotting Matplotlib’s graph using in-memory
data, you can read data from sources such as CSV (Comma
Separated View) and TSV (Tab Separated View) files. The
finest way to read data from a CSV file is via the read_csv()
method of the Pandas library. You will study the Pandas library
in detail in another chapter. For now, just remember that the
read_csv() method from Pandas library can read CSV files
and store the file data in a Pandas dataframe. Let’s read the
iris_data.csv file. The file is available in the datasets folder
of the resources. You can download locally. In the read_csv()
method, you simply have to pass the path of the CSV file. An
example is given in the script 8.

Script 8:

import pandas as pd
data = pd.read_csv(«E:\Data Visualization with Python\
Datasets\iris_data.csv»)

If you do not see any error, the file has been read successfully.
To see the first five rows of the Pandas dataframe containing
the data, you can use the head() method as shown below:

Script 9:

data.head()
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Output:

sepal_length sepal_width petal_length petal_width species

0 2.1 3.5 1.4 0.2 setosa
1 44 3.0 1.4 0z sefosza
2 47 3.2 1.3 0.2 seiosa
3 445 31 1.5 0z sefosza
4 2.0 3.6 1.4 0.2 seiosa

You can see that the iris_data.csv file has five columns. We
can use values from any of these two columns to plot a line
plot. To do so, for x and y axes, we need to pass the data
dataframe column names to the plot() function of the pyplot
module. To access a column name from a Pandas dataframe,
you need to specify the dataframe name followed by a pair
of square brackets. Inside the brackets, the column name is
specified. The following script plots a line plot, where the x-axis
contains values from the sepal_length column, whereas the
y-axis contains values from the petal_length column of the
dataframe.

Script 10:

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

plt.xlabel(‘Sepal Length’)

plt.ylabel( ‘Petal Length’)

plt.title(‘Sepal vs Petal Length’)
plt.plot(data[«sepal_ length»], data[«petal length»],
be)
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Sepal vs Petal Length

Petal Length
'y

as 50 55 50 65 70 75 50
Sepal Length

2.5. Plotting Using TSV Data Source

Like CSV,youcanalsoreada TSV fileviatheread_csv() method.
You have to pass ‘\t’ as the value for the sep parameter. The
script 11 reads iris_data.tsv file and stores it in a Pandas
dataframe. Next, the first five rows of the dataframe have
been printed via the head() method.

Script 11:

import pandas as pd
data = pd.read_csv(«E:\Data Visualization with
Python\Datasets\iris_data.tsv», sep=’\t’)

data.head()
Output:

SepalLength SepalWidth PetalLlength PetalWidth TrainingClass
0 21 3.5 1.4 0.2 Ins-setosa
1 49 3.0 1.4 0.2 Iis-setosa
2 47 3.2 1.3 0.2 Ins-setosa
3 448 3.1 1.5 0.2 Iris-zsetoza
4 5.0 3.6 1.4 0.2 Ins-setosa
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The remaining process to plot the line plot remains the same
as it was for the CSV file. The following script plots a line plot
where the x-axis contains sepal length, and the y-axis displays
petal length.

Script 12:

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

plt.xlabel( ‘Sepal Length’)

plt.ylabel( ‘Petal Length’)

plt.title(‘Sepal vs Petal Length’)
plt.plot(data[«SepalLength»], data[«PetallLength»], «b»)

Output:

Sepal vs Petal Length

Petal Length
s

a5 50 55 60 65 70 75 B0
Sepal Length

2.6. Scatter Plot

A scatter plot is used to plot the relationship between two
numeric columns in the form of scattered points. Normally,
a scatter plot is used when for each value in the x-axis, there
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exist multiple values in the y-axis. To plot a scatter plot, the
scatter() function of the pyplot module is used. You have
to pass the values for the x-axis and the y-axis. In addition,
you have to pass a shorthand notation of color value to the
c parameter. The script 13 shows how to plot a scatter plot
between sepal length and petal length of iris plants.

Script 13:

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

plt.xlabel(‘Sepal Length’)

plt.ylabel( ‘Petal Length’)

plt.title(‘Sepal vs Petal Length’)
plt.scatter(data[«SepalLength»], data[«PetallLength»], c =
«b»)

The output shows a scatter plot with blue points. The plot
clearly shows that with an increase in sepal length, the petal
length of an iris flower also increases.

Output:
Sepal vs Petal Length
7] -
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. [ ]
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4 50 55 60 65 70 75 80
Sepal Length
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You can change the default markers used to plot points on a
scatter plot. To do so, you have to pass the marker value to
the marker parameter of the scatter() method. The following

script uses the letter x as the marker for the points in the

scatter plot.

Script 14:

import matplotlib.
import numpy as np
import math

plt.xlabel( ‘Sepal
plt.ylabel( ‘Petal
plt.title(‘Sepal v

pyplot as plt

Length’)
Length’)
s Petal Length’)

plt.scatter(data[«SepalLength»], data[«PetalLength»], c =

«b», marker = «x»)
Output:
Sepal vs Petal Length
74 9
x X
x
64 * - x
* Ex" *x
® "*x x
Xy ®
x
5 4 xxx* i § x o
o omxix x %
X xxX X
= x x o ¥ x x
£ » XXw Mx
= PP
54 x Xx § xx
g p Xy
= L
31 »
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x  x
x X %
h*x*’fgh“xi *
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60
Sepal Length

55 65

70 75
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Like line plots, you can plot multiple scatter plots inside one
graph. To do so, you have to call the scatter() method twice
with the same value for the x-axis while different values for the
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y-axis. In the following script, you will see two scatter plots.
The first scatter plot plots the relation between sepal vs. petal
length using blue markers, and the second scatter plot plots
the relation between sepal length and sepal width using red
markers.

Script 15:

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

plt.xlabel( ‘Sepal Length’)

plt.ylabel( ‘Petal Length’)

plt.title(‘Sepal vs Petal Length’)
plt.scatter(data[«SepalLength»], data[«PetalLength»], c =
«b», marker = «x», label=»Petal Length»)
plt.scatter(data[«SepalLength»], data[«SepalWidth»], c =
«r», marker = «o», label=»Sepal Width»)
plt.legend(loc="upper center’)

Output:
Sepal vs Petal Length
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Further Readings - Matplotlib Scatter Plot [2]

To study more about Matplotlib scatter plot, please check
Matplotlib’s official documentation for scatter plots. Get
used to searching and reading this documentation. It is a
great resource of knowledge.

2.7. Bar Plots

Bar plot is used to plot the relationship between unique values
in a categorical column grouped by an aggregate function
such as sum, mean, median, etc. Before we plot a bar plot, let’s
first import the dataset that we are going to use in this chapter.
Execute the following script to read the titanic_data.csv file.
You find the CSV file in the datasets folder in resources. The
following script also displays the first 5 rows of the dataset.

Script 16:

import pandas as pd

data = pd.read_csv(r»E:\Data Visualization with Python\
Datasets\titanic_data.csv»)

data.head()

Output:

Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked

1 0 3 Braund, Mr. Owen Harris male 220 1 0 AS211T1 72500 NaN s
1 Cumings. Mrs. John Bradley (Florence Briggs Th... female 38.0 1 0 PC 17599 712833 c8s
3 Heikkinen, Miss. Laina female 26.0 0 0 STOMN/OZ2 3101282 7.9250 NaN
1 1 ]
3 0 0

Futrelle. Mrs Jacques Heath (Lily May Peel) female 350 113803 531000 C123

bW ok s oo
w o w oo

2 1
3 1
4 1
5 0 Allen, Mr. \William Henry  male  35.0 373450 80500 NaN

To plot a bar plot, you need to call the bar() method. The
categorical values are passed on the x-axis, and corresponding
aggregated numerical values are passed on the y-axis. The
following script plots a bar plot between genders and ages of
the Titanic ship.


http://matplotlib.org/3.1.1/api/_as_gen/matplotlib.pyplot.scatter.html
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Script 17:

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

plt.xlabel( ‘Gender”’)

plt.ylabel( ‘Ages’)

plt.title( ‘Gender vs Age’)
plt.bar(data[«Sex»], data[«Age»])

Output:

Gender vs Age

Gender

You can also create horizontal bar plots. To do so, you need to
call the barh() method, as shown below:

Script 18:

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

plt.xlabel( ‘Ages’)
plt.ylabel(‘Class’)

plt.title(‘Class vs Age’)
plt.barh(data[«Pclass»], data[«Age»])
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Output:

Class vs Age

The output shows the relationship between the passenger
class and the ages of the passengers in the unfortunate Titanic
ship.

Further Readings - Matplotlib Bar Plot [3]

To study more about Matplotlib bar plots, please check
Matplotlib’s official documentation for bar plots. Get used
to searching and reading this documentation. It is a great
resource of knowledge.

2.8. Histograms

Histograms are used to display the distribution of data for a
numeric list of items. To plot a histogram, the hist() method
is used. You simply have to pass a collection of numeric values
to the hist() method. For instance, the following histogram
plots the distribution of values in the Age column of the Titanic
dataset.


https://matplotlib.org/3.1.1/api/_as_gen/matplotlib.pyplot.bar.html
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Script 19

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

plt.title(“Age Histogram’)
plt.hist(data[«Age»])

Output:

Age Histogram

175 4

150 A

125 1

100 1

25 4

0 10 20 k1] 40 50 60 70 BO

The output shows that the majority of the passengers (175)
were aged between 20 and 25. Similarly, the passengers aged
between 70 and 80 are least in number. By default, the age is
distributed into 10 bins or 10 groups.

Similarly, the following script plots a histogram for the fare
column of the titanic dataset.
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Script 20

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

plt.title(“Fare Histogram’)
plt.hist(data[«Fare»])

Output:

Fare Histogram

700 4

600 1

500 1

400 4

0 100 200 300 400 500

The output shows that the majority of passengers (more than
700) paid amounts between O and 50 as fares.

The default bin size for the histograms in Matplotlib can be
changed. To do so, you need to pass bin size in an integer as
the value for the bins parameter of the hist() method. Look
at the following script where bin size has been set to 5.
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Script 21:

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

plt.title(“Age Histogram’)
plt.hist(data[«Age»], bins = 5)

Output:

Age Histogram

30

300 1

50

200 1

150

100

o 10 20 0 40 50 60 70 B0

In the output, it is evident that age has now been distributed
in five bins, and the maximum number of passengers (around
350) are aged between 20 and 30.

Further Readings - Matplotlib Histogram [4]

To study more about Matplotlib histograms, please check
Matplotlib’s official documentation for histograms. Get used
to searching and reading this documentation. It is a great
resource of knowledge.

2.9 Pie Charts

Pie chart, as the name suggests, displays the percentage
distribution of values in a categorical column in terms of


https://matplotlib.org/3.1.1/api/_as_gen/matplotlib.pyplot.hist.html
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an aggregated function. For instance, the following script
shows the percentage distribution of jobs with respect to job
categories, i.e, IT, Marketing, Data Science, and Finance. To
plot a pie chart, the pie() method of the pyplot module is
used. The first parameter is the list of numeric values that you
want to be converted and displayed into percentages. Next,
you have to pass a list of categories to the labels parameter.
The explode parameter defines the magnitude of the split for
each category in the pie chart. The autopct parameter defines
the format in which the percentage will be displayed on the
pie chart.

Script 22:

labels = ‘IT’, ‘Marketing’, €‘Data Science’, ‘Finance’
values = [500, 156, 300, 510]
explode = (0.05, 0.05, 0.05, 0.05)

plt.pie(values, explode=explode, labels=labels,
autopct="%1.1f%%’, shadow=True)
plt.show()

Output:

Marketing

Data Science

Fimance



70 | Basic PLOTTING WITH MATPLOTLIB

In the previous section, you saw how to plot a pie plot using
raw values. Let’s see how to plot a pie plot using a Pandas
dataframe as the source.

Suppose, we want to plot the percentage distribution of
passengers that traveled in different passenger classes in
the Titanic ship. To do so, first, we need to find the sum of
passengers that traveled in each passenger class. These values
can be found via value_counts() function, as shown below.

Script 23:

import pandas as pd
data = pd.read_csv(r”E:\Data Visualization with Python\
Datasets\titanic_data.csv”)

pclass = data[“Pclass”].value_counts()
print(pclass)

Here is an output.

Output:

154
Name: Pclass, dtype: inté4

The output is a Pandas series, where index names contain the
name of passenger class while values correspond to the sum
of passengers traveling in each class. The output shows that
491 passengers traveled in the 3 class, while 184 traveled in
the 1t class. We know that to plot a pie chart, we need values
and labels. The labels here can be fetched from index names,
and values can be obtained via values of the series returned
by value_counts() function as shown below:
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Script 24:

print(pclass.index.values.tolist())
print(pclass.values.tolist())

Output:
[3, 1, 2]
[491, 216, 184]

Now that you have labels as well as their corresponding values,
you can create a pie plot as follows:

Script 25:

labels = pclass.index.values.tolist()
values = pclass.values.tolist()
explode = (0.05, 0.05, 0.05)

plt.pie(values, explode=explode, labels=1labels,
autopct="%1.1f%%’, shadow=True, startangle=140)
plt.show()

Output:
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The output shows that around 55 percent of the passengers
traveled in the 3™ class of the Titanic, while 20.7 percent and
24.2 percent of the passengers traveled in 2" and 1¢t classes,
respectively.

Further Readings - Matplotlib Pie Charts [5]

To study more about Matplotlib Pie Charts, please check
Matplotlib’s official documentation for Pie Charts. Get used
to searching and reading this documentation. It is a great
resource of knowledge.

2.10. Stack Plot

Stack plot is used to plot numeric information for multiple
collections of items stacked on top of each other. To plot a
stack plot, you need to call the stackplot() method. The first
parameter to the stackplot() method is the list of labels. In
script 26, the labels are the names of the seven days in a week.
Next, you have to specify the collections that contain numeric
values. In the script 26, the collections that contain numeric
values are London, Tokyo, and Paris. The numeric values in
these collections belong to temperature on each day of the
week. Note that the number label must match the number of
numeric values in the numeric collection. Finally, you need to
specify a list of colors where each color corresponds to one
numeric collection. Look at the following script.


https://matplotlib.org/3.1.1/api/_as_gen/matplotlib.pyplot.pie.html
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Script 26:

import matplotlib.pyplot as plt

days= [“Monday”, “Tuesday”, “Wednesday”, “Thursday”,
“Friday”, “Saturday”, “Sunday”]

London = [25,26,32,19,28,39,24]

Tokyo = [20,29,23,35,32,26,18]

Paris= [18,21,28,35,29,25,22]

plt.plot([],[], color=’green’, label=’London’)

plt.plot([],[], color=’orange’, label=’Tokyo’)
plt.plot([],[], color="yellow’, label=’Paris’)

plt.stackplot(days, London, Tokyo, Paris, colors=[‘green’,
‘orange’, ‘yellow’])

plt.legend()

plt.title( ‘Days of Week vs Temperature’)

plt.xlabel( ‘Days of Week’)
plt.ylabel( ‘Temperature’)

plt.show()




74 | Basic PLOTTING WITH MATPLOTLIB

Output:
Days of Week vs Temperature
= Londen
Tokyo
w Paris
B0 4
5
:
2 40
20

i
Monday Tuesday ‘Wednesday Thursday Friday Saturday Sunday
Days of Week

Further Readings - Matplotlib Stack Plots [6]

To study more about Matplotlib stack plots, please check
Matplotlib’s official documentation for Stack Plots. Get used
to searching and reading this documentation. It is a great
resource of knowledge.

Hands-on Time - Exercise

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of the basic data
visualization with Matplotlib. The answers to these questions
are given at the end of the book.



https://matplotlib.org/3.1.1/gallery/lines_bars_and_markers/stackplot_demo.html
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Exercise 2.1
Question 1:

Which is one parameter that you must specify in order to
make a scatter plot in Matplotlib?

A- color

B-c

C-r

D- None of the above

Question 2:

To create a legend, the value for which of the following
parameter is needed to be specified?

A- title

B- label

C- axis

D- All of the above
Question 3:

How to show percentage values on a Matplotlib Pie Chart?

A - autopct = ‘%1.1f%%’

B - percentage = ‘%1.1f%%’
C - perc = “%1LIf%%’

D - None of the Above

Exercise 2.2

Create a Pie chart that shows the distribution of passengers
with respect to their gender, in the unfortunate Titanic ship. You
can use the Titanic dataset from resources for that purpose.
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Advanced Plotting
with Matplotlib

3.1. Introduction

In the second chapter, we started our discussion about the
Matplotlib library and its basic plotting functions. In this
chapter, you will strengthen the knowledge that you gained
in the previous chapter. You will learn how to plot multiple
plots using Matplotlib, how to plot subplots, and how to save
Matplotlib plots to your local drive.

All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

Needless to say, we will be using the Matplotlib library.

The Numpy and Pandas libraries should also be installed
before this chapter.
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Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 3.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

Before we start plotting anything, we need to import the
pyplot module from the Matplotlib library. The following script
does that:

import matplotlib.pyplot as plt
%matplotlib inline

3.2. Plotting Multiple Plots

All the plots that we plotted in the previous chapter were
single plots or one axes containing two plots. In this section,
you will see how to plot multiple standalone plots.

To do so, you need to first call the subplot() method and
define the position where you want to plot your graph. The
first argument to the subplot() method is the number of rows,
and the second parameter is the number of columns. The third
parameter is the cell number where you want to plot your
graph. For instance, subplot(2,2,1) means that there will be
two rows and 2 columns (hence, a total of 4 plots), and the
next plot should be plotted in the first cell. The cell position
starts from the top left, moves to the right, and then to the left
for most of the new line. The following script plots four line
plots, two on each row.
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Script 1:

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

plt.rcParams[“figure.figsize”] = [12,8]

x_vals = np.linspace(9, 20, 20)
y_vals = [math.sgrt(i) for i in x_vals]
plt.subplot(2,2,1)

plt.plot(x_vals, y_vals, ‘bo-’)

plt.subplot(2,2,2)
plt.plot(x_vals, y_vals, ‘rx-’)

plt.subplot(2,2,3)
plt.plot(x_vals, y_vals, ‘g*-’)

plt.subplot(2,2,4)
plt.plot(x_vals, y vals, ‘g*-’)

Output:

00 25 50 75 100 125 150 175 00 00 25 50 75 100 125 150 175 200

0o 5 50 15 W0 125 150 175 200 oo 25 50 75 100 125 150 175 20
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Let’s see another example of how the subplot() method can
be used to plot multiple plots. The following script plots six
line plots in two rows and three columns.

Script 2:

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

plt.rcParams[“figure.figsize”] = [12,8]

x_vals
y_vals

np.linspace(0, 20, 20)
[math.sqrt(i) for i in x_vals]

plt.subplot(2,3,1)
plt.plot(x_vals, y vals, ‘bo-’)

plt.subplot(2,3,2)
plt.plot(x_vals, y vals, ‘rx-’)

plt.subplot(2,3,3)
plt.plot(x_vals, y vals, ‘g*-’)

plt.subplot(2,3,4)
plt.plot(x_vals, y vals, ‘g*-’)

plt.subplot(2,3,5)
plt.plot(x_vals, y vals, ‘bo-’)

plt.subplot(2,3,6)
plt.plot(x_vals, y vals, ‘rx-’)
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Output:
4 4 4
3 3 3
2 2 2
1 1 1
0 o 0
o 5 10 15 20 1] 5 10 1|5 0 0 5 1n 15 0
4 4 4
3 3 i
2 2 2
1 1 1
0 1] 1]
o 5 10 15 20 o 5 10 .1'5 20 0 5 10 15 20

The idea of multiple plots is to show different information in
each plot. The following script plots six line plots in two rows
and three columns. The three line plots in the first row show
the square root of 20 numbers between O and 20. The three
line plots in the second row show the cube of the same 20
numbers.

Script 3:

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

plt.rcParams[“figure.figsize”] = [12,8]

x_vals = np.linspace(9, 20, 20)
y_vals [math.sqrt(i) for i in x_vals]
y2_vals = x_vals ** 3
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plt.
plt.

plt.
plt.

plt.
plt.

plt.
plt.

plt.
plt.

plt.
plt.

subplot(2,3,1)
plot(x_vals, y vals, ‘bo-’)

subplot(2,3,2)
plot(x_vals, y vals, ‘rx-’)

subplot(2,3,3)
plot(x_vals, y vals, ‘g*-’)

subplot(2,3,4)
plot(x_vals, y2 vals, ‘g*-’)

subplot(2,3,5)
plot(x_vals, y2 vals, ‘bo-’)

subplot(2,3,6)
plot(x_vals, y2 vals, ‘rx-’)

Output:
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3.3. Plotting in Object-Oriented Way

In this section, you will see the object-oriented way of plotting
Matplotlib plots. Look at the following script.

Script 4:

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

plt.rcParams[“figure.figsize”] = [12,8]

np.linspace(@, 20, 20)
[math.sqrt(i) for i in x_vals]

x_vals
y_vals

figure = plt.figure()

axes = figure.add_axes([0.5, 0.5, 0.5, 0.5])

In the script above, we first create the figure() object. Next,
we add an axes to this figure object using the add_axes()
method. You need to pass four numeric parameters to the
add_axes() function. The parameters are the distance from
the left and bottom axis, and then the width and height of the
axis, respectively. The values passed are the fraction of the
default values. The above script will create an empty figure
since no plot has been added to it yet. Here is the output.
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Output:

10

05

06

04

0z

0o

0.0 0z 04 06 0s 10

To add a plot to the above figure, all you have to do is call
the plot() method using the axes object. This plot() is the
same as the plot method of the pyplot module. Look at the
following script.

Script 5:

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

plt.rcParams[“figure.figsize”] = [12,8]

x_vals
y_vals

np.linspace(@, 20, 20)
[math.sqrt(i) for i in x_vals]

figure = plt.figure()
axes = figure.add_axes([0.1, 0.1, 0.5, 0.5])
axes.plot(x_vals, y vals)

axes.set xlabel( ‘X Axis’)
axes.set_ylabel( ‘Y Axis’)
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Output:
_-'f-- -
—
4 -
.f"‘"f
-

. /
L]
o
Do 2 4

'1 4

ol 1

oo 25 50 75 W0 125 150 175 200

X Axis

The best thing about the object-oriented way of plotting
graphs is that you can plot a graph inside another graph. All
you have to do is add one more axis using figure.add_axes()
method and set its location to be inside the parent plot. The
following script plots two plots. The outer plot displays the
square root, while the inner plot displays the cube of 20
integers between O and 20.

Script 6:

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

plt.rcParams[“figure.figsize”] = [12,8]
x_vals = np.linspace(@, 20, 20)

y_vals [math.sqrt(i) for i in x_vals]
y2_vals = x_vals ** 3
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figure = plt.figure()

axes = figure.add_axes([0.0, 0.0, 0.8, 0.8])
axes2 = figure.add axes([0.35, 0.07, ©0.35, 0.3]) #
inset axes

axes.plot(x_vals, y vals, ‘g’)
axes.set xlabel(‘Values”’)
axes.set_ylabel(‘Square Root”’)
axes.set title(‘Square Root Function’)

axes2.plot(x_vals, y2 vals, ‘b’)
axes2.set_xlabel( ‘Values”’)
axes2.set _ylabel( ‘Cube”’)
axes2.set_title( ‘Cube Function’)

In the output below, you can see a line plot inside another plot.

Output:

Square Root Function

Cube Function

Square Root

8000
6000

o

& 4000

(=

2000

0o 25 50 75 100 125 150 175 200
WValues

0o 25 50 75 100 125 150 175 200
Values
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3.4. Using Subplots Function
to Create Multiple Plots

In addition to using the subplot() function, again and again,
to plot multiple plots as we did in section 3.1, you can also plot
multiple plots via the subplots() function. The total number
of plots is the multiple of the number of rows and columns.
The nrows attribute of the axes function is used to specify the
number of rows while the ncols attribute indicates the number
of columns. The subplots() function returns multiple axes in a
specified number of rows and columns.

Script 7:

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

plt.rcParams[“figure.figsize”] = [12,8]
x_vals = np.linspace(9, 20, 20)

y_vals = [math.sqrt(i) for i in x_vals]
y2_vals = x_vals ** 3

fig, axes = plt.subplots(nrows=4, ncols=2)
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Output:
100 100
075 075
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025 025
0.:00 T v v T 0.00
JOOUO 0z 04 06 0.8 10 ].CIDO'U 02 04 0.6 08 10
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00 02 04 06 08 10 %0 02 04 04 08 10
1400 100
075 075
050 050
025 025
0100 T T T T 0.00
1\‘.]000 0z 04 06 (k] 10 10000 02 04 06 08 10
075 075
0550 050
025 025
0.:00 T T T T 0.00 T T T T
oo 0z 04 (117 08 10 0o 02 04 [1X] 08 10

To add plots to the axes returned by the subplots() function,
you need to iterate through each row and then each axes()
in the row and then use the axes().plot() method to add your
plot to the corresponding axis. The following script plots eight
line plots in four rows and two columns.

Script 8:

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

plt.rcParams[«figure.figsize»] = [12,8]

x_vals = np.linspace(9, 20, 20)
y_vals [math.sqgrt(i) for i in x_vals]
y2_vals = x_vals ** 3

fig, axes = plt.subplots(nrows=4, ncols=2)




DaATAa VisuaLizaTioN WIiTH PYTHON FOR BEGINNERS | 89

for rows in axes:
for ax1 in rows:
axl.plot(x_vals, y vals, ‘g’)
axl.set xlabel( ‘Values’)
axl.set_ylabel( ‘Square Root”’)
axl.set_title(‘Square Root Function’)

Output:

Square Root Function Square Root Function

Square Root
= [ s

Square Root
(=] L] s

00 25 scéquar Roph Fundionso 175 200 00 25 sdGquare Rgob Fupdionso 175 200

Square Root
B ~ =

Square Root
o ] =

|

vo 25 sdéquare Rep Fuochionso 175 200 00 25 5Gquame Repb Fundtionss 175 200

Square Rook
= [ -

Square Root
(=] [N s

00 25 5¢équate RephFunetionso 175 200 00 25 5@Gquare Rgph Fupdtionso 175 200

Square Root
=) e S

Square Root
= x B

=}

00 25 50 75 100 125 150 175 200 00 25 50 75 100 125 150 175
Values Values

]

3.5. Saving a Matplotlib Plot

To save a Matplotlib graph, you need to call the savefig()
method via the figure object. You simply need to pass the file
location where you want to store your plot to the savefig()
method. In the following script, the subplots() function is
used to plot six plots in two rows and three columns.
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Script 9:

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

plt.rcParams[«figure.figsize»] = [12,8]

x_vals = np.linspace(@, 20, 20)
y_vals = [math.sqrt(i) for i in x_vals]
y2_vals = x_vals ** 3

fig, axes = plt.subplots(nrows=2, ncols=3)

for rows in axes:
for ax1 in rows:
axl.plot(x_vals, y vals, ‘g’)
axl.set xlabel(‘Values’)
axl.set_ylabel( ‘Square Root”’)
axl.set title(‘Square Root Function’)

figure.savefig(r’E:/Subplots.jpg’)
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Output:
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Further Readings - Matplotlib Subplots

To study more about the Matplotlib subplots, please check
Matplotlib’s official documentation for Subplots. Get used
to searching and reading this documentation. It is a great
resource of knowledge.

Hands-on Time - Exercis

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of the advanced data
visualization with Matplotlib. The answers to these questions
are given at the end of the book.



https://matplotlib.org/3.1.1/api/_as_gen/matplotlib.pyplot.subplots.html
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Exercise 3.1

Question 1:

Which plot function will you use to plot a graph in the 5% cell
of a multiple plot figure with four rows and two columns?

A- plt.subplot(5,4,2)
B- plt.subplot(2,4,5)
C- plt.subplot(4,2,5)
D- None of the Above

Question 2:

How will you create a subplot with five rows and three
columns using subplots() function?

A- plt.subplots(nrows=5, ncols=3)
B- plt.subplots(5,3)

C- plt.subplots(rows=5, cols=3)
D- All of the Above

Question 3
Which function is used to save a graph?

A- figure.saveimage()
B- figure.savegraph()
C- figure.saveplot()
D- figure.savefig()

Exercise 3.2

Draw multiple plots with three rows and one column. Show
the sine of any 30 integers in the first plot, the cosine of the
same 30 integers in the second plot, and the tangent of the
same 30 integers in the 3™ plot.
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Introduction to the
Python Seaborn Library

4.1. Introduction

In the previous two chapters, you saw how to plot different
types of graphs using Python’s Matplotlib library. In this
chapter, you will see how to perform data visualization with
Seaborn, which is yet another extremely handy Python library
for data visualization. The Seaborn library is based on the
Matplotlib library. Therefore, you will also need to import the
Matplotlib library before you plot any Matplotlib graph.

To install the Seaborn library, you simply have to execute the
following command at your command terminal:

$ pip install seaborn

Before you go and start plotting different types of plot, you
need to import a few libraries. The following script does that:
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import matplotlib.pyplot as plt
import seaborn as sns

plt.rcParams[«figure.figsize»] = [10,8]

tips_data = sns.load_dataset(‘tips’)

tips_data.head()

The above script imports the Matplotlib and Seaborn libraries.
Next, the default plot size is increased to 10 x 8. After that,
the load_dataset() method of the Seaborn module is used
to load the tips dataset. Finally, the first five records of the
tips dataset have been displayed on the console. Here is the

output.
Output:

total_kill  tip sex smoker day time size

0 1699 1.01 Female Mo Sun Dinner 2

1 10.34 1.66 Male Mo Sun Dinner 3

2 21.01 3.50 Male Mo Sun Dinner 3

3 2368 3.3 Male Mo Sun Dinner 2

4 2459 361 Female Mo Sun Dinner 4

The tips data set contains records of the bill paid by a customer
at arestaurant. The dataset contains six columns: total_bill, tip,
sex, smoker, day, time, and size. You do not have to download
this dataset as it comes built-in with the Seaborn library. We
will be using the tips dataset to plot some of the Seaborn
plots. So, without any ado, let’s start plotting with Seaborn.
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All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

It goes without saying that we will be using the Matplotlib
library.

The Numpy and Pandas libraries should also be installed
before this chapter.

Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 4.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

4.2. The Dist Plots

The dist plot, also known as the distributional plot, is used to
plot the histogram of data for a specific column in the dataset.
To plot a dist plot, you can use the distplot() function of the
Seaborn library. The name of the column for which you want
to plot a histogram is passed as a parameter to the distplot()
function. The following script plots the dist plot for the total_
bill column of the tips dataset.

Script 1:

plt.rcParams[«figure.figsize»] = [10,8]
sns.distplot(tips_data[ ‘“total bill’])
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Output:
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Similarly, the following script plots a dist plot for the tip
column of the tips dataset.

Script 2:

sns.distplot(tips_data[ ‘tip’])

Output:
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o3

02

ol

oo
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The line on top of the histogram shows the kernel density
estimate for the histogram. The line can be removed by passing
False as the value for the kde attribute of the distplot()
function, as shown in the following example.

Script 3:

sns.distplot(tips_data[ ‘tip’], kde = False)

Output:

10

g

Further Readings - Seaborn Distributional Plots [1]

To study more about Seaborn distributional plots, please
check Seaborn’s official documentation for distributional
plots. Try to plot distributional plots with a different set of
attributes, as mentioned in the official documentation.

4.3. Joint Plot

The joint plot is used to plot the histogram distribution of
two columns, one on the x-axis and the other on the y-axis.
A scatter plot is by default drawn for the points in the two


https://seaborn.pydata.org/generated/seaborn.distplot.html
https://seaborn.pydata.org/generated/seaborn.distplot.html
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columns. To plot a joint plot, you need to call the jointplot()
function. The following script plots a joint plot for the total_
bill and tip columns of the tips dataset.

Script 4:

sns.jointplot(x="total bill’, y="tip’, data=tips_data) |

Output:
10 A [ ]
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. e &F .
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total_bill

The scatter plot can be replaced by a regression line in a joint
plot. To do so, you need to pass reg as the value for the kind
parameter of the jointplot() function.

Script 5:

sns.jointplot(x="size’, y=’total bill’, data=tips_data,
kind = ‘reg’)
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Output:

total_pill

Further Readings - Seaborn Joint Plots [2]

To study more about Seaborn joint plots, please check
Seaborn’s official documentation for joint plots. Try to plot
joint plots with a different set of attributes, as mentioned in
the official documentation.

4.4. Pair Plot

The pair plot is used to plot a joint plot for all the combinations
of numeric and Boolean columns in a dataset. To plot a pair
plot, you need to call the pairplot() function and pass it to
your dataset.

Script 6:

sns.pairplot(data=tips_data)



https://seaborn.pydata.org/generated/seaborn.jointplot.html
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You can also plot multiple pair plots per value in a categorical
column. To do so, you need to pass the name of the categorical
column as the value for the hue parameter. The following
script plots two pair plots (one for lunch and one for dinner)
for every combination of numeric or Boolean columns.

Script 7:

sns.pairplot(data=tips_data, hue = ‘time’)
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Further Readings - Seaborn Pair Plot [3]

To study more about Seaborn pair plots, please check
Seaborn’s official documentation for pair plots. Try to plot
pair plots with a different set of attributes, as mentioned in
the official documentation.

4.5. Rug Plot

The rug plot is the simplest of all the Seaborn plots. The rug
plot basically plots small rectangles for all the data points in a
specific column. The rugplot() function is used to plot a rug
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plot in Seaborn. The following script plots a rugplot() for the
total_bill column of the tips dataset.

Script 8:

sns.rugplot(tips_data[ ‘total bill’])

Output:

10

k]

06

04

0z

oo (11T R O
L 40

10 20 30

You can see a high concentration of rectangles between 10
and 20, which shows that the total bill amount for most of the
bills is between 10 and 20.

Further Readings - Seaborn Rug Plot [4]

To study more about Seaborn rug plots, please check
Seaborn’s official documentation for rug plots. Try to plot
rug plots with a different set of attributes, as mentioned in
the official documentation.



https://seaborn.pydata.org/generated/seaborn.rugplot.html

DaTA VisuaLizaTioON WITH PYTHON FOR BEGINNERS | 103

4.6. Bar Plot

The bar plot is used to capture the relationship between a
categorical and numerical column. For each unique value in a
categorical column, a bar is plotted, which by default, displays
the mean value for the data in a numeric column specified by
the bar plot.

In the following script, we first import the built-in Titanic
dataset from the Seaborn library via the load_dataset()
function. You can also read the CSV file named titanic_data.
csv from the resources folder, as mentioned in chapter 2.

Script 9:

import matplotlib.pyplot as plt
import seaborn as sns

plt.rcParams[«figure.figsize»] = [8,6]
sns.set_style(«darkgrid»)

titanic_data = sns.load dataset(‘titanic’)

titanic_data.head()

Here are the first five rows of the Titanic dataset.

Output:

survived pclass sex apge sibsp parch fare embarked class who adult_male deck embark_town alive alone

i} 3 male 220 1 0 72500 S Third man True MNaWN  Southampton no False
712833
7.9250
53.1000
3.0500

female 38.0 First woman False C Cherbourg ~ yes False

female 26.0 Third woman False MaN Southampion yes True

female 35.0 First woman False G Southampion  yes False

oW R = O

1 1 0
3 0 0
1 1 0
3 0 0

L2 I R R ]

1
1
1
o male 350 Third man True MaN  Southampton no  True

Next, we will call the barplot() function from the Seaborn
library to plot a bar plot that displays the average age of
passengers traveling in different classes of the Titanic ship.



104 | INTRODUCTION TO THE PYTHON SEABORN LIBRARY

Script 10:

|sns.barplot(x=’pc1ass’, y="age’, data=titanic_data)

Output:

0

polass

The output shows that the average age of the passengers
traveling in the first class is between 35 and 40. The average
age of the passengers traveling in the second class is around
30, while the passengers traveling in the 3@ class have an
average age of 25.

You can further categorize the bar plot using the hue attribute.
For example, the following bar plot plots the average ages
of passengers traveling in different classes and further
categorized based on their genders.

Script 11:

sns.barplot(x=’pclass’, y=’age’, hue =’sex’, data=titanic_
data)
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Output:
BEN
|,
a0 mm female
£ i
[+ 1)
)
. 4}
0
o
1 2 3

pclass

The output shows that irrespective of the gender, the
passengers traveling in upper classes are on average older
than the passengers traveling in lower classes.

You can also plot multiple bar plots depending upon the
number of unique values in a categorical column. To do so, you
need to call the catplot() function and pass the categorical
column name as the value for the col attribute column. The
following script plots two bar plots—one for the passengers
who survived the Titanic accident and one for those who
didn’t survive.

Script 12:

sns.catplot(x=»pclass», y=»age», hue=»sex», col=»survived»,
data=titanic_data, kind=»bar»);
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Output:

survived =0 survived = 1

]
0
0
sex
ﬁ - rale
= fmale
Fol
0
o
1 2 3 1 2 3

pelass pelass

Further Readings -Seaborn Bar Plot [5]

To study more about Seaborn bar plots, please check
Seaborn’s official documentation for bar plots. Try to plot
bar plots with a different set of attributes, as mentioned in
the official documentation.

4.7. Count Plot

The count plot plots plot like a bar plot. However, unlike the bar
plot, which plots average values, the count plot simply displays
the counts of the occurrences of records for each unique value
in a categorical column. The countplot() function is used to
plot a count plot with Seaborn. The following script plots a
count plot for the pclass column of the Titanic dataset.

Script 13:

sns.countplot(x=’pclass’, data=titanic_data)

The output shows that around 200 passengers traveled in
the first class while an overwhelming majority of passengers
traveled in the 3™ class of the Titanic ship.
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Output:

oount

pclass

Like a bar plot, you can also further categorize the count plot
by passing a value for the hue parameter. The following script
plots a count plot for the passengers traveling in different
classes of the Titanic ship categorized further by their genders.

Script 14:

sns.countplot(x=’pclass’, hue=’sex’, data=titanic_data) |
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Output:

B0 ==
- male
mm Emale
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=0

0
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150
W00
m . .
li]
1 2 3

pclass

Further Readings - Seaborn Count Plot [6]

To study more about Seaborn count plots, please check
Seaborn’s official documentation for count plots. Try to plot
count plots with a different set of attributes, as mentioned
in the official documentation.

4.8. Box Plot

The box plot is used to plot quartile information for data in a
numeric column. To plot a box plot, the boxplot() method is
used. To plot a horizontal box plot, the column name of the
dataset is passed to the x-axis. The following script plots a
box plot for the fare column of the Titanic dataset.

Script 15:

sns.boxplot(x=titanic_data[«fare»])
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Output:

LN L L H e +

fars

Similarly, the following script plots the vertical box plot for the
fare column of the Titanic dataset.

Script 16:

sns.boxplot(y=titanic_data[«fare»])

Output:
- *
5 H
200 '
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You can also plot multiple box plots for every unique value in
a categorical column. For instance, the following script plots
box plots for the age column of the passengers who traveled
alone as well as for passengers who were accompanied by at
least one other passenger.

Script 17:

sns.boxplot(x="alone’, y=’age’, data=titanic_data)

Here is the output of the script above.

Output:

Falsa Trua
dane

Let’s first discuss the passengers traveling alone, which are
represented by the orange box. The result shows that half of
the passengers were aged more than 30, while the remaining
half was aged less than 30. Among the lower half, the age of
the passengers in the first quartile was between 6 and 23, while
the passengers in the second quartile were aged between
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24 and 30. In the same way, you can get information about
the 39 and 4 age quartile of the passengers traveling alone.
A comparison of the two box plots reveals that the median
age of the passengers traveling alone is slightly greater than
the median age of the passengers accompanied by other
passengers.

Like bar and count plots, the hue attribute can also be used to
categorize box plots.

For instance, the following script plots box plots for the
passengers traveling alone and along with other passengers,
further categorized based on their genders.

Script 18:

sns.boxplot(x="alone’, y=’age’, hue=’sex’,data=titanic_
data)

Output:

I mols
* EE Emale

Falsa Trusa
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The two box plots on the left correspond to the passengers
not traveling alone, while the two box plots on the right
correspond to the passengers traveling alone. The output
shows that the median value of age for male passengers is
higher for both types of passengers, i.e., passengers traveling
alone or not. Furthermore, male passengers who are traveling
alone have the overall highest median age value.

By default, the box plot draws outliers. To remove outliers
from a box plot, you have to pass False as the value for the
showfliers attribute of the boxplot() function. Here is an
example.

Script 19:

sns.boxplot(x="alone’, y=’age’, hue=’sex’,data=titanic_
data, showfliers=False)

Output:
” = -Hr::nln
I emale
A0

Falsa Trua

You can see that the output doesn’t contain any outliers for
the box plots.



DaTA VisuaLizAaTiION WITH PYTHON FOR BEGINNERS | 113

Further Readings -Seaborn Box Plot [7]

To study more about Seaborn box plots, please check
Seaborn’s official documentation for box plots. Try to plot
box plots with a different set of attributes, as mentioned in
the official documentation.

4.9. Violin Plot

Violin plots are similar to box plots. However, unlike box plots
that plot quartile information, violin plots plot the overall
distribution of values in numeric columns. The following script
plots two violin plots for the passengers traveling alone and
along with another passenger. The violinplot() function is
used to plot a swarm plot with Seaborn.

Script 20:

sns.violinplot(x=’alone’, y=’age’, data=titanic_data) |

Here is the output of the above script.

Output:

an

Falza Trua
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The output shows that among the passengers traveling alone,
the passengers whose age is less than 15 are very few as
shown by the orange violin plot on the right. This behavior
is understandable as children are normally accompanied by
someone. This can be further verified by looking at the blue
violin plot on the left that corresponds to the passengers
accompanied by other passengers.

The hue attribute can also be used to categorize the violin
plot further.

The following script plots a violin plot, first categorized by
whether or not the passengers travel alone, and then by their
gender.

Script 21:

sns.violinplot(x=’alone’, y=’age’, hue=’sex’,data=titanic_
data)

Output:

Falsa Trua
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The output shows that among the passengers traveling alone,
the number of female passengers with age greater than 80
is less compared to male passengers. And the trend that
younger passengers did not travel alone stays the same for
both genders.

For a better comparison and to save space, you can also plot
split violin plots. In split violin plots, each half corresponds to
one value in a category column. For instance, the following
script plots two violin plots—one each for the passengers
traveling alone and for the passengers not traveling alone.
Each plot is further split into two parts based on the genders
of the passengers.

Script 22:

sns.violinplot(x=’alone’, y=’age’, hue=’sex’,data=titanic_
data, split=True)

Output:

Bax
N male

Falsa Trua
aone
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Further Readings -Seaborn Violin Plot [8]

To study more about Seaborn violin plots, please check
Seaborn’s official documentation for Violin plots. Try to plot
violin plots with a different set of attributes, as mentioned in
the official documentation.

4.10. Strip Plot

Strip plot in Seaborn is used to draw a scatter plot in the form
of strips for all the unique values in the categorical column.
For instance, the following strip plot plots the ages of the
passengers traveling alone and passengers accompanied by
someone. The stripplot() function is used to plot a swarm
plot with Seaborn.

Script 23:

sns.stripplot(x=’alone’, y=’age’, data=titanic_data) |

Output:
B [
0 * ‘ﬁ *»
[
@ -!}‘--FI
o« ¥,
= 1 I{{.‘
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an
]
5T,
0 L]
L]
Falsa Trua


https://seaborn.pydata.org/generated/seaborn.violinplot.html

DaTA VisuaLizATION WITH PYTHON FOR BEGINNERS | 117

The hue parameter can be used here again to further categorize
strip plots, as shown in the following example.

Script 24:

sns.stripplot(x=’alone’, y=’age’, hue=’sex’,data=titanic_
data)

Output:
& . e
# male
- @ female

0 . '
) s o

o e
50 ;:g‘, . W ;

ks g
g F'q‘

. %
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0 '..\,,. {:: "
n e

Falza Trua

dane

Finally, like violin plots, you can also split strip plots, as
demonstrated by the following example.

Script 25:

sns.stripplot(x=’alone’, y=’age’, hue=’sex’,data=titanic_
data, split = True)
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Output:
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Further Readings -Seaborn Strip Plot [9]

To study more about Seaborn strip plots, please check
Seaborn’s official documentation for strip plots. Try to plot
strip plots with a different set of attributes, as mentioned in
the official documentation.

4.11. Swarm Plot

Swarm plots are a combination of violin plot and strip plots.
While the swarm plots plot the distribution of data in the form
of a violin, the actual data points within the violin plots are
displayed in the form of a scatter plot. The final plot looks like
a swarm of bees.

Let’s plot a swarm plot that displays the passengers traveling
alone and with other passengers. The swarmplot() function is
used to plot a swarm plot with Seaborn.
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Script 26:

sns.swarmplot(x=’alone’, y=’age’, data=titanic_data) |

Output:
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The output of script 26 is quite similar to the output of script
20. However, in the output of script 26, each data point
is explicitly displayed. You can even count the number of
passengers for each age group looking at the swarm plot. For
instance, the above plot shows that among the passengers
traveling alone, there is only one passenger with age less than
10 as there is only one orange dot in the range of 0-10. On
the other hand, if you look at the blue swarm plot, you can
see multiple blue dots in the range of 0-10. Hence, you can
conclude that passengers in the age group 0-10 were mostly
accompanied by someone.

With the hue parameter, you can further categorize the swarm
plot, as shown in the following script.
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Script 27:

sns.swarmplot(x=’alone’, y=’age’, hue=’sex’,data=titanic_
data)

Output:
an . BEX
® mals
- & femals
1] .
a0
]
b
ol
0 ot
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E:' IM
0 L]

Falsa Trua

The output shows that among the passengers traveling alone,
there was no male passenger aged less than 10 while there
was only one female passenger aged less than10 who traveled
alone.

Finally, you can split swarm plots by setting the value of the
split attribute to True, as shown below.
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Script 28:

sns.swarmplot(x=’alone’, y=’age’, hue=’sex’,data=titanic_
data, split = True)

Output:

an L]

. ® fEemals

B S I
§ 0
£ 3

Falza Trua
done

Further Readings - Seaborn Swarm Plot [10]

To study more about Seaborn swarm plots, please check
Seaborn’s official documentation for swarm plots. Try to plot
swarm plots with a different set of attributes, as mentioned
in the official documentation.

Hands-on Time - Exercise

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of the advanced data
visualization with the Seaborn library. The answers to these
guestions are given at the end of the book.
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Exercise 4.1
Question 1

Which plot is used to plot multiple joint plots for all the
combinations of numeric and Boolean columns in a dataset?

A- Joint Plot
B- Pair Plot

C- Dist Plot

D- Scatter Plot

Answer: B
Question 2
Which function is used to plot multiple bar plots?

A- barplot()
B- jointplot()
C- catplot()
D- mulplot()
Answer: C
Question 3

Which attribute is used to set the default type of a joint plot?

A- kind
B- type
C- hue
D- col

Answer: A
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Exercise 4.2

Plot a swarm violin plot using Titanic data that displays the
fare paid by male and female passengers.

Further, categorize the plot by passengers who survived and
by those who didn’t.
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Advanced Plotting
with Seaborn

In the previous chapter, you examined how to plot some of the
basic plots with Python’s Seaborn library. In this chapter, you
will see some of the advanced Seaborn plots in action.

All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

Needless to say, we will be using the Matplotlib library.

The Numpy and Pandas libraries should also be installed
before this chapter.

Finally, you will need to install and import Python’s
Seaborn library to execute scripts in this chapter. To
install the Seaborn library, please refer to Chapter 4.

Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 5.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output, as mentioned
in this chapter.
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5.1. Scatter Plot

In chapter 2, you saw how to plot a scatter plot with Matplotlib.
In this section, you will see how to plot a scatter plot with
Python’s Seaborn library.

Let’s first import the tips dataset from the Seaborn library.

Script 1:

import matplotlib.pyplot as plt
import seaborn as sns

plt.rcParams[«figure.figsize»] = [10,8]
tips_data = sns.load_dataset(‘tips’)

tips_data.head()

Output:
total_hill  tip gex smoker day time =ize
0 1699 1.01 Female Mo Sun  Dinner 2
1 1034 1.68 Male Mo Sun  Dinner 3
2 21.01 3.50 Male Mo Sun  Dinner 3
3 2368 3.3 Male Mo Sun  Dinner 2
4 2459 361 Female Mo Sun  Dinner 4

Let’'s now plot a scatter plot with the values from the total_
bill column of the tips dataset on the x-axis and values from
the tips column on the y-axis. To plot a scatter plot, you need
to call the scatterplot() method of the Seaborn library.

Script 2:

sns.scatterplot(x=»total bill», y=»tip», data=tips_data) |
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Output:
10 A .
.
E.
L] L] . N
- 5] . t. -
= - ss s fae '5_ U -
. o odpWlete*’
,.,vln ‘n?inln"h' ] L]
|. -' -Iln""' - .
ﬁm.:" ‘r' :
7 ry e e ow 8 a-n
, ndes s ~ % .
. .
10 P 0 an 50
total_oill

To change the color of the scatter plot, simply pass the first
letter of any color to the color attribute of the scatterplot()

function.
Script 3:
sns.scatterplot(x=»total bill», y=»tip», data=tips_data,
color = ‘r?)
Output:
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Finally, to change the marker shape for the scatter plot, you
need to pass a value for the marker attribute. For example, the
following scatter plot plots blue x markers on the scatter plot.

Script 4:

sns.scatterplot(x=»total bill», y=»tip», data=tips_data,
color = ‘b’, marker = ‘x’)

Output:
10 *
=
B =
x
E 4
[=1
= :ﬂ)-c 4 b
4 *®
4
s
x
2 o
b
10 20 E] 40 50

otal_bill

Further Readings - Seaborn Scatter Plots [1]

To study more about Seaborn scatter plots, please check
Seaborn’s official documentation for Scatter plots. Try
to plot scatter plots with a different set of attributes, as
mentioned in the official documentation.

5.2. Styling Seaborn Plots

While Matplotlib plots might not be that aesthetically pleasing,
you can create aesthetically pleasant plots with Seaborn. For
instance, you can set the background style of the plot with
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set_style() function. You can pass one of the darkgrid,
whitegrid, white, and ticks as a value to the set_style()
function. Here is an example of the set_style() function.

Script 5:

sns.set_style( ‘darkgrid’)
sns.scatterplot(x=»total bill», y=»tip», data=tips_data,
color = ‘b’, marker = ‘x’)

Output:
1] x
X
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] 2 0 40 =0

otal_oill

Similarly, if you pass whitegrid as a value to the set_style()
function, you will see grids with a white background. Here is
an example.

Script 6:

sns.set_style(‘whitegrid’)
sns.scatterplot(x=»total_bill», y=»tip», data=tips_data,
color = ‘b’, marker = ‘x’)
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Output:
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In addition to styling the background, you can style the plot for
different devices via the set_context() function. By default,
the context is set to notebook. However, if you want to plot
your plot on a poster, you can pass poster as a parameter to
the set_context() function. In the output, you will see a plot
with bigger annotations, as shown below.

Script 7:

sns.set_context( ‘poster’)
sns.scatterplot(x=»total bill», y=»tip», data=tips_data,
color = ‘b’, marker = ‘x’)
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Further Readings - Styling Seaborn Plots [2]

To study more about how to style seaborn plots, please
check Seaborn’s official documentation for styling Seaborn
plots. Try to Apply Seaborn styles with a different set of
attributes, as mentioned in the official documentation.

5.3. Heat Maps

A heat map is a type of matrix plot and is used to plot the
correlation between numeric columns in a dataset in the form
of a matrix. To plot a heat map, both columns and rows should
have meaningful information. To plot a heat map, we will use
the Titanic dataset. Let’s first import the Titanic dataset.


https://seaborn.pydata.org/tutorial/aesthetics.html
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Script 8:

import matplotlib.pyplot as plt
import seaborn as sns

plt.rcParams[«figure.figsize»] = [8,6]
sns.set_style(«darkgrid»)

titanic_data = sns.load _dataset(‘titanic’)

titanic_data.head()

Output:
survived pclass sex age sibsp parch fare embarked class who adult_male deck embark_town alive alone
o o 3 male 22.0 1 0 72500 S Third man True MNaM  Southampton no Falss
1 1 1 female 33.0 1 0 712833 C  First woman False c Cherbourg yes  Falss
2 1 3 female 26.0 o 0 79250 S Third woman False MNaM Scuthampton yes True
3 1 1 female 35.0 1 0 53.1000 S First woman False C  Southampton  yes False
4 o 3 male 35.0 o 0 3.0500 S Third man True MNaN  Southampton no  True

The above output shows that we have meaningful information
along columns only. To plot a heat map, we need meaningful
information on rows as well. One of the ways to get meaningful
information among rows is to call the corr() function on a
Pandas dataframe. Let’s see what the corr() function does to
the Pandas dataframe that contains the Titanic dataset.

Script 9:

titanic_data.corr()
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Output:

survived pclass age sibsp parch

fare adult_male alone

survived  1.000000 -0.338481 -0.077221 -0.035322 0.081629
pclass  -0.338481  1.000000 -0.369226 0.083081 0.018443
age -0.077221 -0.368226 1.000000 -0.308247 -0.189119

sibsp -0.035322 0.083081 -0.308247 1.000000 0.414838
parch 0.081629 0015443 -0.159118 0414835 1.000000

fare 0.257307 -0.548500 0.086067 0158651 0.216225
aduli_male -0.557080 0.084035 0.280328 -0.253586 -0.349943
alone -0.203367 0135207 0.198270 -0.584471 -0.5833%8

From the output above, you can see

0.257307  -0.557080 -0.203367

-0.548500 0.084035 0.135207

0.086067 0.280328 0.198270
0.158651  -0.253586 -0.554471
0.216225  -0.349943 -0.583385
1.000000  -0.182024 -0.271832

-0.182024 1.000000 0.404744
-0.271832 0.404744  1.000000

that we now have

meaningful information across rows as well. In the following

script, we first increase the default plot size and then pass

the correlation matrix of the Titanic dataset to the heatmap()

function to create a heat map.

Script 10:

plt.rcParams[«figure.figsize»] = [10,8]
corr_values = titanic_data.corr()
sns.heatmap(corr_values, annot= True)

You can see a heat map in the output, as shown below. The

higher the correlation is, the darker the cell containing the

correlation.
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Output:

survived

-08

0083 ( 0.55 0.094

polass

age

sbsp

oo1e

fare parch

adult_male

M
survived pclass age sibsp parch fare aduli_male aone

aone

You can see that the above plot is cropped from the top and
bottom. The following script plots the uncropped plot. In the
following script, we use the set_ylim() method to increase
the plot size from top and bottom cell by 0.5 percent.

Script 11:

plt.rcParams[«figure.figsize»] = [10,8]
corr_values = titanic_data.corr()

ax = sns.heatmap(corr_values, annot= True)
bottom, top = ax.get_ylim()
ax.set_ylim(bottom + 0.5, top - 0.5)
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Output:

0.077 35 0082 26 0.56 -0

survived

0.018

pclass

age

0.035

parch zmbsp

fare

0.094

done adult_male

suryived pclass age shsp parch fare adull_male aons

You can also change the default color of the heatmap. To
do so, you need to pass a value for the cmap attribute of the
heatmap() function. Look at the script below:

Script 12:

plt.rcParams[«figure.figsize»] = [10,8]

corr_values = titanic_data.corr()

ax = sns.heatmap(corr_values, annot= True, cmap =
‘coolwarm’)

bottom, top = ax.get_ylim()

ax.set_ylim(bottom + 0.5, top - 0.5)
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Output:

pclass  survived

age

—-03

sbsp

parch

=00

fare

doneadult_male

survived pciass age sbsp parch are adult_male  aone

In addition to changing the color of the heat map, you can
also specify the line color and width that separates cells in a
heat map.

Let’s import the flights dataset from the Seaborn library. The
flights dataset contains records of the passengers traveling
each month from 1949 to 1960.

Script 13:

import matplotlib.pyplot as plt
import seaborn as sns

plt.rcParams[«figure.figsize»] = [10,8]

flights_data = sns.load _dataset( ‘flights’)

flights_data.head()
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Output:

year month  passengers

0 1949  January 112
1 1843 February 118
2 1949 March 132
3 1949 April 129
4 1945 May 121

In addition to the corr() function, which returns the correlation
between the numeric columns, you can also use the pivot_
table() function to get a matrix with meaningful rows and
color. For instance, the pivot_table() function in the following
script returns a matrix where rows represent months, columns
represent years from 1949 to 1960, and each cell contains the
number of passengers traveling in a specific month of a specific
year. The matrix created via the pivot_table() method can
then be plotted via the heatmap() function.

Script 14:

flights_data_pivot =flights_data.pivot_table(index=’month’,
columns="year’, values=’passengers’)

ax = sns.heatmap(flights_data_pivot, cmap = ‘coolwarm’,
linecolor="black’, linewidth=1)

bottom, top = ax.get_ylim()

ax.set _ylim(bottom + ©.5, top - 0.5)
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Output:

January
February
March

April

July
August
September
October
MNovember

December

= 400

1949 1950 1951 18952 1853 1954 1955 1956 1957 1958 19859 1960
year

Further Readings - Seaborn Heatmaps [3]

To study more about Seaborn heatmaps, please check
Seaborn’s official documentation for heat maps. Try to plot

heat maps with a different set of attributes, as mentioned in
the official documentation.

5.4. Cluster Maps

A cluster map is also a type of matrix plot. Cluster map
clusters data on the base of hierarchical clustering. To plot a

cluster map, you need to call the cluster_map() function. The
following script plots a cluster map that clusters the number
of passengers with respect to years and months.

Script 15:

flights_data_pivot =flights data.pivot_table(index=’month’,
columns="year’, values=’passengers’)
ax = sns.clustermap(flights_data_pivot, cmap = ‘coolwarm’)



https://seaborn.pydata.org/generated/seaborn.heatmap.html

DaTA VisuaLizaTioN WITH PYTHON FOR BEGINNERS | 139

Here is the output. The output clearly shows that passengers
traveling from 1949 to 1954 have been clustered together,
while those traveling from 1955 to 1960 have been clustered
together in an outer hierarchical cluster. This is due to the fact
that the number of passengers increased rapidly. Hence, the
first half of the years is clustered together, while the second
half is clustered together.

Output:

=
300

= 400

= L

— January

— February

= November

= March

= December

= May

month

= April

= Octobar

= Mugust

— June

— September
1949 1850 1853 1954 1851 1852 1959 1960 1857 1958 1955 1836
year

With respect to months, June to September has been clustered
together. This behavior can be justified by the fact that in most
countries, the summer holiday period lies between June and
September.

Like heat map, you can also specify line color and width
separating cells in a cluster map. Here is an example:
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Script 16:

flights_data_pivot =flights data.pivot_ table(index=’month’,
columns="year’, values=’passengers’)

ax = sns.clustermap(flights_data_pivot, cmap = ‘coolwarm’,
linecolor=’black’, linewidth=1)

Output:

e

- 400

N et e e

- January
g{ - February

I~ Movember

[~ March

[~ December

- May s

- Agril £

I~ October

[ Juty

- dugust

- June

— September
1949 1850 19853 1954 1851 1852 1959 1960 1957 1958 1955 1956

year

L

Further Readings - Seaborn Cluster Maps [4]

To study more about Seaborn cluster maps, please check
Seaborn’s official documentation for cluster maps. Try to plot
cluster maps with a different set of attributes, as mentioned
in the official documentation.

5.5. Pair Grids

In the previous chapter, you saw how the pair plot can be used
to plot relationships between numeric columns of a dataset.



https://seaborn.pydata.org/generated/seaborn.clustermap.html
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Before we see pair grids in action, let’s revise how the pair
plot works. The following script plots the pair plot for the tips
dataset.

Script 17:

import matplotlib.pyplot as plt
import seaborn as sns

plt.rcParams[«figure.figsize»] = [10,8]
tips_data = sns.load _dataset(‘tips’)

sns.pairplot(tips_data)

Output:
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Let’s now plot a pair grid for the tips dataset. To do so, you
have to pass the Pandas dataframe containing the tips dataset
to the PairGrid() function, as shown below.

Script 18:

sns.PairGrid(tips_data)

In the output, you should see the empty grids as follows.
Output:

1.0

0.8

fotal_ball

L[]

Sze

000 025 050 075 100 000 025 050 O75 100 000 025 050 0OF5 100
otal_bil ip slze

To actually plota graph on the grids returned by the PairGrid()
function, you need to call the map() function on the object
returned by the PairGrid() function. Inside the map function,
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the type of plot is passed as a parameter. For instance, the
following PairGrid() function plots a scatter plot for all the
pairs of numerical columns in the tips dataset.

Script 19:

pgrids = sns.PairGrid(tips_data)
pgrids.map(plt.scatter)

Output:
50 - " * . .
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40 . g .
= .
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With a pair grid, you can plot different types of plots on the
diagonal, upper portion from the diagonal, and the lower
portion from a diagonal. For instance, the following pair
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grid plots a kernel density estimation plots on diagonal,
distributional plots on the upper part of the diagonal, and
scatter plots on the lower side of the diagonal.

Script 20:

pgrids = sns.PairGrid(tips_data)

pgrids.map_diag(sns.distplot)
pgrids.map_upper(sns.kdeplot)
pgrids.map_lower(plt.scatter)

Output:

&

total_bil
=]
—

10.0 *
L ]
75
g s0
25
00 " .
- L 1] [ ] a8 @
5 ". @9 a8 B

o 20 40

otal_bill

o 2 10
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Further Readings - Seaborn Pair Grids [5]

To study more about Seaborn pair grids, please check
Seaborn’s official documentation for pair grids. Try to plot
pair grids with a different set of attributes, as mentioned in
the official documentation.

5.6. Facet Grids

Facet grids in Seaborn are used to plot two categorical
columns against two numerical columns. For instance, if you
want to plot the distributional plots for the total_bill column
of the tips dataset with respect to sex and time, you can plot
facet grids as follows.

Script 21:

fgrid = sns.FacetGrid(data=tips_data, col=’sex’,
row="time’)
fgrid.map(sns.distplot, ‘total bill’)

You can see gender across columns and time across rows as
respectively, specified by the FacetGrid() function’s col and
row attributes.


https://seaborn.pydata.org/generated/seaborn.PairGrid.html
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Output:

time = Lunch | sex = Male time = Lunch | sex = Female
LR}
Q.08
.06
004
ao02
ooD L

time = Dinner | $&x = Male time = Dinner | s&x = Female
010
008
006
004
0oz I
0.00 - -

] 20 40 Bl (1] 20 40 [ 1]
iotal_bdl fotal kil

Similarly, you can use the facet grid to plot scatter plots for
the total_bill and tips columns, with respect to sex and
time columns.

Script 22:

fgrid = sns.FacetGrid(data=tips_data, col=’sex’,
row="time’)
fgrid.map(plt.scatter, ‘total bill’, ‘size’)
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Output:
time = Lunch | sex = Male time = Lunch | sex = Female
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Further Readings - Seaborn Facet Grid [6]

To study more about Seaborn facet grids, please check
Seaborn’s official documentation for facet grids. Try to plot
facet grids with a different set of attributes, as mentioned in
the official documentation.

5.7. Regression Plots

Regression plots are used to plot a scatter plot for two columns
along with the regression lines. To plot a regression plot with


https://seaborn.pydata.org/generated/seaborn.FacetGrid.html
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Seaborn, you need to call the Implot() method. The following
script plots a regression plot for total_bill and tips columns
of the tips dataset.

Script 23:

sns.lmplot(x="total bill’, y="tip’, data =tips_data) |

Output:

10 .

ip

total_bill

You can plot regression plots for two columns on the y-axis. To
do so, you need to pass a column name for the hue parameter
of the 1Implot() function.

Script 24:

sns.lmplot(x="total bill’, y="tip’, data =tips_data,
hue=’time’)
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Output:

10 ]

6
o me
L ] Lunch
4 @  Dinner
2
0
0 0 2 0 40 50
fotal_bill

The output shows that there is a higher variation in the number
of bills paid during lunchtime as compared to the number of
bills paid during dinner.

In addition to having on plot for both the columns on the
X-axis, you can create two different plots via col parameter as
shown below:

Script 25:

sns.lmplot(x="total bill’, y="tip’, data =tips_data,
col="time’)
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Output:

time = Lunch time = Dinner

fip

fotal_bill total_bill

Further Readings - Seaborn Regression Plots [7]

To study more about Seaborn regression plots, please check
Seaborn’s official documentation for régression plots. Try to
plot regression plots with a different set of attributes, as
mentioned in the official documentation.

And with this, we conclude this chapter. In the next couple of
chapters, you will see how to work with the Pandas library,
and how to plot different types of plots with Python Pandas
library.

Hands-on Time - Exercise

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of the advanced data
visualization with the Seaborn library. The answers to these
questions are given at the end of the book.



https://seaborn.pydata.org/generated/seaborn.lmplot.html
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Exercise 5.1
Question 1

Which seaborn function allows you to plot a graph that can
be printed as a poster?

A- set_style (‘darkgrid’)
B- set_style (‘whitegrid’)
C- set_style (‘poster’)

D- set_context (‘poster’)

Question 2

Which function can be used to find the correlation between
all the numeric columns of a Pandas dataframe?

A- correlation()

B- corr()

C- heatmap()

D- none of the above

Question 3
Which function is used to annotate a heat map?

A- annotate()
B- annot()

C- mark(

D- display()
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Exercise 5.2

Plot two scatter plots on the same graph using the tips_
dataset. In the first scatter plot, display values from the total _
bill column on the x-axis and from the tip column on the y-axis.
The color of the first scatter plot should be green. In the second
scatter plot, display values from the total_bill column on the
x-axis and from the size column on the y-axis. The color of the
second scatter plot should be blue, and markers should be x.

References
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https://seaborn.pydata.org/generated/seaborn.scatterplot.html

https://seaborn.pydata.org/tutorial/aesthetics.html
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https://seaborn.pydata.org/generated/seaborn.clustermap.html
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https://seaborn.pydata.org/generated/seaborn.FacetGrid.html
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6

Introduction to Pandas
Library for Data Analysis

6.1. Introduction

In this chapter, you will see how to use Python’s Pandas library
for data analysis. In the next chapter, you will see how to use
the Pandas library for data visualization by plotting different
types of plots.

Execute the following script on your command prompt to
download the Pandas library.

$ pip install pandas

The following script imports the Pandas library in your
application. Execute the script at the type of all Python codes
that are provided in this chapter.

import pandas as pd

Furthermore, the following are the libraries that you need to
install before running the scripts in this chapter.
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All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

It goes without saying that we will be using the Matplotlib
library.

The Numpy and Pandas libraries should also be installed
before this chapter.

Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 6.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

6.2. Reading Data into the
Pandas Dataframe

In the second chapter of this book, you saw how the Pandas
library can be used to read CSV and TSV files. Here, we wiill
just briefly recap how to read CSV files with Pandas. The
following script reads the “titanic_data.csv” file from the
Datasets folders in the Resources. The beginning five rows of
the Titanic dataset have been printed via the head() method
of the Pandas dataframe containing the Titanic dataset.

Script 1:

import pandas as pd

titanic_data = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)

titanic_data.head()
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Output:

Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked

1 o 3 Braund, Mr. Owen Harris ~ male  22.0 1 o AB21171 7.2500  NaN 8
Cumings, Mrs. John Bradley (Florence Briggs Th female 320 PC 17599 712833 ces

Heikkinen, Miss. Laina female 26.0 0 STON/O2.3101282 7.9250 NaN

AW o oo oo
w w w O

2 1 1 1
3 1 3 0
4 1 1 Futrelle, Mrs. Jacques Heath (Lily May Peel) female 350 1 0 113803 53.1000 C123
5 L] 3 L]

Allen, Mr. William Henry male 35.0 0 373450 8.0500 NaN

The read_csv() method reads data from a CSV or TSV file and
stores it in a Pandas dataframe, which is a special object that
stores data in the form of rows and columns.

6.3. Filtering Rows

One of the most common tasks that you need to perform
while handling the Pandas dataframe is to filter rows based on
the column values.

To filter rows, first, you have to identify the indexes of the
rows to filter. For those indexes, you need to pass True to the
opening and closing square brackets that follow the Pandas
dataframe name.

The following script returns a series of True and False. True
will be returned for indexes where the Pclass column has a
value of 1.

Script 2:

titanic_pclassl= (titanic_data.Pclass == 1)
titanic_pclassl
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Output:

0 False
1 True
2 False
Bl True
4 False

886 False

887 True
888 False
889 True

890 False
Name: Pclass, Length: 891, dtype: bool

Now the titanic_pclassl series, which contains True or False,
can be passed inside the opening and closing square brackets
that follow the titanic_data dataframe. The result will be
the Titanic dataset, containing only those records where the
Pclass column contains 1.

Script 3:

titanic_pclassl= (titanic_data.Pclass == 1)
titanic_pclassl data = titanic_data[titanic_pclassi]
titanic_pclassl data.head()

Output:
Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
1 2 1 1 Cumings, Mrs. John Bradley (Florence Briggs Th... male 33.0 1 0 PC17599 71.2833 c8s C
3 4 1 1 Futrelle, Mrs. Jacques Heath (Lily May Peel) male 350 1 1] 113803 531000 C123 S
6 T (1] 1 McCarthy, Mr. Timothy J male 54.0 (1] a 17463 518625 E46 S
1 12 1 1 Bonnell, Miss. Elizabeth  male 53.0 0 Q 113783 26.5500 C102 E
23 24 1 1 Sloper, Mr. William Thompson male 28.0 0 0 113788  35.5000 AB S

The comparison between the column values and filtering of
rows can be made in a single line, as shown below.
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Script 4:

titanic_pclass_data = titanic_data[titanic_data.Pclass == 1]
titanic_pclass_data.head()

Output:
Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
1 2 1 1 Cumings, Mrs. John Bradley (Florence Briggs Th... male 38.0 1 0 PC17599 71.2833 C85 c
3 4 1 1 Futrelle, Mrs. Jacques Heath (Lily May Peel) male 35.0 1 Q 113803 53.1000 C123 S
6 7 1] 1 McCarthy, Mr. Timothy J male 54.0 1] a 17463 51.8625 E46 8
" 12 1 1 Bonnell, Miss. Elizabeth male 58.0 [ a 113783 265500 C103 S
23 24 1 1 Sloper, Mr. William Thompson male 23.0 [] Q 113788 35.5000 AB S

Another commonly used operator to filter rows is the isin
operator. The isin operator takes a list of values and returns
only those rows where the column used for comparison
contains values from the list passed to isin operator as a
parameter. For instance, the following script filters those rows
where age is in 20, 21, or 22.

Script 5:

ages = [20,21,22]
age_dataset = titanic_data[titanic_data[«Age»].isin(ages)]
age dataset.head()

Output:
Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
1] 1 0 Y Braund, Mr. Owen Harris  male 22.0 1 0 AB21M71 725 NaN S
12 13 0 3 Saundercock, Mr. Wiliam Henry male 20.0 1] 0 A5 2151 805 NaN ]
37 38 0 3 Cann, Mr. Emest Charles male 21.0 0 0 AJ5.2152 805 NaN S
51 52 Q 3 Mosworthy, Mr. Richard Cater male 21.0 Q 0 A4 39886 T80 MNaN S
56 57 1 2 Rugg, Miss. Emily male 21.0 1] 0 CA 31026 1050 MNaN S

You can filter rows in a Pandas dataframe based on multiple
conditions using logical and (&) and or (|) operators.
The following script returns those rows from the Pandas
dataframe where passenger class is 1 and passenger age is in
20, 21, and 22.
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Script 6:

ages = [20,21,22]

ageclass _dataset = titanic_data[titanic_data[«Age»].
isin(ages) & (titanic_data[«Pclass»] == 1) ]
ageclass_dataset.head()

Output:
Passengerlid Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
102 103 o 1 White, Mr. Richard Frasar male 21.0 o 1 35281  77.2875 D26 8
151 152 1 1 Pears, Mrs. Thomas (Edith Wearne] male 220 1 0 113776 66.8000 c2 s
356 357 1 1 Bowerman, Miss. Elsie Edith male 22.0 0 1 113505  55.0000 E33 ]
373 74 Q 1 Ringhini, Mr. Sante male 220 4 0 PCI7760 1356333  NaN C
539 540 1 1 Frelicher, Miss. Hedwig Margaritha male 22.0 ] 2 13588  49.5000 B39 B

6.4. Filtering Columns

To filter columns from a Pandas dataframe, you can use the
filter() method. The list of columns that you want to filter
is passed to the filter() method. The following script filters
Name, Sex, and Age columns from the Titanic dataset and
ignores all the other columns.

Script 7:

titanic_data_filter = titanic_data.filter([«Name», «Sex»,
«Age»])
titanic_data_filter.head()

The output below shows that the dataset now contains only
Name, Sex, and Age columns.
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Output:

Hame Sex Age

0 Braund, Mr. Owen Harris male 22.0

=y

Cumings. Mrs. John Bradley (Florence Briggs Th... female 33.0

2 Heikkinen, Miss. Laina female 26.0
3 Futrelle, Mrs. Jacgues Heath (Lily May Peel) female 35.0
4 Allen, Mr. William Henry male 35.0

In addition to filtering columns, you can also drop columns that
you don’t want in the dataset. To do so, you need to call the
drop() method and pass it the list of columns that you want
to drop. For instance, the following script drops the Name,
Age, and Sex columns from the Titanic dataset and returns the
remaining columns.

Script 8:

titanic_data_filter = titanic_data.drop([«Name», «Sex»,
«Age»], axis = 1)
titanic_data_filter.head()

Output:
Passengerld Survived Pclass SibSp Parch Ticket Fare Cabin Embarked
0 1 0 3 1 0 AB 21171 7.2500 MaM g
1 2 1 1 1 0 PC 17599 71.2833 Ca5 C
2 3 1 3 0 0 STONfO2.3101282 7.9250 MNaM S
3 4 1 1 1 0 113803 531000 C123 3
4 5 0 3 0 0 373450 8.0500 MaM g
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Further Readings - Pandas Filter [1]

To study more about the Pandas Filter method, please check
Pandas’ official documentation for the filter method. Try to
execute the filter method with a different set of attributes,
as mentioned in the official documentation.

6.5. Concatenating Dataframes

Often times, you need to concatenate or join multiple Pandas
dataframes horizontally or vertically. Let’s first see how to
concatenate or join Pandas dataframes vertically. We will first
create two Pandas dataframes using Titanic data. The first
dataframe contains rows where the passenger class is 1, while
the second dataframe contains rows where the passenger

class is 2.
Script 9:

titanic_pclassl data = titanic_data[titanic_data.Pclass == 1]
print(titanic_pclassl_data.shape)

titanic_pclass2 _data = titanic_data[titanic_data.Pclass == 2]
print(titanic_pclass2_data.shape)

Output:
(216, 12)
(184, 12)

The output shows that both the newly created dataframes
have 12 columns. It is important to mention that while
concatenating data vertically, both the dataframes should
have an equal number of columns.

There are two ways to concatenate datasets horizontally. You
can call the append() method via the first dataframe and pass


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.filter.html
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the second dataframe as a parameter to the append() method.
Look at the following script.

Script 10:

final _data = titanic_pclassl data.append(titanic_pclass2_
data, ignore_index=True)
print(final_data.shape)

Output:
(400, 12)

The output now shows that the total number of rows is 400,
which is the sum of the number of rows in the two dataframes
that we concatenated.

Further Readings - Pandas append [2]

To study more about the Pandas append method, please
check Pandas’ official documentation for the append
method. Try to execute the append method with a different
set of attributes, as mentioned in the official documentation.

The other way to concatenate two dataframes is by passing
both the dataframes as parameters to the concat() method
of the Pandas module. The following script shows how to do
that.

Script 11:

final data = pd.concat([titanic_pclassl data, titanic_
pclass2_data])
print(final_data.shape)

Output:
(400, 12)

To concatenate dataframes horizontally, make sure that the
dataframes have an equal number of rows. You can use the


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.append.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.append.html
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concat() method to concatenate dataframes horizontally, as
well. However, you will need to pass 1 as the value for the axis
attribute. Furthermore, to reset dataset indexes, you need to
pass True as the value for the ignore_index attribute.

Script 12:

dfl = final_data[:200]
print(dfl.shape)
df2 = final_data[200: ]
print(df2.shape)

final data2 = pd.concat([dfl, df2], axis = 1, ignore_index =
True)
print(final_data2.shape)

Output:

(200, 12)
(200, 12)
(400, 24)

Further Readings - Pandas concat [3]

To study more about the Pandas concat() method, please
check Pandas’ official documentation for the concat method.
Try to execute the concat method with a different set of
attributes, as mentioned in the official documentation.

6.6. Sorting Dataframes

To sort the Pandas dataframe, you can use the sort_values()
function of the Pandas dataframe. The list of columns used
for sorting needs to be passed to the by attribute of the
sort_values() method. The following script sorts the Titanic
dataset in by ascending order of the passenger’s age.


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.concat.html
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Script 13:

age sorted data = titanic_data.sort_values(by=[ ‘Age’])
age_sorted_data.head()

Output:
Passengerid Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
203 204 1 3 Thomas, Master. Assad Alexander male 0.42 0 1 2625 85167  NaN c
755 756 1 2 Hamalainen, Master. Vilio male 0.67 1 1 250849 14.5000 NaN S
544 645 1 EY Baclini, Miss. Eugenie male 0.75 2 1 2666 19.2583  NaN C
489 470 1 3 Baclini, Miss. Helene Barbara male 0.75 2 1 2666 19.2583 NaN C
73 79 1 2 Caldwell, Master. Alden Gates male 0.83 0 2 248738 29.0000  MNaN 3

To sort by descending order, you need to pass False as the value
for the ascending attribute of the sort_values() function. The
following script sorts the dataset by descending order of age.

Script 14:

age sorted _data = titanic_data.sort_values(by=[ ‘Age’],
ascending = False)
age_sorted_data.head()

Output:
Passengerid Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
630 631 1 1 Barlworth, Mr. Algernon Henry Wilson male 80.0 (V] 0 27042 30.0000 A23 S
251 252 Q 3 Svensson, Mr. Johan male 74.0 0 0 347060 77750  MaM s
493 494 0 1 Artagaveytia, Mr. Ramon male 71.0 0 0 PCA17609 495042 NaN C
96 97 Q 1 Goldschmidt, Mr. George B male  71.0 0 0 PC17754 348542 A5 C
116 17 0 3 Connors, Mr. Patrick male 70.5 0 0 370368 7.7500 MaM Q

You can also pass multiple columns to the by attribute of the
sort_values()function. In such a case, the dataset will be
sorted by the first column, and in case of equal values for
two or more records, the dataset will be sorted by the second
column and so on. The following script first sorts the data by
Age and then by Fare, both by descending orders.
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Script 15:

age sorted data = titanic_data.sort_
values(by=[ ‘Age’,’Fare’], ascending = False)
age_sorted_data.head()

Output:

Passengerid Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked

630 631 1 1 Barlworth, Mr. Algemon Henry Wilson male 80.0 0 0 27042 30.0000 A23 s

851 852 Svensson, Mr. Johan male 74.0 347060 77750 NaN

493 494 Artagaveytia, Mr. Ramon male 71.0 PC 17609 49.5042  NaN

96 97

2 0 o0 ®w

0
0
0 PCA17754 346542 A5
0

o o o o

3
1
1 Goldschmidt, Mr. George B male  71.0
3

o o o o

1186 17 Connors, Mr. Patrick male 705 370368 7.7500 Nal

Further Readings - Pandas sort_values [4]

To study more about the Pandas sort_values() method,
please check Pandas’ official documentation forsort
values() method. Try to execute the sort_values() method
with a different set of attributes, as mentioned in the official
documentation.

6.7. Apply Function

The apply() function is used to apply a function on multiple
rows or on rows of a particular column. A lambda expression
is passed to the apply() function. The lambda expression
basically specifies the operation performed by the apply()
function. For instance, in the following apply() function adds
2 to all the values in the Pclass column of the Titanic dataset.

Script 16:

updated_class = titanic_data.Pclass.apply(lambda x : x + 2)
updated class.head()

The output shows that all the values in the Pclass column have
been incremented by 2.


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.sort_values.html
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Output:
O 5

1 3

2 5

3 3

4 5

Name: Pclass, dtype: int64

In addition to a lambda expression, you can also pass a
concrete function to the apply() method. In the following
script, we define a mult() function, which multiplies the
parameter passed to it by 2 and returns the resultant value.
In the apply function, we simply pass the name of the mult()
method. All the values in the Pclass column will be multiplied
by 2 as shown in the output of the script 17.

Script 17:

def mult(x):
return x * 2

updated_class = titanic_data.Pclass.apply(mult)
updated_class.head()

Output:
O 6

1 2
2 6
3 2
4 6

Name: Pclass, dtype: int64
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Further Readings - Pandas apply [5]

To study more about the Pandas apply method, please check
Pandas’ official documentation for the apply method. Try to
execute the apply method with a different set of attributes,
as mentioned in the official documentation.

6.8. Pivot & Crosstab

You have already seen a Pivot operator in action in the last
chapter when we studied heat maps in Seaborn. Here, we will
briefly revise the pivot operation via the flights dataset. The
following script downloads the flights dataset.

Script 18:

import matplotlib.pyplot as plt
import seaborn as sns

flights_data = sns.load _dataset( ‘flights’)

flights_data.head()

Output:

year month passengers

0 1949  January 112
1 1949 February 118
2 1945 March 132
3 1945 April 129

4 1949 May 121


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.apply.html
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Script 19:

flights_data_pivot =flights_data.pivot_table(index=’month’,
columns="year’, values=’passengers’)
flights_data_pivot.head()

Output:

year 1949 1950 1951 1952 1953 1954 1055 1956 1957 1958 1959 1960

month

January 112 115 145 171 196 204 242 284 315 340 360 417
February 118 126 150 180 196 188 233 277 301 318 342 3M
March 132 141 178 193 236 235 267 317 366 362 406 419
April 128 135 163 181 235 227 269 313 348 343 386 461
May 121 125 172 183 229 234 270 318 355 363 420 472

The crosstab() function is used to plot the cross-tabulation
between two columns. Let’s plot a cross tab matrix between
passenger class and age columns for the Titanic dataset.

Script 20:

import pandas as pd

titanic_data = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)

titanic_data.head()

pd.crosstab(titanic_data.Pclass, titanic_data.Age,
margins=True)

Output:

Age 0.42 0.67 075 0.283 092 1.0 20 30 40 50 .. 63.0 640 650 66.0 70.0 70.5 71.0 740 3230.0 Al

Pclass

1 0 0 0 0 1 0 1 0 1 0 .. 1 2 2 0 1 0 2 0 1 186
2 0 1 0 2 0o 2 2 3 2 1 0 0 0 1 1 0 0 0 0 173
& 1 0 2 0 0 5 7 3 T 3 . 1 0 1 0 0 1 0 1 0 355
All 1 1 2 2 T 7 10 & 10 4 2 2 3 1 2 1 2 1 1 714

4 rows ¥ 89 columns
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6.9. Arithmetic Operations with Where

The where clause from the Numpy library can be used to
perform arithmetic operations on the Pandas dataframe. For
instance, in the following script, the where clause is used to
add 5 to the rows in the Fare column, where passengers’ ages
are greater than 20.

Script 21:

import numpy as np
titanic_data.Fare = np.where( titanic_data.Age > 20,
titanic_data.Fare +5 , titanic_data.Fare)

titanic_data.head()

Output:

Passengerld Survived Pclass Name  Sex Age SibSp Parch Ticket ~ Fare Cabin Embarked

1 0 3 Braund, Mr. Owen Harris ~ male 220 1 0 AB 21171 172500 NaN S
1 Cumings, Mrs. John Bradley (Florence Briggs Th... female 38.0 PC 17599 812333 C85

3 Heikkinen, Miss. Laina female 26.0 STON/02.3101282 17.9250  NaN

Bow o s o
w @ w0

1 [
(1] [}

Futrelle, Mrs. Jacques Heath (Lily May Peel) female 35.0 1 0 113803 831000 C123
0 [}

oo W om

1
3 Allen, Mr. William Henry ~ male  35.0 373450 18.0500  NaN

Hands-on Time - Exercise

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of the data analysis with
the Pandas library. The answers to these questions are given
at the end of the book.
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Exercise 6.1
Question 1

In order to horizontally concatenate two Pandas dataframe,
the value for the axis attribute should be set to:

A-0O
B-1
C-2
D- None of the above

Question 2

Which function is used to sort a Pandas dataframe by
column value?

A- sort_dataframe()
B- sort_rows()

C- sort_values()

D- sort_records()

Question 3

To filter columns from a Pandas dataframe, you have to pass
a list of column names to one of the following method:

A- filter()

B- filter_columns()

C- apply_filterQ

D- None of the above()

Exercise 6.2

Use the apply function to subtract 10 from the Fare column of
the Titanic dataset, without using lambda expression.
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J

Pandas for
Data Visualization

7.1. Introduction

In the previous chapter, you saw how to work with the Pandas
library for data analysis. You saw how to read CSV files into the
Pandas dataframe, and how to analyze data by performing a
variety of functions on the Pandas dataframe. In this chapter,
you will see how the Pandas library can be used to plot different
types of visualizations. As a matter of fact, the Pandas library
is probably the easiest library for data plotting, as you will see
in this chapter.

All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

It goes without saying that we will be using the Matplotlib
library.

The Numpy and Pandas libraries should also be installed
before this chapter.
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Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 7.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

7.2. Loading Datasets with Pandas

Before you can plot any visualization with the Pandas library,
you need to read data into a Pandas dataframe. The best way
to do so is via the read_csv() method. The following script
shows how to read the Titanic dataset into a dataframe named
titanic_data. You can give any name to the dataframe.

Script 1:

import pandas as pd

titanic_data = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)

titanic_data.head()

Output:

Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked

1 0 3 Braund, Mr. Owen Harris ~ male 22.0 1. 0 A521171 72500 NaN S
Cumings, Mrs. John Bradley (Florence Briggs Th... female 38.0 PC 17599 712833 C85
Heikkinen, Miss_ Laina female 260 STON/O2.3101282 79250  NaN

2 1 1 1 )
3 1 3 0 0
4 1 1 Futrelle, Mrs. Jacques Heath (Lily May Peel) female 35.0 1 ] 113803 53.1000 C123
5 0 3 0 a

R
n w o»w O

Allen, Mr. William Henry male 35.0 373450 80500 NaN

7.3. Plotting Histograms with Pandas

Let’s now see how to plot different types of plots with the
Pandas dataframe. The first plot we are going to plot is a
Histogram. There are multiple ways to plot a graph in Pandas.
The first way is to select the dataframe column by specifying
the name of the column in square brackets that follows the
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dataframe name and then append the plot name via dot
operator. The following script plots a histogram for the Age
column of the Titanic dataset using the hist() function. It is
important to mention that behind the scenes, the Pandas library
makes use of the Matplotlib plotting functions. Therefore, you
need to import the Matplotlib’s pyplot module before you
can plot Pandas visualizations.

Script 2:

import matplotlib.pyplot as plt
titanic_data[ ‘Age’].hist()

Output:

175
150

125

100
s
. -
- InEEEED
G S
0 10 F.1 0 40 50 0 70 &0

The other way to plot a graph via Pandas is by using the plot()
function. The type of plot you want to plot is passed to the
kind attribute of the plot() function. The following script uses
the plot() function to plot a histogram for the Age column of
the Titanic dataset.
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Script 3:

import matplotlib.pyplot as plt
titanic_data[ ‘Age’].plot(kind="hist”)

Output:

175
150

125

100
75
50
- NN
.-_
0 10 2 0 40 50 60 70 80

By default, a Pandas histogram divides the data into 10 bins.
You can increase or decrease the number of bins by passing
an integer value to the bins parameter. The following script
plots a histogram for the Age column of the Titanic dataset
with 20 bins.

Frequency

Script 4:

import matplotlib.pyplot as plt
import seaborn as sns
sns.set_style( ‘darkgrid’)
titanic_data[ ‘Age’ ].hist(bins = 20)
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Output:

100

(7 1]
0 IIII IIIIIl..
1] 10 X 0 40 50 a 70 a2

Finally, you can change the color of your histogram by

B

specifying the color name to the color attribute, as shown
below.

Script 5:

titanic_data[ ‘Age’].hist(bins = 20, color = ‘orange’) |

‘\||||||‘\||l||||IIIIIIIII..
20 0 40 0 @ 0 80

Output:

100

40
0 0
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Further Readings - Pandas Histogram [1]

To study more about the Pandas histogram, please check
Pandas’ official documentation for a histogram. Try to
execute the histogram method with a different set of
attributes, as mentioned in the official documentation.

7.4. Pandas Line Plots

To plot line plots via a Pandas dataframe, we will use the flights
dataset. The following script imports the flights dataset from
the built-in Seaborn library.

Script 6:

flights_data = sns.load _dataset( ‘flights’)

flights_data.head()

Output:

year month passengers

0 19458  January 112
1 1949 February . 118
2 1949 March 132
3 1949 April 129
4 1949 May 121

By default, the index serves as the x-axis. In the above script,
the left-most column, i.e., containing 0,1,2 ... is the index column.
To plot a line plot, you have to specify the column names for x
and y axes. If you specify only the column value for the y-axis,
the index is used as the x-axis. The following script plots a line
plot for the passengers column of the flights data.


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.hist.html
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Script 7:

flights_data.plot.line( y=’passengers’, figsize=(8,6)) |

Output:

——— passengers

0 20 40 @ 80 100 120 140

Similarly, you can change the color of the line plot via the color
attribute, as shown below.

Script 8:

flights_data.plot.line( y=’passengers’, figsize=(8,6), color
= ‘orange’)
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Output:

passengers

200

100

0 2 40 60 80 100 120 140

In the previous examples, we didn’t pass the column name for
the x-axis. Let’s see what happens when we specify the year
as the column name for the x-axis.

Script 9:

flights_data.plot.line(x =’year’, y=’passengers’,
figsize=(8,6), color = ‘orange’)
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Output:

passengers

1050 w52 - 58 1960
The output shows that for each year, we have multiple values.
This is because each year has 12 months. However, the overall
trend remains the same and the number of passengers
traveling by air increases as the years pass.

Further Readings - Pandas Line Plots [2]

To study more about Pandas line plots, please check Pandas’
official documentation for line plots. Try to execute the line()
method with a different set of attributes, as mentioned in
the official documentation.

7.5. Pandas Scatter Plots

To plot scatter plots with Pandas, the scatter() function is
used. The following script plots a scatter plot containing the
year on the x-axis, and the number of passengers on the y-axis.

Script 10:

flights_data.plot.scatter(x=’year’, y=’passengers’,
figsize=(8,6))



https://pandas.pydata.org/pandas-docs/version/0.23/generated/pandas.DataFrame.plot.line.html
https://pandas.pydata.org/pandas-docs/version/0.23/generated/pandas.DataFrame.plot.line.html
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Like a line plot and histogram, you can also change the color
of a scatter plot by passing the color name as the value for the
color attribute. Look at the following script.

Script 11:

flights_data.plot.scatter(x=’year’, y=’passengers’,
color="red’, figsize=(8,6))
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Further Readings - Pandas Scatter Plots [3]

To study more about Pandas scatter plots, please check
Pandas’ official documentation for scatter plots. Try
to execute the scatter() method with a different set of
attributes, as mentioned in the official documentation.

7.6. Pandas Bar Plots

To plot bar plots with Pandas, you need a list of categories
and a list of values. This list of categories and the list of values
must have the same length. Let’s plot a bar plot that shows
the average age of male and female passengers.

To do so, first, we need to calculate the mean age of both male
and female passengers traveling in the unfortunate Titanic
ship. The groupby() method of the Pandas dataframe can be


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.plot.scatter.html
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used to apply aggregate function with respect to categorical
columns. The following script returns the mean values for the
ages of male and female passengers for the Titanic ship.

Script 12:

titanic_data = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)

titanic_data.head()

sex_mean = titanic_data.groupby(«Sex»)[«Age»].mean()

print(sex_mean)
print(type(sex_mean.tolist()))

Output:

Sex

female 27.915709
male 30.726645

Name: Age, dtype: float64
<class ‘list’>

Next, we need to create a new Pandas dataframe with two
columns: Gender and Age. Then, we can simply use the bar()
method to plot a bar plot that displays the average ages of
male and female passengers for the Titanic ship.

Script 13:

df = pd.DataFrame({‘Gender’:[ ‘Female’, ‘Male’], €‘Age’:sex_
mean.tolist()})
ax = df.plot.bar(x=’Gender’, y=’Age’, figsize=(8,6))
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Output:

i

E]

Female
Male

Gender

You can also plot horizontal bar plots via the Pandas library.
To do so, you need to call the barh() function, as shown in the
following example.

Script 14:

df = pd.DataFrame({‘Gender’:[ ‘Female’, ‘Male’], €‘Age’:sex_
mean.tolist()})

ax = df.plot.barh(x=’Gender’, y=’Age’, figsize=(8,6))

Output:

Female

=)
o
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@
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b
“
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Finally, like all the other Pandas plots, you can change the color
of both vertical and horizontal bar plots by passing the color
name to the color attribute of the corresponding function.

Script 15:

df = pd.DataFrame({‘Gender’:[ ‘Female’, ‘Male’], ‘Age’:sex_
mean.tolist()})

ax = df.plot.barh(x=’Gender’, y=’Age’, figsize=(8,6), color
= ‘orange’)

Output:

Gender

Female

Further Readings - Pandas Bar Plots [4]

To study more about Pandas bar plots, please check Pandas’
official documentation for bar plots. Try to execute the bar
plot methods with a different set of attributes, as mentioned
in the official documentation.

7.7. Pandas Box Plots

To plot box plots via the Pandas library, you need to call the
box () function. The following script plots box plots for all the
numeric columns in the Titanic dataset.


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.plot.bar.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.plot.bar.html
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Script 16:

titanic_data = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)
titanic_data.plot.box(figsize=(10,8))

Output:
a0
a0
[+]
400
8
- ]
" ) S Eggg Ly - EJEQ
Passengerld Survived Pclass Age SbSp Parch Fare

Further Readings - Pandas Box Plots [5]

To study more about Pandas box plots, please check Pandas’
official documentation for box plots. Try to execute the box
plot methods with a different set of attributes, as mentioned
in the official documentation.

7.8. Pandas Hexagonal Plots

Hexagonal plots are used to plot the density of occurrence
of values for a specific column. The hexagonal plots will be
explained with the help of the tips dataset. The following
script loads the tips dataset from the Seaborn library and then


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.boxplot.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.boxplot.html
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plots a hexagonal plot that shows values from the total_bill
column on the x-axis and values from the tip column on the
y-axis.

Script 17:

tips_data = sns.load_dataset(‘tips’)

tips_data.plot.hexbin(x="total bill’, y="tip’, gridsize=20,
figsize=(8,6))

The output shows that most of the time, the tip is between
two and four dollars.

Output:

4 -z

As always, you can change the color of the hexagonal plot by
specifying the color name for the color attribute, as shown
below.



DAaTA VisuaLizATION WITH PYTHON FOR BEGINNERS | 187

Script 18:

tips_data.plot.hexbin(x="total_bill’, y="tip’, gridsize=20,
figsize=(8,6), color = ‘blue’)

Output:

Further Readings - Pandas Hexagonal Plots [6]

To study more about the Pandas hexagonal plots, please
check Pandas’ official documentation for hexagonal plots.
Try to execute the hexagonal plot methods with a different
set of attributes, as mentioned in the official documentation.

7.9. Pandas Kernel Density Plots

You can also plot Kernel Density Estimation plots with the
help of the Pandas kde() function. The following script plots a
KDE for the tip column of the tips dataset.

Script 19:

tips_data.plot.kde( y="tip’, figsize=(8,6), color = ‘blue’)|



https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.plot.hexbin.html
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Output:

030

025

00

To change the color of a KDE plot, all you have to do is pass
the color name to the color attribute of the kde() function, as
shown below.

Script 20:

tips_data.plot.kde( y=’total bill’, figsize=(8,6), color =
‘red’)

Output:

= 'otal_bill
Qo5

004

Density
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Further Readings - Pandas KDE Plots [7]

To study more about Pandas KDE plots, please check Pandas’
official documentation for KDE plots. Try to execute the kde
plot methods with a different set of attributes, as mentioned
in the official documentation.

7.10. Pandas for Time Series
Data Visualization

Pandas library also contains some useful methods that can
be used to visualize time series data. Time series data is a
type of data that is dependent on time and changes with time.
For instance, hourly temperature for a specific place changes
after every hour and is dependent upon time.

In this section, you will see how to plot time series data with
Pandas. You will work with Google Stock Price data from
7tJanuary 2015 to 7t January 2020. The dataset is available
in the resources folder by the name google_data.csv. The
following script reads the data into a Pandas dataframe.

Script 21:

google stock = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\google data.csv»)
google stock.head()

Output:

Date Open High Low Close AdjClose Volume

0 2015-01-06 513.589966 514.761719 499.6'{81 31 500.585632 500.585632 2899900
1 2015-01-07 505611847 505855164 498281952 499727997 499.727997 2065000
2015-01-08 496626526 502101471 489.655640 501.303680 501.303680 3353500
2015-01-09 503.377991 503.537537 493.435272 494.811493 494811493 2071300

L R

2015-01-12 493.584869 4946138011 486.225067 491.201416 491.201416 2326700


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.plot.kde.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.plot.kde.html
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If you look at the dataset header, the index column by default
is the left-most column. If we plot a line plot, the x-axis will use
the index column to plot a line plot. However, we want to plot
stock prices with respect to date. To do so, we first need to
set the date as the index column. The date column currently
contains dates in a string format.

We first need to convert values in the date column to date
format. We can use pd.to_datetime() function for that
purpose. Next, to set the Date column as the index column,
we can use the set_index() function, as shown below. Next,
we can simply use the line() function and pass the column
name to visualize the y parameter. The following script prints
the opening stock prices of Google stock over a period of five
years.

Script 22:

google stock[ ‘Date’] = google stock[ ‘Date’].apply(pd.to_
datetime)

google stock.set_index(‘Date’, inplace=True)

google stock.plot.line( y=’Open’, figsize=(12,8))

Output:

a0
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In the next two sections, we will see how to perform time
sampling and time shifting with time series data.

7.10.1. Time Sampling with Pandas

Time sampling refers to grouping data over a certain period
of time using an aggregate function such as min, max, count,
mean, etc. To do resampling, you have to use the resample()
function. The time frame is passed to the rule attribute of the
resample() function. Finally, you have to append the aggregate
function at the end of the resample() function. The following
script shows the average values for all the columns of Google
stock data, grouped by year. In the output, you can see five
rows since our data set contains five years of Google stock
prices. Here, we pass A as the value for the rule attribute,
which refers to yearly data.

Script 23:

google stock.resample(rule=’A’).mean()

Output:

Open High Low Close Adj Close Volume

Date

2015-12-31 602676217 608.091468 596.722047 602678382 602678382 2.071960e+06
2016-12-31  743.732459 749421629 737.597905 T743.486707 743.486707 1.832266e+06
2017-12-31 921121193 926.888963 915331412  921.780837 921.780837 1.476514e+06
2018-12-31  1113.554101  1125.777606 1101.001658 'i113.225134 1113225134  1.741965e+06
2019-12-31 1187.009821 1196.787599 1178.523734 1188.393057 1188.393057 1.414085e+06
2020-12-31 1346.470011 1379.046672 1345697998 1374.079997 1374.079997 1.441767e+06

Similarly, to plot the monthly mean values for all the columns
in the Google stock dataset, you will need to pass M as a value
for the rule attribute, as shown below.
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Script 24:

|google_stock.resample(rule=’M’).mean()

Output:
Open High Low Close Adj Close Volume

Date
2015-01-31  510.388728 515.352041 503.988300 510.248006 510.248006 2.595550e+06
2015-02-28 534448454 540111910 530943141 536.519088 536.519088 1.715495e+06
2015-03-31 558.825290 562.627577 554.057018 558.183871 558.183871 1.756709e+06
2015-04-30  539.966811  543.839108  535.114912 539304467  539.304467 2.017938e+06
2015-05-31 535470502 539.167248 530.856650 535238998 535238998 1.593295e+06
2019-09-30 1217.599005 1228.892249 1209628491 1220.839520 1220.839520 1.344970e+06
2019-10-31 1230.809995 1242.260774 1223.923043 1232.711744 1232711744 1.250361e+06
2019-11-30 1302.348492 1311.498956 1296.424707 1304.278992 1304.278992 1.246170e+06
2019-12-31 1340.861415 1348.178531 1334.039190 1340.867635 1340.867635 1.302719e+06
2020-01-31 1346470011 1379.046672 1345697998 1374.079997 1374.079997 1.441767e+06

61 rows x 6 columns

In addition to aggregate values for all the columns, you can
resample data with respect to a single column. For instance,

the following script prints the yearly mean values for the

opening stock prices of Google stock over a period of five

years.

Script 25:

google stock[ ‘Open’].resample( ‘A’).mean()




DaATAa VisuaLizaTioN WiTH PYTHON FOR BEGINNERS | 193

Output:

Date

2015-12-31 602.676217
2016-12-31 743.732459
2017-12-31 921.121193

2018-12-31 1113.554101
2019-12-31 1187.009821
2020-12-31 1346.470011
Freq: A-DEC, Name: Open, dtype: float64

The list of possible values for the rule attribute is given below:

B business day frequency

C custom business day frequency
(experimental)

D calendar day frequency

w weekly frequency

M month end frequency

SM semi-month end frequency
(15t and end of the month)

BM business month end frequency

CBM custom business month end frequency

MS month start frequency

SMS semi-month start frequency (15t and 15t™)

BMS business month start frequency

CBMS  custom business month start frequency

Q quarter end frequency

BQ business quarter end frequency

QS quarter start frequency

BQS business quarter start frequency

A year end frequency

BA business year end frequency

AS year start frequency

BAS business year start frequency
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BH business hour frequency
hourly frequency
minutely frequency
secondly frequency
milliseonds
microseconds
nanoseconds

Zlclrin|H|IT

You can also append plot functions with the resample()
function in order to plot the different types of plot based on
aggregate values. For instance, the following script plots a bar
plot for the opening stock price of Google over a period of
five years.

Script 26:

google stock[ ‘Open’].resample( ‘A’).mean().plot(kind=’bar’,
figsize=(8,6))

Output:

1400

1200
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800
600
400
200

0

00
00

2015-12-31 00:00:00
2016-12-31 00:00
2017-12-31 00:00:00
2018-12-31 00:00
2019-12-31 00:00:00
2020-12-31 00:00:00
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Similarly, here is the line plot for the yearly mean opening
stock prices for Google stock over a period of five years.

Script 27:

google stock[ ‘Open’ ].resample(‘A’).mean().plot(kind="1ine’,
figsize=(8,6))

Output:

1300
1200
1100

1000

Further Readings - Pandas Resample Method [8]

To study more about the Pandas time sampling functions
for time series data analysis, please check Pandas’ official
documentation for the resample function. Try to execute the
time resample() method with a different set of attributes, as
mentioned in the official documentation.

7.10.2. Time Shifting with Pandas

Time shifting refers to shifting rows forward or backward. To
shift rows forward, you can use the shift() function and pass


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.Series.resample.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.Series.resample.html
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it a positive value. For instance, the following script shifts
records three rows ahead and prints the header of the dataset.

Script 28:

google stock.shift(3).head()

Output:
Open High Low Close  AdjClose Volume

Date
2015-01-06 NaN NaN NaN NaN NaN NaN
2015-01-07 NaN NaN NaN NaN NaN NaN
2015-01-08 NaN NaN NaM NaM NaM NaN

2015-01-09 513.589966 514.761719 490678131 500.585632 500.585632 2829900.0
2015-01-12 505.611847 505855164 408.281952 490.727997 499.727997 2065000.0

You can see that the first three rows now contain null values,
while what previously was the first record has now been
shifted to the 4% row.

In the same way, you can shift rows backward. To do so, you
have to pass a negative value to the shift function.

Script 29:

google stock.shift(-3).tail()

Output:

Open High Low Close Adj Close Volume

Date

2019-12-30 1347.859985 13725 1345543945 1360.660034 1360660034 11586400.0
20198-12-31 1350.000000 1396.5 1350.000000 1394.209961 1394209961 1732300.0
2020-01-02 NaN NaN NaN NaN . NaN NaN
2020-01-03 NaN NaN NaN NaN NaN NaN
2020-01-08 NaN NaN NaN NaN NaN NaN
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Further Readings - Pandas Shift Method [9]

To study more about the Pandas time shifting functions
for time series data analysis, please check Pandas’ official
documentation for the shift() function. Try to execute the
time shift() method with a different set of attributes, as
mentioned in the official documentation.

Hands-on Time - Exercice

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of the data visualization
with the Pandas library. The answers to these questions are
given at the end of the book.

Exercise 7.1
Question 1

Which attribute is used to change the color of the Pandas
graph?

A- set_color()

B- define_color()

C- color()

D- None of the above

Question 2
Which Pandas function is used to plot a horizontal bar plot?

A- horz_bar()

B- barh()

C- bar_horizontal()
D- horizontal_bar()

Question 3

How to time shift Pandas dataframe five rows backward?


https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.shift.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.shift.html
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A - shift_back(5)

B - shift(5)
C - shift_behind(-5)
D - shift(-5)

Exercise 7.2

Display a bar plot using the Titanic dataset that displays the
average age of the passengers who survived vs. those who
did not survive.

References

1. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.DataFrame.hist.html

2. https://pandas.pydata.org/pandas-docs/version/0.23/
generated/pandas.DataFrame.plot.line.html

3. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.DataFrame.plot.scatter.html

4. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.DataFrame.plot.bar.html

5. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.DataFrame.boxplot.html

6. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.DataFrame.plot.hexbin.html

7. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.DataFrame.plot.kde.html

8. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.Series.resample.html

9. https://pandas.pydata.or andas-docs/stable/reference/api
pandas.DataFrame.shift.html
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3D Plotting with Matplotlib

In the second and third chapters of this book, you saw how
the Matplotlib library can be used to plot two-dimensional
(2D) plots. In fact, in all the previous chapters, you saw how
to plot 2D plots with different Python libraries. In this chapter,
you will briefly see how the Matplotlib library can be used to
plot 3D plots.

All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

It goes without saying that we will be using the Matplotlib
library.

The Numpy and Pandas libraries should also be installed
before this chapter.

Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 8.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.
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8.1. 3D Line Plot

The first 3D plot that we are going to plotis the line plot. To plot
a 3D plot, you do not need to install any external library as the
Matplotlib library provides support for plotting 3D plots. All
you have to do is import axes3d class from the mpl_toolkits.
mplot3d library. Next, you simply have to import the pyplot
module from Matplotlib. Also, make sure that you execute the
%matplotlib notebook command because that will plot your
3D plot inside the Jupyter notebook.

To actually plot a graph, you have to create a figure object.
Next, you add an axis to the figure object by calling the add_
subplot () method. Finally, to plot 3D plots, you pass the three
list of items to the plot() function of the axis object. The
following script plots a line plot for the x, vy, z lists that contain
random integers from 1 to 10.

Script 1:

from mpl_toolkits.mplot3d import axes3d
import matplotlib.pyplot as plt
%matplotlib notebook

figurel = plt.figure()
axisl = figurel.add_subplot( projection=’3d’)

[(1,7,6,3,2,4,9,8,1,9]
[41631)8)31719113234]
[6,4,9,2,7,8,1,3,4,9]

< X
1l

N
1}
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axisl.plot(x,y,z)

axisl.set_xlabel( ‘X-axis’)
axisl.set_ylabel( ‘Y-axis’)
axisl.set zlabel(‘Z-axis’)

plt.show()

Output:

I-—‘T\Jw.h.l;_nm_‘_lmm
Z-axis

In the previous section, we plotted a 3D plot with random
integers. Let’snow plota 3D line plot that shows the relationship
between the values in the total_bill, tip, and size columns

of the tips dataset.
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Script 2:

import seaborn as sns
plt.rcParams[«figure.figsize»] = [10,8]
tips_data = sns.load dataset(‘tips’)

tips_data.head()

Output:
total_hill tip sex smoker day time size
0 16.99 1.01 Female Mo Sun  Dinner 2
1 10.34 1.68 Male Mo Sun  Dinner 3
2 21.01 3.50 Male No  Sun  Dinner 3
3 23868 33 Male Mo Sun  Dinner 2
4 2459 361 Female No Sun  Dinner 4

The following script converts the values in the total bill,
tip, and size columns of the tips dataset into a list of values
that will be passed to the plot() function of the axis object.

Script 3:

bill = tips_data[ “total_bill’].tolist()
tip = tips_data[ “tip’].tolist()
size = tips_data[ ‘size’].tolist()

Finally, the following script plots a 3D line plot that shows the
relationship between the total_bill, tip, and size columns of
the tips dataset.
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Script 4:

from mpl_toolkits.mplot3d import axes3d
import matplotlib.pyplot as plt
%matplotlib notebook

figure2 = plt.figure()
axis2 = figure2.add_subplot( projection=’3d’)

axis2.plot(bill,tip,size)
axis2.set_xlabel(‘bill’)

axis2.set_ylabel(‘tip’)
axis2.set_zlabel(‘size’)

plt.show()

Output:

size

30
bill 40 2
50
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Further Readings - Matplotlib 3D Line Plot (1)

To study more about Matplotlib 3D line plot functions,
please check Matplotlib’s official documentation. Try to
execute the plot() method with a different set of attributes,
as mentioned in the official documentation.

8.2. 3D Scatter Plot

In the previous section, you saw how to plot a 3D line plot via
the plot() function of the axis object. To plot a scatter plot,
everything remains the same, except you use the scatter()
function. The following script plots a scatter plot that shows
the relationship between the total_bill, tip, and size
columns of the tips dataset.

Script 5:

from mpl_toolkits.mplot3d import axes3d
import matplotlib.pyplot as plt
%matplotlib notebook

figure2 = plt.figure()
axis2 = figure2.add_subplot( projection=’3d’)

axis2.scatter(bill,tip,size)
axis2.set_xlabel(‘bill’)

axis2.set_ylabel(‘tip’)
axis2.set_zlabel(‘size’)

plt.show()



https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#line-plots
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Output:

Further Readings - Matplotlib 3D Scatter Plot (2)

To study more about Matplotlib 3D scatter plot functions,
please check Matplotlib’s official documentation. Try
to execute the scatter () method with a different set of
attributes, as mentioned in the official documentation.

8.3. 3D Bar Plot

Finally, to plot a 3D bar plot, you have to use the bar3d function
of the axis object, as shown below. The following script plots
a bar plot displaying the relationship between the total bill
and tip columns of the tips dataset.


https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#line-plots
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Script 6:

from mpl_toolkits.mplot3d import axes3d
import matplotlib.pyplot as plt

import numpy as np

%matplotlib notebook

figure2 = plt.figure()
axis3 = figure2.add_subplot( projection=’3d’)

x3 =bill
y3 = tip
z3 = np.zeros(tips_data.shape[@])

dx = np.ones(tips_data.shape[@])

dy = np.ones(tips_data.shape[©@])

dz = bill

axis3.bar3d(x3, y3, z3, dx, dy, dz)
axis3.set xlabel(‘bill’)
axis3.set_ylabel( ‘tip’)

axis3.set_zlabel(‘size’)

plt.show()

Output:

size

bill 0 o 2 4 tp



DAaTA VisuaLizATION WITH PYTHON FOR BEGINNERS | 207

Further Readings - Matplotlib 3D Bar Plot (2)

To study more about Matplotlib 3D bar plot functions, please
check Matplotlib’s official documentation.

Further Readings - Matplotlib Remaining 3D Plots

To study more about Matplotlib 3D plot functions, please
check Matplotlib’s official documentation.

Hands-on Time - Exercice

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of 3D data plotting with
Matplotlib. The answers to these questions are given at the
end of the book.

Exercise 8.1

Plot a scatter plot that shows the distribution of pclass, age,
and fare columns from the Titanic dataset.

References
1.  https:/matplotlib.ora/mpl_toolkits/mplot3d/tutorial.htmli#line-
plots

2. https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.
html#scatter-plots

3. https:/matplotlib.ora/mpl_toolkits/mplot3d/tutorial.html#bar-
plots



https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#line-plots
https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html
https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#line-plots
https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#line-plots
https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#scatter-plots
https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#scatter-plots
https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#bar-plots
https://matplotlib.org/mpl_toolkits/mplot3d/tutorial.html#bar-plots
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Interactive Data Visualization
with Bokeh

In all the chapters till now, you have been plotting static
graphs. In this chapter and the next one, you will see how
to plot interactive graphs. Interactive graphs are the type of
graphs that show different information based on the actions
performed by the users. In this chapter, you will see how to
plot interactive plots with Python’s Bokeh library. In the next
chapter, you will see how to plot interactive plots with Plotly.

9.1. Installation

Use the pip installer to install the Bokeh library. To do so,
execute the following command on your command line.

$ pip install bokeh

All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

Needless to say, we will be using the Matplotlib library.

The Numpy and Pandas libraries should also be installed
before this chapter.
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Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 9.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

9.2. Line Plots

The first plot that we are going to plot using the Bokeh
library is the line plot that displays the number of passengers
traveling between 1949 and 1960. The following script imports
the dataset.

Script 1:

import pandas as pd
import numpy as np
%matplotlib inline
import seaborn as sns

flights_data = sns.load_dataset( ‘flights’)

flights_data.head()

Output:

year month passengers

0 1949  January 112
1 1949 February 118
2 1949  March 132
3 1949 April 129
4 1949 May 121
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Next, to plot a line plot, we have to first create an object of the
figure class. The following script imports the classes required
to plot the Bokeh plots.

Script 2:

from bokeh.plotting import figure, output_file, show

A bokeh plot is stored locally on your hard drive. To specify
the path where the plot will be stored, you need to call the
output_file() method and pass it the file location.

Script 3:

output_file( “‘E:/bokeh.html’)

Finally, to create a plot, you have to first create an object of
the figure() class. The figure() class is used to set the title, the
x and y labels, and the width and height of the plot. Execute
the following script to create a figure class object.

Script 4:

plot = figure(
title = ‘Years vs Passengers’,
x_axis_label =’Year’,
y_axis_label =’Passengers’,
plot width=600,
plot_height=400

)

Next, you need data sources that you will use to plot a graph.
We will be plotting the year against the number of passengers.

Script 5:

year = flights_data[ ‘year’]
passengers = flights_data[ ‘passengers’]
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Finally, to create a line plot, you have to pass the list of values
for the x- and y-axis to the 1line() function of the figure class
object. The 1line_width attribute here is used to set the width
of the line.

Script 6:

plot.line(year,passengers, legend=’Years vs Passengers’,
line width=2)

At this point in time, the plot has been created and saved.
However, to display the plot, you have to call the show()
method, as shown below.

Script 7:

|show(plot)

Once the above method is executed, you will see that an
interactive line plot will be populated inside your default
browser.

Output:
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Further Readings - Bokeh Line Plot (1)

To study more about Bokeh’s line plot functions, please
check Bokeh’s official documentation for line()function. Try
to execute the line() method with a different set of attributes,
as mentioned in the official documentation.

9.3. Bar Plots

To plot bar plots with Bokeh, you need a list of categorical
values for each bar plot and the corresponding numerical
values that will represent the height of the bar plot. The
following script returns all the month names in the flights data
along with the number of passengers traveling each month.

Script 8:

month_passengers = flights_data.groupby(«month»)
[«passengers»].mean()
print(month_passengers.index.tolist())
print(month_passengers.tolist())

Output:

[ “January’, €‘February’, ¢‘March’, €‘April’, ‘May’, ‘June’,
‘July’, €August’, €‘September’, ‘October’, ‘November’,
‘December’ ]

[241.75, 235.0, 270.1666666666667, 267.0833333333333,
271.8333333333333, 311.6666666666667, 351.3333333333333,
351.0833333333333, 302.4166666666667, 266.5833333333333,
232.83333333333334, 261.8333333333333]

The month_passengers variable is a series where the index
names correspond to the month names, and the corresponding
values represent the number of total passengers traveling that
month. Next, you need to create a figure() object and pass
the index names, i.e., the names of the month to the x_range
attribute.


https://docs.bokeh.org/en/latest/docs/reference/plotting.html#bokeh.plotting.figure.Figure.line
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Script 9:

plot2 = figure(
X_range = month_passengers.index.tolist(),
title = ‘Month vs Passengers’,
X_axis_label =’Month’,
y_axis_label =’Passengers’,
plot_height=400

)

Finally, you need to call the vbar() method to actually plot
a vertical bar plot. The first parameter should be the month
names, and the second parameter should be the numeric
values representing the number of passengers traveling during
that month.

Script 10:

plot2.vbar(x = month_passengers.index.tolist() , top =
month_passengers.tolist(), legend=’Months vs Passengers’,
width = 0.7)

show(plot2)

The output clearly shows that the highest number of
passengers traveled during the months of July and August.
The holiday season might be the reason behind the surge in
the number of passengers traveling during these months.
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Output:

Month vs Passengers
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Further Readings - Bokeh Vertical Bar Plot (2)

To study more about Bokeh’s vertical bar plot function,
please check Bokeh’s official documentation for the vbar(
plot. Try to execute the vbar() method with a different set of
attributes, as mentioned in the official documentation. For a
horizontal bar, you can execute the hbar() function.

9.4. Scatter Plots

To plot a scatter via Bokeh, you need to call the scatter()
function of the figure object. The following script plots a
scatter plot that shows years on the x-axis and the number of
passengers traveling in that year on the y-axis.


https://docs.bokeh.org/en/latest/docs/reference/plotting.html#bokeh.plotting.figure.Figure.vbar
https://docs.bokeh.org/en/latest/docs/reference/plotting.html#bokeh.plotting.figure.Figure.vbar
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Script 11:

plot3 = figure(
Xx_axis_label =’Year’,
plot_width=600,

plot_height=400
)

title = ‘Years vs Passengers’,

y_axis_label =’Passengers’,

Script 12:

year = flights_data[ ‘year’]

passengers = flights_data[ ‘passengers’ ]

Script 13:

Passengers’, line width=2)
show(plot3)

plot3.scatter(year,passengers, legend=’Years vs

Output:
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Let’s plot another scatter plot using the tips dataset. The
scatter plot shows the values from the total_bill column
on the x-axis and the tips on the y-axis. The following script
loads the tips dataset.

Script 14:

import seaborn as sns
tips_data = sns.load_dataset(‘tips’)

tips_data.head()

Output:
total_bill  tip sex smoker day time size
0 16.99 1.01 Female Mo Sun  Dinner 2
1 1034 166 Male Mo Sun  Dinner 3
2 21.01 350 Male ' Mo Sun  Dinner 3
3 2368 3.31 Male Mo  Sun  Dinner 2
4 2459 361 Female Mo Sun  Dinner 4

And the following script plots a scatter plot showing the
distribution of total_bill vs. tips.

Script 14:

plot4 = figure(
title = ‘Total Bill vs Tips’,
X_axis_label =’Totall Bill’,
y_axis_label =’Tips’,
plot_width=600,
plot_height=400
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Script 15:

total bill = tips_data[ “total bill’]
tips = tips_data[ ‘tip’]

Script 16:

plot4.scatter(total bill, tips, legend=’Total Bill vs Tip’,
line_width=2)
show(plot4)

Output:

Total Bill vs Tips
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Another way to plot a scatter plot is via the circle() function of
the figure object, as shown.

Script 17:

plot5 = figure(
title = ‘Total Bill vs Tips’,
X_axis_label =’Totall Bill’,
y_axis_label =’Tips’,
plot _width=600,
plot_height=400




DaTA VisuaLizAaTION WITH PYTHON FOR BEGINNERS | 219

The sizes of the circle points on a scatter plot can be controlled
by the radius attribute.

Script 18:
plot5.circle(total bill, tips, radius = 0.5)
show(plot5)
Output:
Tips
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In this chapter, you saw how to plot interactive plots via the
Bokeh library. In the next chapter, you will see how to plot
interactive plots via the Plotly library, which is yet another
useful library for interactive data plotting.

Further Readings - Bokeh Scatter Plot (3)

To study more about Bokeh’s scatter plot function, please
check Bokeh'’s official documentation for the circleQOplot.
Try to execute the circle () method with a different set of
attributes, as mentioned in the official documentation.



https://docs.bokeh.org/en/latest/docs/reference/plotting.html#bokeh.plotting.figure.Figure.circle
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Exercise 9.1
Question 1

Which object is used to set the width and height of a plot in
Bokeh?

A- figure()
B- width()
C- height()
D- None of the above

Question 2

Which attribute is used to set the width of the line in a line
plot in Bokeh?

A- line

B- width

C- line_width
D- length

Question 3

In the Bokeh library, the list of values used to plot bar plots is
passed to the following attribute of the bar plot:

A- values
B- legends
C-y

D- top

Exercise 9.2

Plot a bar plot using the Titanic dataset that displays the
average age of both male and female passengers.
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References
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Interactive Data
Visualization with Plotly

In the previous chapter, you saw how to plot interactive plots
with the Bokeh library. In this chapter, you will see how to
plot interactive plots with Python’s Plotly library. Plotly is an
interactive Python platform where the user can interact with
plots. An interactive plot is a plot that changes according to
the actions performed by a user such as a mouse hover, mouse
click, keyboard button presses, etc. Though Plotly is an online
platform, you can also plot Plotly graphs within the Jupyter
notebook.

All the scripts in this book have been executed via
the Jupyter notebook. Therefore, you should have the
Jupyter notebook installed.

Needless to say, we will be using the Matplotlib library.

The Numpy and Pandas libraries should also be installed
before this chapter.
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Hands-on Time - Source Codes

All IPython notebooks for the source code of all the scripts
in this chapter can be found in Resources/Chapter 10.ipynb.
| would suggest that you write all the code in this chapter
yourself and see if you can get the same output as mentioned
in this chapter.

10.1 Installation

To plot interactive plots with Plotly, you have to first download
the Plotly library using the following script.

$ pip install plotly

As | said earlier, Plotly is a web platform which plots different
types of interactive plots using Javascript inside your browser.
To plot Plotly graphs inside the Jupyter Notebook, you can
make use of Pandas plots. To do so, you will need to download
the Cufflinks library. The Cufflinks library basically connects
the Pandas library with Plotly, which helps you plot interactive
visualizations within the Jupyter notebook. Execute the
following script on your command terminal to download
Cufflinks:

$ pip install cufflinks

Before we plot with Plotly library, let’s first import the required
libraries:

import pandas as pd
import numpy as np
%matplotlib inline

Since we will be plotting Plotly graphs offline, we need to
import plotly.offline module, along with the other modules
required to plot Plotly graphs.
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from plotly.offline import download plotlyjs, init_notebook_
mode, plot, iplot

Finally, the following statement will make Plotly plots appear
in the Jupyter notebook.

init_notebook mode(connected=True)
import cufflinks as cf cf.go_offline()

10.2. Line Plot

Let’s now plot a simple line plot using Plotly. We will be using
the flights dataset to plot our first line plot. The following
script downloads the flights dataset.

Script 1:

flights_data = sns.load_dataset( ‘flights’)

flights_data.head()

Output:

year month passengers

0 1949  January 112
1 1949 February 15
2 1049 March 132
3 1049 April 128
4 1049 May 121

Let’s first plot a very simple line plot using Pandas only. To
do so, you need to select the column for which you want to
plot a static line plot and then call the “plot()” method. The
following script plots plot for the passengers columns of the
flights dataset.
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Script 2:

dataset_filter = flights_data[[«passengers»]]
dataset_filter.plot()

Output:

600 1 — Passengers

500 1

400 +

300 A

200 1
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T T T T T T T
) 20 40 G0 80 160 120 140

Now to plot aninteractive line plot, you have to call the iplot()
method on the Pandas dataframe as shown below.

Script 3:

dataset_filter.iplot()

Now, if you hover over the chart below in Jupyter notebook,
you can see the interactive features of the plots. The runtime
values of the passengers column.
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Output:
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Export to piot.ly »

Further Readings - Plotly Cufflink Line Plots[1]

To study more about the Plotly cufflinks line functions, please
check Cufflinks’ official documentation for the cufflinks line
plot functions. Try to execute the cufflinks iplot() method
with a different set of attributes, as mentioned in the official
documentation.

It is important to mention here that the output only contains
a screenshot. To actually interact with the plots, you can run
the plots from the Python Jupyter notebook for chapter 10 in
the resources.

10.3. Bar Plot

You can also plot interactive bar plots via Plotly. To do so, you
need to specify bar as the value for the kind attribute of the
iplot() function.

Script 4:

|ﬂights_data.iplot(kind=’bar’, x=[ ‘month’],y= ‘passengers’) |



https://plot.ly/python/v3/ipython-notebooks/cufflinks/#line-charts
https://plot.ly/python/v3/ipython-notebooks/cufflinks/#line-charts
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If you hover the mouse below, you will see the actual number
of passengers traveling in a specific month. The output shows
that the maximum number of passengers travel in the months
of July and August, probably due to vacation.

Output:
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Export to plotly »

To plot horizontal bar plots, you have to pass barh as the value
for the kind attribute of the iplot() function. Look at the
following example.

Script 5:

flights_data.iplot(kind="barh’, x=[‘month’],y= ‘passengers’)|

Output:
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Export to plotly »
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Further Readings - Plotly Cufflinks Bar Plots[2]

To study more about Plotly Cufflinks bar plot functions,
please check Cufflinks’ official documentation for the
Cufflinks bar plot function. Try to execute the cufflinks bar
plot method with a different set of attributes, as mentioned
in the official documentation.

10.4. Scatter Plot

To plot a scatter plot via the iplot() function, you have to
pass scatter as the value to the kind attribute of the iplot()
function. In addition, you have to set the value of the mode
attribute to markers. The following script plots a scatter plot
of the number of passengers traveling each month using the
flights dataset.

Script 6:

flights_data.iplot(kind=’scatter’, x= ‘month’, y=
‘passengers’, mode= ‘markers’)

Output:
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Export to ploty »

Let’s plot a scatter plot using the tips dataset. The following
script imports the tips dataset from the Seaborn library.


https://plot.ly/python/v3/ipython-notebooks/cufflinks/#bar-charts
https://plot.ly/python/v3/ipython-notebooks/cufflinks/#bar-charts
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Script 7:

import seaborn as sns

tips_data = sns.load_dataset(‘tips’)

tips_data.head()

Output:
total_bill tip sex smoker day time size
0 16.99 1.01 Female Mo Sun  Dinner 2
1 1034 168 Male Mo Sun  Dinner 3
2 21.01 3.50 Male Mo  Sun  Dinmer 3
3 2365 3.3 Male Mo Sun  Dinner 2
4 2459 381 Female Mo  Sun  Dinnmer 4

The following script plots Plotly scatter plot, which shows
values in the total_bill column on the x-axis and values for
the tip column on the y-axis.

Script 8:

tips_data.iplot(kind=’scatter’, x="total bill’, y="tip’,
mode=’markers’, color = ‘blue’)

The output shows that with the increase in the total bill, the
corresponding tip also increases.
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Output:
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Export to plotly »

Further Readings - Plotly Cufflinks Scatter Plots [3]

To study more about Plotly Cufflinks scatter plot functions,
please check Cufflinks’ official documentation for the
Cufflinks scatter plot functions. Try to execute the cufflinks
scatter plot method with a different set of attributes, as
mentioned in the official documentation.

10.5. Box Plot

In the previous chapters, you saw how to plot box plots with
the Pandas and Seaborn libraries. You can also plot box plots
via the Plotly and Cufflinks libraries. The following script plots
the box plot for the numeric columns of the tips dataset.

Script 9:

tips_data.iplot(kind="box”)



https://plot.ly/python/v3/ipython-notebooks/cufflinks/#scatter-plot
https://plot.ly/python/v3/ipython-notebooks/cufflinks/#scatter-plot
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Output:
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Export to plot.ly »

Further Readings - Plotly Cufflinks Box Plots [4]

To study more about Plotly Cufflinks box plot functions,
please check Cufflinks’ official documentation for the
cufflinks box plot functions. Try to execute the cufflinks box
plot method with a different set of attributes, as mentioned
in the official documentation.

10.6. Histogram

Histograms show the distribution of values in a numeric
column. Let’s plot the histogram for the age column of the
Titanic dataset. To do so, you first need to import the Titanic
dataset using the following script.

Script 10:

titanic_data = pd.read csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)
titanic_data.head()



https://plot.ly/python/v3/ipython-notebooks/cufflinks/#scatter-plot
https://plot.ly/python/v3/ipython-notebooks/cufflinks/#scatter-plot
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Output:
Passengerid Survived Pclass Name  Sex Age SibSp Parch Ticket Fare Cabin Embarked
0 1 1] 3 Braund, Mr. Owen Harris male 22.0 1 0 AB 21171 7.2500 NaN S
1 2 1 1 Cumings, Mrs. John Bradley (Florence Briggs Th... female 38.0 1 0 PC 17599 71.2833 c85 c
2 3 1 3 Heikkinen, Miss. Laina female 26.0 0 0 STON/O2 3101282 79250 NaN 5
3 4 1 1 Futrelle, Mrs. Jacques Heath (Lily May Peel) female 350 1 0 113803 53.1000 C123 5
4 5 (] 3 Allen, Mr. William Henry male 35.0 (] 0 373450 80500 NaM E

Now to plot an interactive histogram via Plotly and Cufflinks,
pass hist as a value to the kind attribute of the iplot()
function.

Script 11:

titanic_data[ ‘Age’ ].iplot(kind="hist’,bins=25)

Output:
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Export to ploty »

Further Readings - Plotly Cufflinks Histograms [5]

To study more about Plotly Cufflinks histogram functions,
please check Cufflinks’ official documentation for the
cufflinks histogram functions. Try to execute the cufflinks
histogram method with a different set of attributes, as
mentioned in the official documentation.



https://plot.ly/python/v3/ipython-notebooks/cufflinks/#histograms
https://plot.ly/python/v3/ipython-notebooks/cufflinks/#histograms
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Hands-on Time - Exercice

Now, it is your turn. Follow the instructions in the exercises
below to check your understanding of the data visualization
with the Pandas library. The answers to these questions are
given at the end of the book.

Exercise 10.1

Question 1

Which top-level function is used to plot interactive plots with
Plotly using Cufflinks?

A- plot()
B- iplot()
C- draw(Q0O
D- idraw()

Question 2

To plot a scatter plot with Plotly using Cufflinks, the value
of __ attribute should be set to :

A- shape, markers
B- shape, scatter
C- mode, marker
D- mode, scatter
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Question 3

To plot a histogram with Plotly and Cufflinks, the kind
attribute of the iplot() function should be set to:

A- histogram()

B- histo()

C- hist()

D- none of the above

Answer: C

Exercise 10.2

Plot an interactive histogram for the PClass column of the
Titanic dataset.
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plot

4. https://plot.ly/python/v3/ipython-notebooks/cufflinks/#box-
plots

5. https://plot.ly/python/v3/ipython-notebooks
cufflinks/#histograms
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Hands-on Project

In this section, you will see how to visualize a dataset from
scratch. The dataset that we are going to Analyze is available
in a CSV file named customer_churn.csv in the resources
folder.

It is important to mention that a dataset can be visualized
in different ways, and it mainly depends upon the task that
you want to perform after visualizing the data. The following
section explains the dataset we have and the task that we
want to perform after the visualization.

The dataset can be explained by best looking at it. The
following script reads the CSV file and stores the dataset in a
Pandas dataframe.

Script 1:

titanic_data = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)
titanic_data.head()
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Output:

Customerld Surname CreditScore Geography Gender Age Tenure Balance NumOfProducts HasCrCard IsActiveMember EstimatedSalary Exited

15634602 Hargrave 619 France Female 42 2 0.00 1 1 1 101348.88 1
15847311 Hil £03 Spain Female 41 1 8380786 1 0 1 112542.58 0
15619304 Onio 502 France Female 42 8 159660.80 3 1 0 113931.57 1
15701354 Boni 699 France Female 39 1 0.00 2 0 0 93826.63 0
15737888 Mitchell 850 Spain  Female 43 2 125510.82 1 1 1 79084.10 0

Another way to view all the columns in the dataset is by using
the columns attribute of the Pandas dataframe, as shown
below.

Script 2:

data_columns = customer_churn.columns.values.tolist()
print(data_columns)

Output:

[ ‘RowNumber’, €¢CustomerId’, €‘Surname’, ‘CreditScore’,
‘Geography’, €‘Gender’, €‘Age’, ‘Tenure’, ‘Balance’,
‘NumOfProducts’, ‘HasCrCard’, €‘IsActiveMember’,
‘EstimatedSalary’, ‘Exited’]

The dataset has 14 columns. The dataset basically refers to
bank customers’ information. The first 13 columns contain
customers’ personal information while the data in the 14t
column, i.e., Exited, was recorded six months after the data for
the first 13 columns was recorded. The dataset tells that based
on the information in the first 13 columns, whether a customer
left the bank after six months or not. If a customer left the
bank, a 1 was added in the Exited column, else a O was added.

We assume that the task here is to predict whether or not a
new customer will leave the bank after 6 months, based on the
information available in the first 13 columns.
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The very first step in data visualization is to identify which
data is actually important. In the case of our data, the columns
RowNumber, Customerld, and Surname are random and not
important since they have no role in deciding whether a bank
customer will leave the bank or not.

As a first data visualization step, try to plot a pair plot.

Script 3:

|sns.pairplot(data=customer_churn)

Output:

<seaborn.axisgrid.PairGrid at 8x1b4500f0488>

A pair plot can give you high-level information about the
relation between different columns. It is important to mention
that you should have knowledge of all the important data
visualization libraries and should be able to decide which
library to use in order to plot your desired plot.

Also, depending upon your screen, you should increase or
decrease your default plot size.
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Script 4:

|plt.rcParams[«ﬁgure.ﬁgsize»] = [10,8]

After pair plot, you are free to choose whichever plot you want
to plot depending upon the task. Let’s see if gender plays any
role in customer churn. You can plot the bar chart for that, as
shown below.

Script 5:

sns.barplot(x=’Gender’, y=’Exited’, data=customer_churn) |

Output:

025

020

015

Exited

010

0.05 4

0.00 -

Female Male
Gender

The output shows that 25 percent of the women left the bank
compared to 15 percent of the men, which means that women
are more likely to leave the bank than men.

| would suggest that you plot a bar plot to see if Geography
has any impact on customer churn.
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Let’s now plot a histogram for the Age column of our dataset.

Script 6:

plt.title( ‘Age Histogram’)
plt.hist(customer_churn[«Age»])

Output:

Age Histogram

3500 1

The output shows that most of our customers are aged
between 25 to 50 years.

Let’s plot a scatter plot to see if a customer’s Age and Salary
has any correlation.

Script 7:

plt.scatter(customer_churn[«Age»], customer_
churn[«EstimatedSalary»], c = ‘g’)
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The output indicates that there is no significant correlation
between a customer’s age and estimated salary. Even a person
as young as 20 earns 200k a month.

Output:

200000 A

175000 4

150000 4

125000

100000 1

75000 A

50000 4

25000

Let’'s now plot a pie chart that shows the geographical
distribution of customers in our dataset.

Script 8:

countries = customer_churn[«Geography»].value_ counts()

labels = countries.index.values.tolist()
values = countries.values.tolist()
explode = (0.05, 0.05, 0.05)

plt.pie(values, explode=explode, labels=labels,
autopct="%1.1f%%’, shadow=True, startangle=140)
plt.show()
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Output:

Spain

Garmany

France

The output shows that 50 percent of the customers are from
France, while around 25 percent belong to Germany and Spain
each.

Let’s plot a box plot showing the percentile of age for the
passengers who left the bank and for those who didn’t leave
the bank with respect to gender.

Script 9:

sns.boxplot(x="Exited’, y=’Age’, hue =
‘Gender’ ,data=customer_churn)

The output shows that the average age of the customers who
left the bank is slightly higher than those who didn’t leave the
bank.
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Output:

Gender
50 B Female
+ mm Male

20 E—

Exited

You can plot the same information via a violin plot.

Script 10:

sns.violinplot(x="Exited’, y=’Age’, hue =
‘Gender’ ,data=customer_churn)

Output:

Gender

By

m Female
[ Male
80
60
40
20
T T
n 1
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Furthermore, you can find correlation between numeric
columns by plotting a heat map as shown below:

Script 11:

corr_values = customer_churn.corr()
sns.heatmap(corr_values, annot= True)

Output:

RowMumber 1 - 100

Customerld 00053 Q0005 0015 L2 0017 0014 00017 -0.0062

CreditScore [ . Rl 012 00 0.027 -075
(=Rl 000078 00095 -0.004 001 0028 -0.031

Tenure [RUACIETEETEY 084
Balance QUSRI
NumCfProducts [ 0031 0013 0.3 0 0006 0048

HasCrCard 000G 055 0023 0 L0012 0.0090 0.0071

kbActiveMember 00017 Q026 0085 D028 001 Q0006 D012 4011 D18
=TINCIERCEIEU 0006 0015 00014 00072 00078 0013 0014 00098 0011 ooz

Exited

FowMumber g
Customerid
CreditScore N
Age o

Tenure
Balance B
MumOfProducts .
HasCrCard
kActiveMember .
EstimatedSalary .'
Exited

Interactive plots reveal a lot of runtime information. If you are
interested in runtime information, | would suggest that you
plot aninteractive plot. The following script plots an interactive
bar plot for gender and age columns of our dataset using the
Plotly library.
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Script 12:

import pandas as pd
import numpy as np
%matplotlib inline

from plotly.offline import download_plotlyjs, init_notebook_
mode, plot, iplot

init_notebook mode(connected=True)

import cufflinks as cf

cf.go_offline()

customer_churn.iplot(kind="bar’, x=[‘Gender’],y= ‘Age’)

Output:

200k

150k

100k

50k

Female Male



Exercise Solutions

§ Exercise 1.1

Question 1

Which iteration should be used when you want to repeatedly
execute a code a specific number of times?

A- For Loop

B- While Loop

C- Both A and B

D- None of the above

Answer: A
Question 2

What is the maximum number of values that a function can
return in Python?

A- Single Value

B- Double Value

C- More than two values
D- None

Answer: C
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Question 3

Which of the following membership operators are supported
by Python?

A-1In

B- Out

C- Not In

D- Both Aand C

Answer: D

§ Exercise 1.2

Print the table of integer for 9 using a while loop.

Solution

j=1

while j< 11:
print(«9 x «+str(j)+ « = «+ str(9*j))
j=j+1

Output:

O O U VU VOV VOV VU V vV LV
X X X X X X X X X X
O 00 N O VT W N R
1l
&
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§ Exercise 2.1

Question 1

Which is the one parameter that you must specify in order to
make a scatter plot in Matplotlib?

A- color

B- ¢

C-r

D- None of the above
Answer: C

Question 2

To create a legend, the value for which of the following
parameter needs to be specified?

A- title

B- label

C- axis

D- All of the above

Answer: B
Question 3
How are percentage values shown on a matplotlib pie chart?

A - autopct = ‘%11 %%’

B - percentage = ‘%1.1f%%’
C - perc = “%11f%%’

D - None of the Above

Answer: A
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§ EXxercise 2.2

Create a pie chart that shows the distribution of passengers
with respect to their gender, in the unfortunate Titanic ship.
You can use the Titanic dataset for that purpose.

Solution:

import pandas as pd

data = pd.read_csv(r’E:\Data Visualization with Python\
Datasets\titanic_data.csv”)

data.head()

sex= data[“Sex”].value_counts()
print(sex)

labels = sex.index.values.tolist()
values = sex.values.tolist()
explode = (0.05, 0.05)

plt.pie(values, explode=explode, labels=labels,
autopct="%11f%%’, shadow=True, startangle=140)
plt.show()

Output:

female
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§ Exercise 3.1
Question 1
Which plot function will you use to plot a graph in the 5"

cell of a plot multiple plot figure with four rows and two
columns?

A- plt.subplot(5,4,2)
B- plt.subplot(2,4,5)
C- plt.subplot(4,2,5)
D- None of the Above

Answer: C
Question 2

How will you create a subplot with five rows and three
columns using the subplots() function?

A- plt.subplots(nrows=5, ncols=3)
B- plt.subplots(5,3)

C- plt.subplots(rows=5, cols=3)
D- All of the Above

Answer: A
Question 3
Which function is used to save a graph?

A- figure.saveimage()
B- figure.savegraph()
C- figure.saveplot()
D- figure.savefig()

Answer: D
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§ Exercise 3.2

Draw multiple plots with three rows and one column. Show
the sine of any 30 integers in the first plot, the cosine of the
same 30 integers in the second plot, and the tangent of the
same 30 integers in the third plot.

Solution:

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

plt.rcParams[“figure.figsize”] = [12,8]

x_vals = np.linspace(0O, 30, 30)
y1_vals = [math.sin(i) for i in x_vals]
y2_ vals = [math.cos(i) foriin x_vals]
y3_vals = [math.tan(i) foriin x_vals]

plt.subplot(3,1,1)
plt.plot(x_vals, y1_vals, ‘bo-")

plt.subplot(3,1,2)
plt.plot(x_vals, y2_vals, ‘rx-")

plt.subplot(3,1,3)
plt.plot(x_vals, y3_vals, ‘g*-")
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Output:
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§ Exercise 4.1

Question 1

Which plot is used to plot multiple joint plots for all the
combinations of numeric and Boolean columns in a dataset?

A- Joint Plot
B- Pair Plot

C- Dist Plot

D- Scatter Plot

Answer: B
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Question 2
Which function is used to plot multiple bar plots?

A- barplot()
B- jointplot()
C- catplot()
D- mulplot()
Answer: C
Question 3

Which attribute is used to set the default type of a joint plot?

A- kind
B- type
C- hue
D- col

Answer: A

§ Exercise 4.2

Plot a swarm violin plot using the Titanic data that
displays the fare paid by male and female passengers.
Further, categorize the plot by passengers who survived and
by those who didn’t.

Solution:

sns.swarmplot(x=’sex’, y=’fare’,
hue=’survived’ ,data=titanic_data, split = True)
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Output:
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1 e i
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§ Exercise 5.1

Question 1

Which Seaborn function allows you to plot a graph that can
be printed as a poster?

A- set_style (‘darkgrid’)

B- set_style (‘whitegrid’)

C- set_style (‘poster’)

D- set_context (‘poster’)

Answer: D
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Question 2

Which function can be used to find the correlation between
all the numeric columns of a Pandas dataframe?

A- correlation()

B- corr()

C- heatmap(

D- none of the above

Answer: B
Question 3
Which function is used to annotate a heat map?

A- annotate()
B- annot()

C- mark(

D- display()

Answer: B

§ Exercise 5.2

Plot two scatter plots on the same graph using the tips_
dataset. In the first scatter plot, display values from the
total_bill column on the x-axis and from the tip column on the
y-axis. The color of the first scatter plot should be green. In the
second scatter plot, display values from the total_bill column
on the x-axis and from the size column on the y-axis. The color
of the second scatter plot should be blue, and the markers
should be x.
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Solution:

sns.scatterplot(x=»total bill», y=»tip», data=tips_data,
color = ‘g’)

sns.scatterplot(x=»total bill», y=»size», data=tips_data,
color = ‘b’, marker = ‘x’)

Output:
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§ EXxercise 6.1

Question 1

In order to horizontally concatenate two Pandas dataframes,
the value for the axis attribute should be set to:

A- O

B-1

C-2

D- None of the above

Answer: B

Question 2

Which function is used to sort a Pandas dataframe by a
column value?

A- sort_dataframe()
B- sort_rows()

C- sort_values()

D- sort_records()

Answer: C
Question 3

To filter the columns from a Pandas dataframe, you have to
pass a list of column names to one of the following method:

A- filter(Q

B- filter_columns()

C- apply_filter O

D- None of the above()

Answer: A
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§ Exercise 6.2

Use the apply function to subtract 10 from the Fare column of
the Titanic dataset, without using lamlbda expression.

Solution:

def subt(x):
return x - 10

updated class = titanic_data.Fare.apply(subt)
updated_class.head()

Output:

2.2500
66.2833
2.9250
48.1000
3.0500
Name: Fare, dtype: float64

A W NNEPEO

§ Exercise 7.1

Question 1

Which attribute is used to change the color of a Pandas
graph?

A- set_color()

B- define_color()

C- color()

D- None of the above

Answer: C
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Question 2
Which Pandas function is used to plot a horizontal bar plot?

A- horz_bar()

B- barh()

C- bar_horizontal()
D- horizontal_bar()

Answer: B
Question 3
How to time shift a Pandas dataframe five rows back?

A - shift_back(5)

B - shift(5)

¢ - shift_behind(-5)
D - shift(-5)

Answer: D

§ Exercise 7.2

Display a bar plot using the Titanic dataset that displays the
average age of the passengers who survived vs. those who
did not survive.

Solution:

titanic_data = pd.read csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)

titanic_data.head()

surv_mean = titanic_data.groupby(«Survived»)[«Age»].mean()

df = pd.DataFrame({‘Survived’:[‘No’, ‘Yes’], €‘Age’:surv_
mean.tolist()})
ax = df.plot.bar(x=’Survived’, y=’Age’, figsize=(8,6))
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Output:

Survived
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§ Exercise 8.1

Plot a scatter plot that shows the distribution of pclass, age,
and fare columns from the Titanic dataset.

Solution:

import matplotlib.pyplot as plt
import seaborn as sns

plt.rcParams[«figure.figsize»] = [8,6]
sns.set_style(«darkgrid»)

titanic_data = sns.load _dataset(‘titanic’)
pclass = titanic_data[ ‘pclass’].tolist()

age = titanic_data[ ‘age’].tolist()

fare = titanic_data[ “fare’].tolist()

figured4 = plt.figure()

axis4 = figure4.add_subplot( projection=’3d’)
axis4.scatter(bill,tip,size)

axis4.set xlabel(‘pclass’)

axis4.set_ylabel( ‘age’)
axis4.set_zlabel( ‘fare’)

plt.show()
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§ Exercise 9.1

Question 1

Which object is used to set the width and height of a plot in
Bokeh?

A- figure()

B- width()

C- height()
D- None of the above

Answer: A
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Question 2

Which attribute is used to set the width of the line in a line
plot in Bokeh?

A- line

B- width

C- line_width

D- length

Answer: C

Question 3

In the Bokeh library, the list of values used to plot bar plots is
passed to the following attribute of the bar plot:

A- values
B- legends
C-y

D- top

Answer: D

§ Exercise 9.2

Plot a bar plot using the Titanic dataset that displays the
average age of both male and female passengers.
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Solution:

titanic_data = pd.read_csv(r”E:\Data Visualization with
Python\Datasets\titanic_data.csv”)

titanic_data = pd.read_csv(r”E:\Data Visualization with
Python\Datasets\titanic_data.csv”)

sex_mean = titanic_data.groupby(“Sex”)[“Age”].mean()

plotx = figure(
X_range = sex_mean.index.tolist(),
title = ‘Sex vs Age’,
X_axis_label =’Sex’,
y_axis_label =’Age’,
plot_height=400

plotx.vbar(x = sex_mean.index.tolist() , top = sex_mean.
tolist(), legend=’Sex vs Age’, width = 0.7)
show(plotx)

Output:

Sex vs Age
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§ Exercise 10.1

Question 1

Which top-level function is used to plot interactive plots with
Plotly using Cufflinks?

A- plot()
B- iplot()
C- draw(0O
D- idraw()
Answer: B

Question 2

To plot a scatter plot with Plotly using Cufflinks, the value
of __ attribute should be set to .

A- shape, markers
B- shape, scatter
C- mode, marker
D- mode, scatter

Answer: C
Question 3

To plot a histogram with Plotly and Cufflinks, the kind
attribute of the iplot() function should be set to:

A- histogram()

B- histo()

C- histQ)

D- none of the above

Answer: C
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§ Exercise 10.2

Plot an interactive histogram for the PClass column of the
Titanic dataset.

Solution:

titanic_data = pd.read_csv(r»E:\Data Visualization with
Python\Datasets\titanic_data.csv»)

titanic_data[ ‘Pclass’].iplot(kind="hist”’)

Output:

3.5

Export to plot.ly »
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