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Preface

Python [1] is a powerful and versatile programming language that has found widespread adop-
tion in numerous scientific disciplines, including the research laboratory. Its simplicity, readability,
and extensive libraries make it an invaluable tool for scientists and researchers who need to pro-
cess data, conduct data analysis, visualize results, and automate routine tasks. In the context of
research laboratories, Python’s user-friendly nature, coupled with its vast ecosystem of scientific
libraries and tools, can transform the way experiments are automated as well as the way data is
collected and analyzed.

Python’s appeal lies in the fact that it is at once both accessible to novice programmers and suf-
ficiently powerful for experienced programmers. It boasts a straightforward syntax that minimizes
the learning curve, enabling researchers to quickly grasp the essentials of programming and apply
them to their specific scientific endeavors. Furthermore, its open-source nature ensures that a
vibrant community continuously enhances and extends its capabilities, offering an ever-evolving
set of tools tailored to the needs of a broad and diverse community.

We do not assume that the reader has prior knowledge of Python programming. Early chapters
of this book provide a thorough introduction to the aspects of Python programming that are criti-
cal to its application by researchers, especially in a research laboratory setting. That said, we do not
intend to cover Python programming in its entirety. Our focus is on helping researchers streamline
their laboratory operations, including experimental data collection, analysis, and reporting.

We survey the broad variety of ways in which Python may be used in a research laboratory. We
delve into the various aspects of Python that make it an ideal choice for scientists and researchers.
We examine its key features, its role in automation, data collection, data analysis, visualization,
and scientific computing, and how it can be integrated seamlessly into laboratory workflows.
Additionally, we explore some real-world examples of Python’s application in research settings,
demonstrating its potential to streamline processes, improve productivity, and foster innovation.

Throughout the book, we develop numerous Python programs to solve real practical problems
faced by research scientists. All source code may be downloaded from the book’s GitHub reposi-
tory at https://github.com/russomf/syrlwp. All corrections and updates will be found there as well.

Whether you are a biologist analyzing genetic data, a chemist scouting synthesis routes, an engi-
neer optimizing machine parameters, or a social scientist studying human behavior, Python has
the flexibility and adaptability to be a powerful and indispensable tool in your research toolkit.
Join us on a journey into the world of Python programming for research laboratories. You will gain
insights into how this versatile language can empower you to unlock new possibilities, accelerate
your research, and contribute to scientific advancements.


https://github.com/russomf/syrlwp
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Introduction

Python is one of the most popular programming languages, and for good reasons. Among the
principles that guide the design of the language, called the Zen of Python, is the principle that
Readability Counts. You will discover this repeatedly throughout your learning journey. Unlike
source code that you may have encountered in the past written in other programming languages,
Python will not appear to the untrained eye as an undiscovered form of hieroglyphics. If writ-
ten well, Python source code can be relatively easy to read and understand, and it can be equally
straightforward to write. Perhaps this is what has driven the popularity of Python.

As a general-purpose programming language, you will find that learning Python provides you
with the power to solve virtually any computing problem that you may encounter. This includes
data collection and processing, instrument control, scientific computations, publication quality
graphing, report generation, and much more. Many of these packages are designed to solve the
kinds of scientific problems encountered in a research laboratory. We will cover many of the most
popular and widely used scientific Python packages. When combining Python’s clean and simple
syntax with over 600,000 packages that are freely available in the Python Package Index (PyPI), you
will find that you have at your fingertips an incredibly powerful toolkit to solve authentic scientific
and research laboratory problems.

Another incredible feature of Python is that it has been selected as one of the two most popular
languages used for Data Science. As a research scientist, experimental data is likely the lens
through which you learn about the world. While you may never need the full range of advanced
numerical, statistical, and modeling features required by a professional data scientist, it is no doubt
that you will benefit from the power of Python to operate legitimately in the Data Science field.

Finally, it is worth noting that Python is an open-source language, which means it is free to use
and has a large and active community of developers. This community continuously maintains and
improves Python’s vast array of libraries and other tools, making it a robust platform for scientific
research. Python is available for most operating systems, which ensures that you will be able to run
it wherever you need it, even on microcontrollers.

1.1 Python Implementations

Although not formally standardized like other programming languages such as C, C++, and
JavaScript, the Python language syntax is defined by The Python Language Reference [1] as well
as its reference implementation in C called CPython, which is available for all major operating
systems. Both the language reference documentation and CPython implementation are available
from Python’s official website at https://www.python.org [2].

Streamlining Your Research Laboratory with Python, First Edition. Mark F. Russo and William Neil.
© 2025 John Wiley & Sons, Inc. Published 2025 by John Wiley & Sons, Inc.
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Python may be implemented by anyone on any platform. Consequently, and due to its significant
popularity, you will find Python available on almost every computing platform. In addition to
CPython, which is available for all major operating systems, including Windows, MacOS, and Linux,
an implementation of Python called IronPython has been implemented for the .Net runtime [3],
Jython has been implemented for the Java Virtual Machine (JVM) [4], and at least two Python subsets
that run on microcontrollers: MicroPython [5] and CircuitPython [6]. A version of Python has even
been implemented in Python itself, appropriately called PyPy [7].

More recently, CPython and many of its most important packages have been compiled to
WebAssembly [8]. WebAssembly is a stack-based virtual machine that runs entirely in and is confined
by, a web browser. The WebAssembly port of Python is called Pyodide [9]. Pyodide allows us to run
Python in a web browser without the need to install it first. Pyodide is an important option for labo-
ratory scientists because laboratory computers are often locked down for security reasons. Typically,
the primary purpose of a lab computer is to operate an attached instrument or process data, not to
perform general-purpose computing. For security reasons, it is often the case that installing new
software is strictly forbidden. Fortunately, because the entire Pyodide Python environment may be
loaded into a web browser directly, Pyodide provides a means to access the power of Python without
the need to convince your IT team to grant you the elevated privileges required to install software.

No matter which implementation of Python you choose, your knowledge of the Python program-
ming language will be instrumental in helping you streamline your laboratory operations.

1.2 Installing the Python Toolkit

To install CPython, visit the official Python home page at https://www.python.org/ and click the
Downloads link [2]. An appropriate installer for your operating system will be offered. Download
and run the installer. Python will be installed for you on your computer.

To test your installation, open a terminal program and enter the python command. Many
terminal programs are available and will change based upon your computer’s operating system.
On MacOS and Linux, you should find Terminal as one of your program options. On Windows,
you may use PowerShell, Command Prompt, or another option. But no matter which terminal
program you use, simply enter the python or python3 command into the terminal program and
press Enter. This command will run the Python Interactive Console, which you may use to execute
Python commands interactively.

To exit the Python console, enter the Python command exit (). See Figure 1.1 for an example.

If the installation of Python is successful but you are still having problems starting the Python
console, our experience suggests that the problem lies with your operating system’s ability to find
the Python executable. Investigate where Python was installed and make sure that the path loca-
tion is included in your PATH environment variable. Also check that you have the necessary per-
missions to access and execute the python program.

1.3 Python 3 vs. Python 2

Python 3 was introduced to the community in 2008 as a “breaking change” version of Python.
Programs written for the previous Python 2 would not run in Python 3 due to significant changes to
syntax and other implementation details. This change was necessary because several of the design
decisions made for Python 2 needed an upgrade to make the language more suitable for modern


https://www.python.org

1.4 Python Package Index

B Windows PowerShell

Windows PowerShell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\russo> python

Python 3.11.0 (main, Oct 24 2022, 18:26:u48) [MSC v.1933 64 bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more information.

>>> exit()

PS C:\Users\russo>

Figure 1.1 The Python Interactive Console running in Windows PowerShell.

applications. Some changes made to Python 3 were fundamental, including the way binary data is
stored and processed.

There was a significant number of existing Python 2 programs in production around the world
when Python 3 was announced. It is no surprise that many Python 2 programmers were less than
enthusiastic about porting their source code to Python 3. Nevertheless, Python 2 was scheduled to
be retired in 2015, but the resistance was so strong that this date had to be delayed. It wasn’t until
January 1, 2020 that Python 2 was finally and fully retired.

Even though Python 2 has been retired and it no longer receives security patches, you can still
install and use it. If you have a version of Python 2 installed, please resist the urge to use it to write
new programs and install Python 3 instead. For guidance porting Python 2 code to Python 3, refer
to Python’s own porting guide [10]. If you need both versions of Python available, you may install
Python 3 with Python 2 and use them both simultaneously. With both versions of Python installed,
run Python 3 from a terminal using the python3 command in place of the python command. To
make sure you have a recent version of Python 3 installed, you can enter the following command
into a terminal. In this book we use Python 3 exclusively.

python --version

1.4 Python Package Index

One of Python’s mottos is “batteries included,” and for a good reason. A Python distribution comes
with a huge library of prewritten modules for you to use and build upon. While it’s true that a
Python distribution includes quite a few “batteries,” it is not possible to include them all.

If a module is not shipped with Python, there is a good chance someone in the Python community
has contributed a module that will help you. Additional Python modules are distributed through a
Python package repository, with the two most popular being the PyPI [11] and the Package Repository
for Anaconda [12]. Anaconda is an exceptional platform that provides high quality Python installa-
tions, package distributions, and other open-source resources. Importantly, it also offers paid support

3
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plans, which may be critical for businesses that depend upon Python as part of their core operations.
In the following, we describe how to use PyPI for installing additional Python packages.

The PyPI provides a way for package authors to post their open-source Python packages, and for
package users to find and install Python packages that are not distributed with Python. The PyPI
hosts over 600,000 freely available Python packages ready for you to install and use. If you need
something specific, there is a good chance that the PyPI has a package for that.

Python packages are downloaded from the PyPI and installed in your computing environment
using a program and module distributed with Python called pip (package installer for Python). If
you have a Python distribution, you have pip.

As an example, consider the watchfiles Python package, which is a toolkit for monitoring
and responding to file system events [13]. The watchfiles package can help if you may want
to execute a Python program automatically to parse data when a new file is written. Before you
can use watchfiles, you must install it with the pip module. Python ships with a script named
pip thatis a convenient way to invoke the pip module. Our experience has been that this can be
troublesome in some environments. To avoid the trouble, we skip the script and invoke the module
directly to perform an installation from the PyPI using a command like the following.

python -m pip install watchfiles

This installs the watchfiles package so that it can be used by anyone logged in to the com-
puter. To limit the installation to yourself only, add the - -user option to the command.

python -m pip install --user watchfiles

To install a particular version of a package, add the package version to the pip command.
For example, if you want to install version 0.24 of watchfiles, execute the following terminal
command, which ensures that the version is exactly equal to 0.24.

python -m pip install --upgrade watchfiles==0.24

The pip package is updated frequently. When executed, it checks if there is a more recent ver-
sion available and lets you know if there is. To ensure that you have the latest version of pip
installed (or any module), add the - -upgrade option.

python -m pip install --upgrade pip

If you are working in a networked environment that is behind a proxy server, which is the case
with most sizable organizations, the pip command may be unable to access the PyPI repository
directly. Fortunately, if you provide proxy server parameters to pip, it will use the proxy server to
access PyPI. Add the - -proxy option to the pip command along with the proxy server domain
name and port number, as well as username and password, if necessary, using the following syntax.

python -m pip install packageName --proxy [user:passwd@]proxy.server:port




1.6 Notebook Editors

For many more details describing the options for installing Python packages from the PyPI, refer
to the Python Packaging User Guide [14].

1.5 Programming Editors

In the next chapter you will learn that Python depends heavily on indentation to properly parse
and interpret its source code structure. Statements in the same code block must be indented uni-
formly, otherwise they are considered to be in different code blocks, which often results in an
incorrect interpretation of what you intended your program to do. Leading whitespace like tabs
and spaces can be extremely important to Python programs. You must get it right.

It is possible to write Python programs using a simple text editor, but it can be difficult to ensure
that all indentations are correct. An extra leading space character on one line can completely
change the meaning of your program or break it entirely. For example, a plain text editor might use
a sequence of space characters or a tab character to indent a statement on a line. Two consecutive
lines of code, one above the other but using different whitespace characters for indentation, can
appear to be indented identically. Despite the way the lines look, Python will consider these two
lines to be in different code blocks. To ensure you don’t end up with an incorrect Python program
due to line indentation inconsistencies, it is strongly recommended that you write your programs
using an editor designed for programming in Python. Fortunately, there are many good options.

One good option that is freely available is the Visual Studio Code editor, often called VSCode [15].
Note that VSCode is not the same as the Visual Studio Integrated Development Environment, which is
far more sophisticated than VSCode. Because VSCode is a general-purpose programming editor, after
installation it is necessary to add extensions to the editor specifically for Python. A good extension
for Python programming is the Python extension for Visual Studio Code distributed by Microsoft,
which is freely available through the Visual Studio Code Marketplace [16]. This extension adds sev-
eral functions to VSCode for Python programming, including syntax highlighting and checking,
debugging, outlining and navigation, formatting, refactoring, variable explorer, and more.

To install VSCode, visit https://code.visualstudio.com/ and download an installer for your
operating system. Run the installer to set up the editor on your computer. After installation is
complete, start the program and find the icon bar docked to the left side of the window. Click the
icon for Extensions, or enter Control-Shift-X. The Extensions icon is composed of four small boxes,
one of which is being added to the others. Clicking this icon opens the Extensions Marketplace
panel. Search for “Python” and find the “Python extension for Visual Studio Code” extension.
Click the [Install] button. Once installed, this extension will configure your editor for advanced
Python program editing, syntax highlighting, and much more. It is well worth the effort to seek out
and install the VSCode extension pack for Python.

1.6 Notebook Editors

When working with experimental data, it helps to use a different style of editor called a Notebook.
The idea was first described by Donald Knuth [17] when he introduced the concept of literate
programming. In that paper, Knuth proposed extending our attitude toward computer program-
ming as merely a way to instruct a computer but also to include a description for humans that
explains a larger concept that is supported by the program. In this way, we consider such an
extended computer program a work of literature.

5


https://code.visualstudio.com

6

1 Introduction

The modern version of literate programming is best embodied in the Notebook-style editor,
which intermingles formatted text with code snippets that analyze data and generate illustrative
output. For Python, Jupyter and JupyterLab are among the most popular Notebook editors [18].
JupyterLab itself is composed of a Jupyter notebook coupled with a file system browser and other
utilities. Jupyter is the de facto standard Notebook editor for Data Scientists who use Python.

Jupyter and JupyterLab leverage a web browser for its user interface, with a computer language
kernel running behind it. A kernel is the compute engine that executes code snippets. Once the user
enters code into a code cell of a notebook and submits it, the code is transmitted by the notebook to
its running backend kernel. The kernel executes submitted code and results are returned to the note-
book. If appropriate, returned results are rendered in a new notebook cell. For example, the result
of a computation might be a chart or interactive widget. This architecture is illustrated in Figure 1.2.

To install Jupyter and JupyterLab, open a terminal and use the pip module to install the package.

python -m pip install jupyterlab

Once installed, Jupyter may be started by executing the following command in a terminal.

jupyter-notebook

To start JupyterLab, replace “notebook” with “lab,” as follows.

jupyter-lab

In both cases, a local notebook server program with the Python language kernel is started,
followed by the opening of a browser window, which is automatically navigated back to the
notebook server to load the initial interface.

To shut down the notebook server, click the [Quit] button in a Jupyter Notebook, choose the
“File | Shut Down” menu option from JupyterLab, or simply enter Ctrl-C in or Cmd-C the terminal
window that is running the notebook server program.

The modular architecture of Jupyter allows one kernel of a notebook to be swapped out for
another kernel. With a standard communication protocol in place for transmitting code snippets
to a kernel and returning results, it is possible to develop kernels for other programming languages
in addition to Python. Currently, notebook kernels are available for Perl, Ruby, JavaScript, Fortran,
Java, and other languages. The landscape of available kernels is advancing all the time. If you have
an interest in a kernel for another language, consult the Jupyter Project documentation [18].

Figure 1.2 Jupyter notebook architecture.
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Figure 1.3 JupyterLab in action.

Figure 1.3 demonstrates a simple example of JupyterLab with formatted descriptive text, a short
Python program, and a chart resulting from the execution of the code in the code cell. This note-
book illustrates how we may intermingle text, programs, and dynamically generated results, in a
single document, thereby embodying Knuth'’s concept of literate programming.

1.7 Using the Jupyter Notebook Interface

Notebook documents are composed of a linear stack of three kinds of cells: Markdown cells
(formatted text), code cells (program snippets), and raw cells (unprocessed text). These cells may
be added to a notebook, deleted, edited, and rearranged at will. Individual cells in a notebook
may be executed in any order, or all cells may be executed from the top of the notebook to the
bottom.

The content of any cell in a notebook is entered directly through the notebook interface.
Executing a cell, whether it is a Markdown cell or a code cell, is performed by entering the key
sequence Shift-Enter. This will either process and display the formatted text of a Markdown cell
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as HTML or it will transmit code to the language kernel for execution with results displayed upon
return. To learn more about Markdown text formatting syntax implemented in a Jupyter Notebook,
explore the Jupyter Notebook documentation site [19]. Python language syntax will be explored in
great detail in the chapters that follow.

From the perspective of a laboratory scientist, it is easy to see how a notebook may be used
to perform the kind of analysis and results that are entered into a classic laboratory notebook.
A Jupyter notebook used to document an experiment might open with formatted text describing
the experiment performed, including detailed procedures, source materials, and an experimental
design. Experimental data might be added to a cell in a tabular format suitable for processing.
A code cell should contain the full source code for a short program used to process experimental
data. Capturing the actual source code for the program used to process raw experimental data has
the side benefit of documenting the analysis in a way that allows it to be reproduced easily. After
analysis, additional code cells might generate charts, tables, and other illustrations rendered right
in the notebook. Once the notebook document is written and tested, it might be possible to reuse
it by updating experimental data and rerunning the entire notebook.

Of course, notebook documents like those created with JupyterLab are not and cannot be used
as laboratory notebooks because they lack the required tracking, signature capabilities, and other
security features. But they can form the basis of a report to be entered into a notebook, complete
with an ability to reproduce the analysis at a later time by rerunning a copy of the notebook. It’s
easy to see how notebook editors can be a valuable tool for a research scientist.

1.8 JupyterLite

Earlier we described one implementation of Python called Pyodide. The authors of Pyodide
recognized that several of Python’s core data processing libraries could reach even more users
if compiled to a WebAssembly target so that they were available to run in Pyodide. These addi-
tional packages are the tools used most often by Data Scientists. With these additional packages
compiled to WebAssembly, and because JupyterLab uses the browser as its user interface, it
was possible to combine JupyterLab with Pyodide and a set of additional libraries compiled
to WebAssembly to create a fully in-browser data science environment. Add a lightweight
browser-based file system, and the result is an environment named JupyterLite (Figure 1.4) [20].

JupyterLite is a complete notebook environment that runs entirely in a web browser - no instal-
lation necessary. This includes both the notebook front end as well as the Python kernel language
back end. You may load this complete environment at the Jupyter website [21]. This is a tremendous
benefit, especially when you are blocked from installing software, such as in a tightly controlled lab
computing environment managed by large organizations.

Note that the JupyterLite environment is indeed a “lite” version of the toolkit. For example,
the file system is simulated and exists entirely in browser storage. It is possible to upload
files from a local disk to the browser-based simulated file system and download files from the
browser to local disk, but accessing the local file system from the JupyterLite environment
directly is impossible due to the tight security constraints implemented by web browsers. This
limits the amount of data that can be analyzed. Also, while any pure Python package may
be used in JupyterLite, more high-performance packages that depend on utilities written in
another language, such as C or Rust, are not available unless they have been precompiled to
WebAssembly.
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Figure 1.4 JupyterLite demonstration.

1.9 Things Change

Computing environments develop and change quickly. Unfortunately, this means that the
information here may become out of date. It is worth taking some time to research the implemen-
tations of Python, programming editors, and other tools currently available. Better options may
appear, and you will want to benefit from them.

1.10 Key Takeaways

1. Currently, Python is one of the most popular general-purpose programming languages.

2. Learning Python will provide you with the power to solve virtually any computing problem
you may encounter.

3. The PyPI includes approximately 600,000 additional packages for you to download.

4. Python is one of the two most popular languages used for Data Science.
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10.

11.

12.

. Python is an open-source language, which means it is free to use and has a large and active

community of developers.

. There are many implementations of Python for you to use. The CPython implementation is

the reference standard by which other implementations are compared.

. Install Python by visiting the language home page [2], clicking the Downloads link to down-

load a suitable installer and running the installer program.

. Additional packages are installable from the PyPI using the pip module, provided with the

standard Python distribution.

. Because Python syntax depends heavily on uniform indentation, a good programming editor

will be a great benefit. Visual Studio Code is one very good option. To install VSCode, down-
load an installer [15].

Notebook editors are another style of editor that support literate programming, a style of
programming in which documentation, code, and results are intermingled.

The JupyterLab notebook editor is a very popular notebook style of editor used for Python
programming in the field of Data Science. Notebooks are useful for research scientists as well.
Things change quickly in technology fields. Always check for the most recent releases and the
latest options available for solving computing-related problems.
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Language Basics

In this chapter we introduce the basics of Python programming with variables and expressions.
Fundamental Python data types are described along with how they may be combined into expres-
sions using operators and global functions.

2.1 Python Interactive Console

Even if you never write a complete Python program, being able to write and evaluate Python
expressions interactively will give you an immediate advantage. You can use the Python Interactive
Console to perform a wide range of ad hoc calculations, just like you would with an interactive cal-
culator. If you need to calculate a dilution volume or the number of tubes or microplates required
to perform an experiment, you’ll find yourself popping open the Python Interactive Console to
perform a quick calculation.

To start the Python Interactive Console, open a terminal program and enter the command
python (or python3). If you are using Microsoft Windows, you can run PowerShell or Command
Prompt as your terminal. On a Macintosh or Linux computer, the standard terminal program will
do the trick. After entering the python command, the Python console will start in your terminal
and offer you the >>> prompt. This is where you can enter any Python statement you want to be
evaluated, even multi-line statements.

Figure 2.1 demonstrates the Python console started in Windows PowerShell. It will look the
same, no matter which terminal program or operating system you use. To exit the console, enter
the quit () or the exit () command and press the Enter or Return key. Make sure to add a pair
of parentheses after the command and before pressing Enter or Return.

With the Python console running, go ahead and enter an expression. You will find that performing
basic calculations is straightforward.

>>> 1.1 * 65000 / (5 * 8 * 52)
34.375

2.2 Data Types

Python provides several different fundamental types of data for you to work with, right out of
the box. These include three kinds of numbers, including integers, floating-point numbers,
and even complex numbers. Other built-in data types are strings of characters, Boolean values
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Figure 2.1 Python Interactive Console.

(True and False), and a special keyword used to indicate the absence of a value, called None.
These are summarized in Table 2.1.

The first column of Table 2.1 lists the class of the Python data type. These predefined Python
terms will be useful to you. The second column provides a description of each data type, the
third column indicates the approximate range of values that can be represented by the type, and
the last column provides several examples of each data type written in a way that is recognized
by Python.

Every data type is stored in a finite amount of memory, which is why the range of values that can
be represented by each type is limited. We won’t discuss how these fundamental data values are
stored, but it is important to understand that every value has a data type, and each type has its own
way of encoding itself in memory. It is worth verifying that the types chosen to represent values
used in your calculations will not approach the limits given in the third column of Table 2.1, either
from the perspective of a range or in the number of required significant digits.

Table 2.1 Fundamental Python data types.

Data type Description Approximate range Literal examples
int An integer. A whole number with no —9223372036854775808 0, 1, -2, 1234
decimal or fractional part. t0 9223372036854775807
float A base-10 number with a decimal and +5.0 X 1073** to 0.0, 0.1,
optionally places to the right of the +1.7 x 10°%8 3.1415926,
decimal. 10., -2e3
complex A complex number with both real and Same as float, for real 1j, -1 + 03,
imaginary parts. and imaginary parts, -1.2 + 3.4]
str A sequence of 0 or more characters Any sequence of "hello",
delimited by pairs of matching single characters from a 'goodbye', "",
quotes or double quotes. character set. A", ‘@', "12"
bool One of the Python values True or False. True or False True, False
NoneType The Python value None. None None




