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Overview

To start with we will spend a couple of words on the approach and the goals of the book, then we will deep dive into the code.

[image: overview-38871]


Chapters

The tutorials mostly deal with fundamentals of Python 3, data analysis (more like raw data processing rather than statistics) and some applications (dashboards, databases, ..)

What are *not* about:


	object oriented programming theory


	algorithms, computational complexity


	performance


	no terabytes of data …






	advanced debugging (pdb)


	testing is only mentioned


	machine learning


	web development is only mentioned






Why Python?

[image: python-logo-1823]


	Easy enough to start with


	Versatile, very much used for


	scientific calculus


	web applications


	scripting






	widespread both in the industry and research environments


	Tiobe [https://www.tiobe.com/tiobe-index/] Index


	popularity on Github [https://madnight.github.io/githut/#/pull_requests/2020/1]






	Licence open source & business friendly [https://docs.python.org/3/license.html]


	translated: you can sell commercial products based on Python without paying royalties to its authors










Approach and goals

If you have troubles with programming basics:


	Exercise difficulty: ✪ , ✪✪


	Read SoftPython - Part A - Foundations [https://en.softpython.org/index.html#foundations]




If you already have some programming skills:


	Exercise difficulty: ✪✪✪, ✪✪✪✪


	Read Python Quick Intro [https://en.softpython.org/quick-intro/quick-intro-sol.html] and then go directly to Part B - Data Analysis [https://en.softpython.org/index.html#data-analysis]




Other guides: you can find links to further material in References page



Doesn’t work, what should I do?

While programming you will surely encounter problems, and you will stare at mystierious error messages on the screen. The purpose of this book is not to give a series of recipes to learn by heart and that always work, as much as guide you moving first steps in Python world with some ease. So, if something goes wrong, do not panic and try following this list of steps that might help you. Try following the proposed order:


	If in class, ask professor (if not in class, see last two points).


	If in class, ask the classmate who knows more


	Try finding the error message on Google


	remove names or parts too specific of your program, like line numbers, file names, variable names


	Stack overflow [https://stackoverflow.com] is your best friend






	Look at Appendix A - Debug from the book Think Python [http://greenteapress.com/thinkpython2/html/thinkpython2021.html], by Allen B. Downey:


	Syntax errors [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#235]


	I keep making changes and it makes no difference. [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec236]






	Runtime errors [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec237]


	My program does absolutely nothing. [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec238]


	My program hangs. [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec239]


	Infinite Loop [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec240]


	Infinite Recursion [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec2241]


	Flow of Execution [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec242]


	When I run the program I get an exception [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec243]


	I added so many print statements I get inundated with output [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec244]






	Semantic errors [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec245]


	My program doesn’t work [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec246]


	ve got a big hairy expression and it doesn’t do what I expect. [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec247]


	ve got a function that doesn’t return what I expect. [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec248]


	I’m really, really stuck and I need help. [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec249]


	No, I really need help. [http://greenteapress.com/thinkpython2/html/thinkpython2021.html#sec250]










	Gather some courage and ask on a public forum, like Stack overflow or python-forum.io - see how to ask questions.





How to ask questions


IMPORTANT

If you want to ask written questions on public chat/forums (i.e. like python-forum.io [https://python-forum.io/index.php]) DO FIRST READ the forum rules - see How to ask Smart Questions [https://python-forum.io/misc.php?action=help&hid=19]



In substance, you are always asked to clearly express the problem circumstances, putting an explicative title to the post /mail and showing you spent some time (at least 10 min) trying a solution on your own. If you followed the above rules, and by misfortune you still find people who use harsh tones, just ignore them.




Installation and tools


	If you still haven’t installed Python3 and Jupyter, have a look at Installation






Let’s start !


	If you already have some programming skill: you can look Quick Python intro


	If you don’t have programming skills: go to Tools and scripts [https://en.softpython.org/tools/tools-sol.html]
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Installation

We will see whether and how to install Python, additional Python libraries, Jupyter notebook and finally how to manage virtual environments.


Sometimes you don’t even need to install!

If you want, you can also directly program online with the following services




NOTE 1: if you want to try one, always remember to check it is using Python 3 !




NOTE 2: As for any online service, whenever it is freely offered do not abuse it. If you try processing a terabyte of data per day without paying a subscription, you risk a denial of service.



Python 3 on repl.it [https://repl.it/languages/python3]: allows to edit Python code collaboratively with other users, and also supports libraries such as Matplotlib

Python Tutor [http://pythontutor.com/visualize.html#py=3]: allows to execute one instruction at a time while offering a very useful visualization of what is happening ‘under the hood’

Google Colab [https://colab.research.google.com]: allows editing collaboratively Jupyter notebooks and save them to Google Drive.


	NOTE 1: it might be you won’t be able to access with university accounts (i.e.``@studenti.unitn.it``). In that case, use personal accounts such as @gmail.com


	NOTE 2: the ‘collaborative’ aspect of Colab changed over time, be very careful at what happens when working in two people over the same document. Once (2017) changes performed by one were immediately seen by other users, but lately (2019) they seem only visibly when saving - even worse, they overwrite changes others could have done in the meanwhile.




Online Jupyter demo [http://try.jupyter.org]: sometimes it works but it is not always available. If you manage to access, remember to select from the menu Kernel->Change kernel->Python 3


Installing Python

There are varioues ways to install Python 3 and its modules: there is the official ‘plain’ Python distribution but also package managers (i.e. Anaconda) or preset environments (i.e. Python(x,y)) which give you Python plus many packages. Once completed the installation, Python 3 contains a command pip (sometimes called pip3 in Python 3), which allows to install afterwards other packages you may need.

The best way to choose what to install depends upon which operating system you have and what you intend to do with it. In this book we will use Python 3 and scientific packages, so we will try to create an environment to support this scenario.


Attention: before installing random stuff from the internet, read carefully this guide

We tried to make it generic enough, but we couldn’t test all various cases so problems may arise depending on your particular configuration.




Attention: do not mix different Python distribution for the same version !

Given the wide variety of installation methods and the fact Python is available in already many programs, it might be you already have installed Python without even knowing it, maybe in version 2, but we need the 3! Overlaying several Python environments with the same version may cause problems, so in case of doubt ask somebody who knows more!




Windows installation

For Windows, we suggest to install the distribution Anaconda for Python 3.8 [https://www.anaconda.com/download/#windows] or greater, which, along with the native Python package manager pip, also offers the more generic command line package manager conda.

Once installed, verify it is working like this:


	click on the Windows icon in the lower left corner and search for ‘Anaconda Prompt’. It should appear a console where to insert commands, with written something like C:\Users\David>. NOTE: to launch Anaconda commands, only use this special console. If you use the default Windows console (cmd), Windows will not be able to find Python.


	In Anaconda console, type:




conda list





It should appear a list of installed packages, like

# packages in environment at C:\Users\Jane\AppData\Local\Continuum\Anaconda3:
#
alabaster                 0.7.7                    py35_0
anaconda                  4.0.0               np110py35_0
anaconda-client           1.4.0                    py35_0
...
numexpr                   2.5                 np110py35_0
numpy                     1.10.4                   py35_0
odo                       0.4.2                    py35_0
...
yaml                      0.1.6                         0
zeromq                    4.1.3                         0
zlib                      1.2.8                         0






	Try Python3 by typing in the Anaconda console:




C:>  python





It should appear something like:

Python 3.6.3 (default, Sep 14 2017, 22:51:06)
MSC v.1900 64 bit (Intel)[GCC 5.4.0 20160609] on win64
Type "help", "copyright", "credits" or "license" for more information.
>>>






Attention: with Anaconda, you must write python instead of python3 !

If you installed Anaconda for Python3, it will automatically use the correct Python version by simply writing python. If you write python3 you will receive an error of file not found !




Attention: if you have Anaconda, always use conda to install Python modules ! So if in next tutorials you se written pip3 install whatever, you will instead have to use conda install whatever





Mac installation

To best manage installed app on Mac independently from Python, usually it is convenient to install a so called package manager. There are various, and one of the most popular is Homebrew [https://brew.sh/]. So we suggest to first install Homebrew and then with it you can install Python 3, plus eventually other components you might need. As a reference, for installation we took and simplified this guide by Digital
Ocean [https://www.digitalocean.com/community/tutorials/how-to-install-python-3-and-set-up-a-local-programming-environment-on-macos]


Attention: check if you already have a package manager !

If you already have installed a package manager like for example Conda (in Anaconda distribution), Rudix, Nix, Pkgsrc, Fink, o MacPorts, maybe Homebrew is not needed and it’s better to use what you already have. In these cases, it may be worth asking somebody who knows more ! If you already have Conda/Anaconda, it can be ok as long as it is for Python 3.



— 1 Open the Terminal

MacOS terminal is an application you can use to access command line. As any other application, it’s available in Finder, navigation in Applications folder, and the in the folder Accessories. Frotm there, double click on the Terminal to open it as any other app. As an alternative, you can use Spotlight by pressing Command and Space to find the Terminal typing the name in the bar that appears.

— 2 Install Homebrew by executing in the terminal this command:

/usr/bin/ruby -e "$(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/master/install)"





— 3 Add /usr/local/bin to PATH

In this passage with an unsettling name, once Homebrew installation is completed, you will make sure that apps installed with Homebrew shall always be used instead of those Mac OS X may automatically select.

— 3.1 Open a new Terminal.

— 3.2 From within the terminal, digit the command

ls -a





You will see the list of all files present in the home folder. In these files, verify if a file exists with the following name: .profile (note the dot at the beginning):


	If it exists, go to following step


	If it doesn’t exist, to create it type the following command:

touch  $HOME/.profile









— 3.3 Open with text edit the just created file .profile giving the command:

open -e  $HOME/.profile





— 3.4 In text edit, add to the end of the file the following line:

export PATH=/usr/local/bin:$PATH





— 3.5 Save and close both Text Edit and the Terminal

— 4 Verify Homebrew is correctly installed, by typing in a new Terminal:

brew doctor





If there aren’t updates to do, the Terminal should show:

Your system is ready to brew.





Otherwise, you might see a warning which suggest to execute another command like brew update to ensure the Homebrew installation is updated.

— 5. Install python3 (Remember the ‘3’ !):

brew install python3





Along with python 3, Homebrew will also install the internal package manager of Python pip3 which we will use in the following.

— 6 Verify Python3 is correctly installed. By executing this command the writing "/usr/local/bin/python3" should appear:

which python3





After this, try to launch

python3





You should see something similar:

Python 3.6.3 (default, Nov 17 2016, 17:05:23)
[GCC 5.4.0 20160609] on mac
Type "help", "copyright", "credits" or "license" for more information.
>>>





To exit Python, type exit() and press Enter.



Linux installation

Luckily, all Linux distributions are already shipped with package managers to easily install applications.


	If you have Ubuntu:


	follow the guide of Dive into Python 3, chapter 0 - Installare Python [https://diveintopython3.problemsolving.io/installing-python.html] in particular by going to the subsection installing in Ubuntu Linux [https://diveintopython3.problemsolving.io/installing-python.html#ubuntu]


	after completing the guide, install also python3-venv:

sudo apt-get install python3-venv











	If you don’t have Ubuntu, read this note [https://diveintopython3.problemsolving.io/installing-python.html#other] and/or ask somebody who knows more.




To verify the installation, try to run from the terminal

python3





You should see something like this:

Python 3.6.3 (default, Nov 17 2016, 17:05:23)
[GCC 5.4.0 20160609] on linux
Type "help", "copyright", "credits" or "license" for more information.
>>>








Installing packages

You can extend Python by installing several free packages. The best way to do it varies according to the operating system and the installed package manager.


ATTENTION: We will be using system commands. If you see >>> in the command line, it means you are inside Python interpreter and you must first exit: to do it, type exit() and press Enter.



In what follows, to check if everything is working, you can substitute PACKAGENAME with requests which is a module for the web.

If you have Anaconda:


	click on Windows icon in the lower left corner and search Anaconda Prompt. A console should appear where to instert commands, with something written like C:\Users\David>. (NOTE: to run commands in Anaconda, use only this special console. If you use the default Windows console (cmd), Windows, will not be able to find Python)


	In the console type conda install PACKAGENAME




If you have Linux/Mac open the Terminaland give this command (--user install in your home):


	python3 -m pip install --user PACKAGENAME


	NOTE: If you receive errors which tell you the command python3 is not found, remove the 3 after python





INFO: there is also a system command pip (or pip3 according to your system). You can directl call it with pip install --user PACKAGENAME

Instead, we install instead with commands like python3 -m pip install --user PACKAGENAME for uniformity and to be sure to install packages for Python 3 version





Jupyter Notebook


Run Jupyter notebook

A handy editor you can use for Python is Jupyter [http://jupyter.org/]:


	If you installed Anaconda, you should already find it in the system menu and also in the Anaconda Navigator.


	If you didn’t install Anaconda, try searching in the system menu anyway, maybe by chance it was already installed


	If you can’t find it in the system menu, you may anyway from command line




Try this:

jupyter notebook





or, as alternative,

python3 -m notebook






ATTENTION: jupyter is NOT a Python command, it is a system command.

If you see written >>> on command line it means you must first exit Python insterpreter by writing ‘exit()` and pressing Enter !




ATTENTION: If Jupyter is not installed you will see error messages, in this case don’t panic and go to installation.



A browser should automatically open with Jupyter, and in the console you should see messages like the following ones. In the browser you should see the files of the folders from which you ran Jupyter.

If no browser starts but you see a message like the one here, then copy the address you see in an internet browser, preferebly Chrome, Safari or Firefox.

$ jupyter notebook
[I 18:18:14.669 NotebookApp] Serving notebooks from local directory: /home/da/Da/prj/softpython/prj
[I 18:18:14.669 NotebookApp] 0 active kernels
[I 18:18:14.669 NotebookApp] The Jupyter Notebook is running at: http://localhost:8888/?token=49d4394bac446e291c6ddaf349c9dbffcd2cdc8c848eb888
[I 18:18:14.669 NotebookApp] Use Control-C to stop this server and shut down all kernels (twice to skip confirmation).
[C 18:18:14.670 NotebookApp]

    Copy/paste this URL into your browser when you connect for the first time,
    to login with a token:
        http://localhost:8888/?token=49d4394bac446e291c6ddaf349c9dbffcd2cdc8c848eb888






ATTENTION 1: in this case the address is http://localhost:8888/?token=49d4394bac446e291c6ddaf349c9dbffcd2cdc8c848eb888, but youts will surely be different!




ATTENTION 2: While Jupyter server is active, you can’t put commands in the terminal !

In the console you see the server output of Jupyter, which is active and in certain sense ‘it has taken control’ of the terminal. This means that if you write some commands inside the terminal, these will not be executed!





Saving Jupyter notebooks

You can save the current notebook in Jupyter by pressing Control-S while in the browser.


ATTENTION: DO NOT OPEN THE SAME DOCUMENT IN MANY TABS !!

Be careful to not open the same notebook in more the one tab, as modifications in different tabs may overwrite at random ! To avoid these awful situations, make sure to have only one tab per document. If you accidentally open the same notebook in different tabs, just close the additional tab.




Automated savings

Notebook changes are automatically saved every few minutes.





Turning off Jupyter server

Before closing Jupyter server, remember to save in the browser the notebooks you modified so far.

To correctly close Jupyter, do not brutally close the terminal, Instead, from the the terminal where you ran Jupyter, hit Control-c, a question should appear to which you should answer y (if you don’t answer in 5 seconds, you will have to hit control-c again).

Shutdown this notebook server (y/[n])? y
[C 11:05:03.062 NotebookApp] Shutdown confirmed
[I 11:05:03.064 NotebookApp] Shutting down kernels







Navigating notebooks

(Optional) To improve navigation experience in Jupyter notebooks, you may want to install some Jupyter extension, like toc2 which shows paragraph headers in the sidebar. To install:

Install the Jupyter contrib extensions [https://github.com/ipython-contrib/jupyter_contrib_nbextensions]:

1a. If you have Anaconda: Open Anaconda Prompt (or Terminal if on Max/Linux), and type:

conda install -c conda-forge jupyter_contrib_nbextensions





1b. If you don’t have Anaconda: Open the terminal and type:

python3 -m pip install --user jupyter_contrib_nbextensions





2. Install in Jupyter:

jupyter contrib nbextension install --user





3. Enable extensions:

jupyter nbextension enable toc2/main





Once installed: To see table of contents in a document you will have to press a list button on the right side of the toolbar:
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If by chance you don’t see the button:


	go to main Jupyter interface


	check Nbextensions tab


	make sure Table of Contents(2) is enabled


	Close Jupyter, reopen it, go to a notebook, you should finally see the button
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Installing Jupyter notebook - all operating systems

If you didn’t manage to find and/or start Jupyter, probably it means we need to install it!

You may try installing Jupyter with pip (the native package manager of Python)

To install, run this command:

python3 -m pip install --user jupyter -U





Once installed, follow the section

Una volta installato, segui la sezione Run Jupyter Notebook


ATTENTION: you DON’T need to install Jupyter inside virtual environments You can consider Jupyter as a system-level application, which should be independent from virtual environments. If you are inside a virtual environment (i.e. the command line begins with a writing in parenthesis like (myprj)``), exit the environment by typeing``deactivate`)




HELP: if you have trouble installing Jupyter, while waiting for help you can always try the online demo version [https://try.jupyter.org/] (note: it’s not always available) or Google Colab [http://colab.research.google.com/]






Projects with virtual environments


WARNING: If these are your first steps with Python, you can skip this section.

You should read it if you have already done personal projects with Python that you want to avoid compromising, or when you want to make a project to ship to somebody.



When we start a new project with Python, we usually notice quickly that we need to extend Python with particular libraries, like for example to draw charts. Not only that, we might also want to install Python programs which are not written by us and they might as well need their peculiar libraries to work.

Now, we could install all these extra libraries in a unique cauldron for the whole computer, but each project may require its specific versions of each library, and sometimes it might not like versions already installed by other projects. Even worse, it might automatically update packages used by old projects, preventing old code from working anymore. So it is PRACTICALLY NECESSARY to separate well each project and its dependencies from those of other projects: for this purpose you can create a
so-called virtual environment .


Creating virtual environments


	If you installed Anaconda, to create virtual environments you can use its package manager conda. Supposing we want to call our project myprj (but it could be any name), to put into a folder with the same name myprj, we can use this command to create a virtual environment:

conda create -n myprj





The command might require you to download packages, you can safely confirm.



	If you *don’t have* Anaconda installed, to create virtual environments it’s best to use the native Python module venv:

python3 -m venv myprj









Both methods create the folder myprj and fill it with all required Python files to have a project completely isolated from the rest of the computer. But now, how can we tell Python we want to work right with that project? We must activate the environment as follows.



Activate a virtual environment

To activate the virtual environment, we must use different commands according to our operating system (but always from the terminal)

Activate environment in Windows with Anaconda:

activate myprj





Linux & Mac (without Anaconda):

source myprj/bin/activate





Once the environment is active, in the command prompt we should see the name of that environment (in this case myprj) between round parenthesis at the beginning of the row:

(myprj) some/current/folder >





The prefix lets us know that the environment myprj is currently active, so Python comands we will use all use the settings and libraries of that environment.

Note: inside the virtual environment, we can use the command python instead of python3 and pip instead of pip3

Deactivate an environment:

Write in the console the command deactivate. Once the environment is deactivated, the environment name (myprj) at the beginning of the prompt should disappear.



Executing environments inside Jupyter

As we said before, Jupyter is a system-level application, so there should be one and only one Jupyter. Nevertheless, during Jupyter execution, we might want to execute our Python commands in a particular Python environment. To do so, we must configure Jupyter so to use the desired environment. In Jupyter terminology, the configurations are called kernel: they define the programs launched by Jupyter (be they Python versions or also other languages like R). The current kernel for a notebook is
visibile in the right-upper corner. To select a desired kernel, there are several ways:


With Anaconda

Jupyter should be available in the Navigator. If in the Navigator you enable an environment (like for example Python 3), when you then launch Jupyter and create a notebook you should have the desired environment active, or at least be able to select a kernel with that environment.



Without Anaconda

In this case, the procedure is a little more complex:

— 1 From the terminal þactivate your environment](#Activate-a-virtual-environment)

— 2 Create a Jupyter kernel:

python3 -m ipykernel install --user --name myprj





NOTE: here myprj is the name of the Jupter kernel. We use the same name of the environment only for practical reasons.

— 3 Deactivate your environment, by launching

deactivate





From now on, every time you run Jupyter, if everything went well under the Kernel menu in the notebook you should be able to select the kernel just created (in this example, it should have the name myprj)


NOTE: the passage to create the kernel must be done only once per project




NOTE: you don’t need to activate the environment before running Jupyter!

During the execution of Jupyter simply select the desired kernel. Nevertheless, it is convenient to execute Jupyter from the folder of our virtual environment, so we will see all the project files in the Jupyter home.







Further readings

Go on with the page Tools and scripts [https://en.softpython.org/tools/tools-sol.html] to learn how to use other editors and Python architecture.
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Commandments

The Supreme Committee for the Doctrine of Coding has ruled important Commandments you shall follow.

If you accept their wise words, you shall become a true Python Jedi.


WARNING: if you don’t follow the Commandments, you will end up in Debugging Hell!




I COMMANDMENT



You shall write Python code



Who does not writes Python code, does not learn Python



II COMMANDMENT



Whenever you insert a variable in a for cycle, such variables must be new



If you defined the variable before, you shall not reintroduce it in a for, because doing so might bring confusion in the minds of the readers.

So avoid such sins:


[1]:





i = 7
for i in range(3):  # sin, you lose variable i
    print(i)

print(i)   # prints 2 and not 7  !!













0
1
2
2







[2]:





for i in range(2):

    for i in  range(5):  # debugging hell, you lose the i of external cycle
        print(i)

    print(i)  # prints 4 !!













0
1
2
3
4
4
0
1
2
3
4
4







[3]:





def f(i):
    for i in range(3): # sin, you lose parameter i
        print(i)

    print(i)  # prints 2, not the 7 we passed!

f(7)













0
1
2
2








III COMMANDMENT



You shall never ever reassign function parameters



Never perform any of these assignments, as you risk losing the parameter passed during function call:


[4]:





def sin(my_int):
    my_int = 666            # you lost the 5 passed from external call!
    print(my_int)           # prints 666

x = 5
sin(x)













666






Same reasoning can be applied to all other types:


[5]:





def evil(my_string):
    my_string = "666"








[6]:





def disgrace(my_list):
    my_list = [666]








[7]:





def delirium(my_dict):
    my_dict = {"evil":666}







For the sole case when you have composite parameters like lists or dictionaries, you can write like below IF AND ONLY IF the function description requires to MODIFY the internal elements of the parameter (like for example sorting a list in-place or changing the field of a dictionary.


[8]:





# MODIFY my_list in some way
def allowed(my_list):
    my_list[2] = 9     # OK, function text requires it

outside = [8,5,7]
allowed(outside)
print(outside)













[8, 5, 9]







[9]:





# MODIFY dictionary in some way
def ok(dictionary):
    dictionary["my field"] = 5       # OK, function text requires it








[10]:





# MODIFY instance in some way
def fine(class_instance):
    class_instance.my_field = 7   # OK, function text requires it







On the other hand, if the function requires to RETURN a NEW object, you shall not fall into the temptation of modifying the input:


[11]:






# RETURN a NEW sorted list
def pain(my_list):
    my_list.sort()    # BAD, you are modifying the input list instead of creating a new one!
    return my_list








[12]:





# RETURN a NEW list
def crisis(my_list):
    my_list[0] = 5    # BAD, as above
    return my_list








[13]:





# RETURN a NEW dictionary
def torment(my_dict):
    my_dict['a'] = 6  # BAD, you are modifying the input dictionary instead of creating a new one!
    return my_dict








[14]:





# RETURN a NEW class instance
def desperation(my_instance):
    my_instance.my_field = 6  # BAD, you are modifying the input object
                              #      instead of creating a new one!
    return my_instance









IV COMMANDMENT



You shall never ever reassign values to function calls or methods



WRONG:

my_function() = 666
my_function() = 'evil'
my_function() = [666]





CORRECT:

x = 5
y = my_fun()
z = []
z[0] = 7
d = dict()
d["a"] = 6





Function calls like my_function() return calculations results and store them in a box in memory which is only created for the purposes of the call, and Python will not allow us to reuse it like it were a variabile.

Whenever you see name() in the left part, it cannot be followed by the equality sign = (but it can be followed by two equals sign == if you are doing a comparison).



V COMMANDMENT



You shall never ever redefine system functions



Python has several system defined functions. For example list is a Python type: as such, you can use it for example as a function to convert some type to a list:


[15]:





list("ciao")








[15]:







['c', 'i', 'a', 'o']






When you allow the forces of evil to take the best of you, you might be tempted to use reserved words like list as a variable for you own miserable purposes:


[16]:





list = ['my', 'pitiful', 'list']







Python allows you to do so, but we do not, for the consequences are disastrous.

For example, if you now attempt to use list for its intended purpose like casting to list, it won’t work anymore:

list("ciao")





---------------------------------------------------------------------------
TypeError                                 Traceback (most recent call last)
<ipython-input-4-c63add832213> in <module>()
----> 1 list("ciao")

TypeError: 'list' object is not callable





In particular, we recommend to not redefine these precious functions:


	bool, int,float,tuple,str,list,set,dict


	max, min, sum


	next, iter


	id, dir, vars,help






VI COMMANDMENT



You shall use return command only if you see written RETURN in function description!



If there is no return in function description, the function is intended to return None. In this case you don’t even need to write return None, as Python will do it implicitly for you.



VII COMMANDMENT



You shall also write on paper!



If staring at the monitor doesn’t work, help yourself and draw a representation of the state sof the program. Tables, nodes, arrows, all can help figuring out a solution for the problem.



VIII COMMANDMENT



You shall never ever reassing self !



Never write horrors such as this:


[17]:





class MyClass:
    def my_method(self):
        self = {'my_field':666}    # SIN







Since self is a kind of a dictionary, you might be tempted to write like above, but to external world it will bring no effect.

For example, let’s suppose somebody from outside makes a call like this:


[18]:





mc = MyClass()
mc.my_method()







After the call mc will not point to {'my_field':666}


[19]:





mc








[19]:







<__main__.MyClass at 0x7f4d9423b210>






and will not have my_field:

mc.my_field
---------------------------------------------------------------------------
AttributeError                            Traceback (most recent call last)
<ipython-input-26-5c4e6630908d> in <module>()
----> 1 mc.my_field

AttributeError: 'MyClass' object has no attribute 'my_field'





Following the same reasoning, you shall never reassign self to lists or others things:


[20]:





class MyClass:
    def my_method(self):
        self = ['evil']     # YET ANOTHER SIN
        self = 666          # NO NO NO









IX COMMANDMENT



You shall test!



Untested code does not work by definition. For ideas on how to test it, have a look at Errors and testing [https://en.softpython.org/errors-and-testing/errors-and-testing-sol.ipynb]



X COMMANDMENT



You shall never ever add nor remove elements from a sequence you are iterating with a for !



Falling into such temptations would produce totally unpredictable behaviours (do you know the expression pulling the rug out from under your feet ? )

Do not add, because you risk walking on a tapis roulant that never turns off:

my_list = ['a','b','c','d','e']
for el in my_list:
    my_list.append(el)  # YOU ARE CLOGGING COMPUTER MEMORY





Do not remove, because you risk corrupting the natural order of things:


[21]:





my_list = ['a','b','c','d','e']

for el in my_list:
    my_list.remove(el)   # VERY BAD IDEA







Look at the code. You think we removed eveything, uh?


[22]:





my_list








[22]:







['b', 'd']






O_o' Do not even try to make sense of such sorcery - nobody can, because it is related to Python internal implementation.

Our version of Python gives this absurd result, yours may give another. Same applies for iteration on sets and dictionaries. You are warned.

If you really need to remove stuff from the sequence you are iterating on, use a while cycle [https://en.softpython.org/while/while1-sol.html] or first make a copy of the original sequence.


[ ]:
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Revisions

SoftPython English

https://en.softpython.org


NOTE: Latest news are published at the top of book home



August 11, 2022: added Applications: Database tutorial, fixed some visualization bug in Python Tutor

April 16, 2022: added a lot of worked projects (ported from sciprog course exams)


January 2022: English version is mostly complete and usable as introductory course material



See Github issues [https://github.com/DavidLeoni/softpython-en/issues] for missing parts.

November 4, 2021: restructured relational data, added challenges

October 29, 2021: restructured pandas intro page

October 28, 2021: substituted graph stuff in visualization intro with other exercises

October 15, 2021: added formats challenges, moved graph formats and binary relations to relational data section

October 14, 2021 added functions, matrix lists challenges and mixed structures challenges

October 8, 2021 added for, while, sequences challenges

October 7, 2021: added sets, dictionary, if challenges

October 1, 2021: added lists and tuples challenges

September 30, 2021: added string challenges

September 22, 2021:


	major update, added new exercises and pages


	added worked projects section




October 3, 2020: updated References page


July 2020

Site is online
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References


Foundations of Python Programming

Runestone Academy FOPP [https://runestone.academy/runestone/books/published/fopp/index.html] is a practical free online book with many projects and related ‘hands on’ theory, definitely recommended!

Note on graphics: to make activities more interesting, the book often asks to visualize data with the following libraries:


	turtle is a Python module which was designed really only for didactical purposes. While fun, you will most probably want to try doing the same exercises using a more ‘serious’ library like matplotlib


	cimage: this is a simple image manipulation library, made mostly for didactical purposes: you might want to try numpy and matplotlib instead


	altair is a ‘pro’ library for cool interactive visualizations: we don’t treat altair in this book, you can try it or stick with the good old matplotlib






W3Resources website

Contains many simple exercises on Python basics, do them!


	Basic1 [https://www.w3resource.com/python-exercises/], Basic2 [https://www.w3resource.com/python-exercises/basic/], String [https://www.w3resource.com/python-exercises/string/], List [https://www.w3resource.com/python-exercises/list/], Dictionary [https://www.w3resource.com/python-exercises/dictionary/], Tuple [https://www.w3resource.com/python-exercises/tuple/], Sets [https://www.w3resource.com/python-exercises/sets/], Condition Statements and
Loops [https://www.w3resource.com/python-exercises/python-conditional-statements-and-loop-exercises.php], Functions [https://www.w3resource.com/python-exercises/python-functions-exercises.php],Lambda [https://www.w3resource.com/python-exercises/lambda/index.php], CSV Read Write [https://www.w3resource.com/python-exercises/csv/index.php]






Software Carpentry

Software Carpentry [https://software-carpentry.org/lessons/] is a website full of free educational resources, there is definitely a lot of good stuff to discover. We highlight these exercises (in tutorial format):


	Programming with Python [https://swcarpentry.github.io/python-novice-inflammation/]: Nice tutorial with many exercises about processing a csv with topics: python basics, numpy, csv


	Plotting and programming with Python [https://swcarpentry.github.io/python-novice-gapminder/] More advanced, uses pandas




You may find other stuff in Community Developed Lessons for Jupyter [https://carpentries.org/community-lessons/#jupyter-notebook] and Python [https://carpentries.org/community-lessons/#python]



Edabit

Contains many python exercises [https://edabit.com/challenges/python3] with solutions. Here we put a small selection, for others you may look at ‘Very hard’ level, they are not so hard after all.


Edabit - Basics


	Calculated Bonus [https://edabit.com/challenge/ksiA6Q34iXgTcMeZF]






Edabit - Strings


	First Before Second Letter [https://edabit.com/challenge/D6XfxhRobdQvbKX4v]


	Wrap Around [https://edabit.com/challenge/Q9EkExy6BYLnqBCQB]


	C*ns*r*d Str*ngs [https://edabit.com/challenge/ehyZvt6AJF4rKFfXT]


	Valid Rondo Form [https://edabit.com/challenge/stXWy2iufNhBo9sTW]


	Parenthesis Clusters [https://edabit.com/challenge/Fpymv2HieqEd7ptAq]


	Count Missing Numbers [https://edabit.com/challenge/vBwRuR4mF5yQ4cNuc]


	Math Making [https://edabit.com/challenge/3r7z6pkGnd4u7eZAd]


	To Adjust the Time [https://edabit.com/challenge/YsD3af7LgaH6JRSCH]






Edabit - Lists


	Combined Consecutive Sequence [https://edabit.com/challenge/mHLAmj4vmRuXrT8Nb]


	Prison break [https://edabit.com/challenge/SHdu4GwBQehhDm4xT]


	Water Balloon [https://edabit.com/challenge/3y2FmfjhbiQPPYbcn]


	Fulcrum [https://edabit.com/challenge/pn7QpvW2fW9grvYYE]


	Beginning and End Pairs [https://edabit.com/challenge/HrCuzAKE6skEYgDmf]


	Sort by the Letters [https://edabit.com/challenge/LhMkMu46rG8EweYf7]


	Anonymous Name [https://edabit.com/challenge/MKP8QxzuDaqYAJ6sZ]


	Almost Palindrome [https://edabit.com/challenge/APNhiaMCuRSwALN63]


	Number of Two or More Consecutive Ones [https://edabit.com/challenge/u4rHyBDs5RM2PfNxy]


	Rearrange the Number [https://edabit.com/challenge/jwzAdBnJnBxCe4AXP]






Edabit - Dictionaries


	How Many Unique Styles? [https://edabit.com/challenge/AvP94XqJvPjoMk5PT]


	People Sort [https://edabit.com/challenge/hDT4TR9JAoQ3BPuCH]


	Encoded String Parse [https://edabit.com/challenge/7vN8ZRw43yuWNoy3Y]


	Generating Words from Names [https://edabit.com/challenge/sDvjdcBrbHoXKvDsZ]






Edabit - Matrices


	Tallest Skyscraper [https://edabit.com/challenge/76ibd8jZxvhAwDskb]


	Majority vote [https://edabit.com/challenge/pQavNkBbdmvSMmx5x]


	Make a Box [https://edabit.com/challenge/dy3WWJr34gSGRPLee]


	Advanced List Sort [https://edabit.com/challenge/6vSZmN66xhMRDX8YT]


	Layers in a Rug [https://edabit.com/challenge/LaBMjgbMjf5BajczX], a bit convoluted, but interesting


	Leaderbord Sort [https://edabit.com/challenge/ZsBPGxuBsbbHfPSkk]


	Concert seats [https://edabit.com/challenge/xbjDMxzpFcsAWKp97]


	Word Nests - Part 2 [https://edabit.com/challenge/ZwmfET5azpvBTWoQT]


	Tic Tac Toe [https://edabit.com/challenge/A8gEGRXqMwRWQJvBf]


	Cleaning Project Files [https://edabit.com/challenge/NC888jKPkquSDqaaH]







LeetCode

Website with collections of exercises sorted by difficulty and acceptance rate, quite performance-oriented. You can generally try sorting by Acceptance and Easy filters.


	leetcode.com [https://leetcode.com]




We put here a selection.


LeetCode - Strings

Check string problems [https://leetcode.com/tag/string/] sorted by Acceptance and Easy. In particular:


	Shuffle Strings [https://leetcode.com/problems/shuffle-string/]


	Increasing Decreasing String [https://leetcode.com/problems/increasing-decreasing-string/]


	Detect Capital [https://leetcode.com/problems/detect-capital/description/]


	Unique email addresses [https://leetcode.com/problems/unique-email-addresses/description/]


	Robot return to origin [https://leetcode.com/problems/robot-return-to-origin/description/]


	String matching in an Array [https://leetcode.com/problems/string-matching-in-an-array/]


	Reverse Words in a String III [https://leetcode.com/problems/reverse-words-in-a-string-iii/description/]


	Unique Morse codes [https://leetcode.com/problems/unique-morse-code-words/description/]


	Goat Latin [https://leetcode.com/problems/goat-latin/description/]


	Count Binary Substrings [https://leetcode.com/problems/count-binary-substrings/description/]






LeetCode - Lists

Check array problems [https://leetcode.com/tag/array/] sorted by Acceptance and Easy. In particular:


	Average Salary Excluding the Minimum and Maximum Salary [https://leetcode.com/problems/average-salary-excluding-the-minimum-and-maximum-salary/]


	Contains Duplicate [https://leetcode.com/problems/contains-duplicate/description/]


	Majority Element [https://leetcode.com/problems/majority-element/description/]


	Maximum Gap [https://leetcode.com/problems/maximum-gap/]


	Can Make Arithmetic Progression From Sequence [https://leetcode.com/problems/can-make-arithmetic-progression-from-sequence/]


	Max consecutive ones [https://leetcode.com/problems/max-consecutive-ones/description/]


	Missing number [https://leetcode.com/problems/missing-number/description/] - has many possible solutions


	Move Zeros [https://leetcode.com/problems/move-zeroes/description/]


	K Closest Points to Origin [https://leetcode.com/problems/k-closest-points-to-origin/] (use lambda functions [https://docs.python.org/3/howto/sorting.html#key-functions])


	Rotated Digits [https://leetcode.com/problems/rotated-digits/description/]


	Filter Restaurants by Vegan-Friendly, Price and Distance [https://leetcode.com/problems/filter-restaurants-by-vegan-friendly-price-and-distance/] (to sort use lambda functions [https://docs.python.org/3/howto/sorting.html#key-functions])


	Largest Perimeter Triangle [https://leetcode.com/problems/largest-perimeter-triangle/] hint: you don’t actually need to try many combinations …


	H-Index [https://leetcode.com/problems/h-index/]


	Sort array by parity 1 [https://leetcode.com/problems/sort-array-by-parity/description/]


	Sort array by parity 2 [https://leetcode.com/problems/sort-array-by-parity-ii/]


	Relative sort array [https://leetcode.com/problems/relative-sort-array/]


	Insert Intervals [https://leetcode.com/problems/insert-interval/] (use lambda functions [https://docs.python.org/3/howto/sorting.html#key-functions])


	Merge Intervals [https://leetcode.com/problems/merge-intervals/] (use lambda functions [https://docs.python.org/3/howto/sorting.html#key-functions])


	Sort colors [https://leetcode.com/problems/sort-colors/]


	Find all numbers disappeared in an array [https://leetcode.com/problems/find-all-numbers-disappeared-in-an-array/description/]


	Degree of an array [https://leetcode.com/problems/degree-of-an-array/description/]


	The k Strongest Values in an Array [https://leetcode.com/problems/the-k-strongest-values-in-an-array/] a bit convoluted but doable


	Array partition 1 [https://leetcode.com/problems/array-partition-i/description/] actually a bit hard but makes you think


	Distant Barcodes [https://leetcode.com/problems/distant-barcodes/]


	Reorganize String [https://leetcode.com/problems/reorganize-string/] think first when the task is not possible, for the rest is like previous one






LeetCode - Sets and Dictionaries

Check dictionary problems [https://leetcode.com/problemset/all/?search=dictionaries] sorted by Acceptance and Easy.

Note: Keep in mind these problems are in section dictionaries for good reason: in order to execute fast they often require you to preprocess the data by indexing in it in some way, like i.e. putting strings in a set or as keys in a dicitonary so you can later look them up very fast.

WARNING: if you feel the need to use nested cycles, or search methods on lists/strings like .index, .find, in operator, .count, .replace on strings, try thinking first whether it is really necessary or you might use the above mentioned preprocessing instead.

Check in particular:


	Replace words [https://leetcode.com/problems/replace-words/]


	Word break [https://leetcode.com/problems/word-break/]


	Fair candy swap [https://leetcode.com/problems/fair-candy-swap/]


	Verifying an alien dictionary [https://leetcode.com/problems/verifying-an-alien-dictionary/] Note: you can use lambda functions [https://docs.python.org/3/howto/sorting.html#key-functions], but it is not strictly necessary


	Least Number of Unique Integers after K Removals [https://leetcode.com/problems/least-number-of-unique-integers-after-k-removals/]


	People Whose List of Favorite Companies Is Not a Subset of Another List [https://leetcode.com/problems/people-whose-list-of-favorite-companies-is-not-a-subset-of-another-list/]







LeetCode - Matrices


	Matrix Diagonal Sum [https://leetcode.com/problems/matrix-diagonal-sum/]


	Cells with odd values in a matrix [https://leetcode.com/problems/cells-with-odd-values-in-a-matrix/]


	Count negative numbers in Sorted matrix [https://leetcode.com/problems/count-negative-numbers-in-a-sorted-matrix/]


	Lucky Numbers in a Matrix [https://leetcode.com/problems/lucky-numbers-in-a-matrix/]


	The k-weakest rows in a Matrix [https://leetcode.com/problems/the-k-weakest-rows-in-a-matrix] (use lambda functions [https://docs.python.org/3/howto/sorting.html#key-functions]


	Matrix Cells in Distance Order [https://leetcode.com/problems/matrix-cells-in-distance-order/]


	Toepliz Matrix [https://leetcode.com/problems/toeplitz-matrix/]


	Special Positions in a Binary Matrix [https://leetcode.com/problems/special-positions-in-a-binary-matrix/]


	Reshape the Matrix [https://leetcode.com/problems/reshape-the-matrix/]


	Kth Smallest Element in a Sorted Matrix [https://leetcode.com/problems/kth-smallest-element-in-a-sorted-matrix/] - there are many possible optimizations, you can make a first version using sort on everything, and then think about improving the algorithm


	Set Matrix Zeroes [https://leetcode.com/problems/set-matrix-zeroes/] interesting, try avoiding duplicating the matrix


	Search a 2D Matrix [https://leetcode.com/problems/search-a-2d-matrix/]


	Search a 2D Matrix ii [https://leetcode.com/problems/search-a-2d-matrix-ii/]


	Spiral Matrix [https://leetcode.com/problems/spiral-matrix/]


	Spiral Matrix ii [https://leetcode.com/problems/spiral-matrix-ii/]


	Matrix Block Sum [https://leetcode.com/problems/matrix-block-sum/]


	Sort the Matrix Diagonally [https://leetcode.com/problems/sort-the-matrix-diagonally/] not fun, but doable





Leet code - Graphs

Note: here on softpython we do not put links to exercises about visiting graphs, so for these you do not need stuff like breadth first search, depth first search, etc.


	Find the Town Judge [https://leetcode.com/problems/find-the-town-judge/]


	Maximal Network Rank [https://leetcode.com/problems/maximal-network-rank]







HackerRank

Contains many Python 3 exercises on algorithms and data structures (Needs to login)


	hackerrank.com [https://www.hackerrank.com]






Geeks for Geeks

Contains many exercises - doesn’t have solutions nor explicit asserts but if you login and submit solutions, the system will run some tests serverside and give you a response.

In general for Part A you can filter difficulty by school+basic+easy and if you need to do part B also include medium.


	Example: Filter difficulty by school+basic+easy and topic String [https://practice.geeksforgeeks.org/explore/?category%5B%5D=Strings&difficulty%5B%5D=-2&difficulty%5B%5D=-1&difficulty%5B%5D=0&page=1]




You can select many more topics if you click more>> un der Topic Tags:

[image: immagine.png]



Dive into Python 3

More practical, contains more focused tutorials (i.e. manage XML files)


	online version [http://www.diveintopython3.net/]


	printed [http://www.amazon.com/gp/product/1430224150?ie=UTF8&tag=diveintomark-20&creativeASIN=1430224150]


	zip offline [https://github.com/diveintomark/diveintopython3/zipball/master]


	PDF [https://github.com/downloads/diveintomark/diveintopython3/dive-into-python3.pdf]




Licence: Creative Commons By Share-alike 3.0 [http://creativecommons.org/licenses/by-sa/3.0/] as reported at the bottom of book website [http://www.diveintopython3.net/]



Introduction to Scientific Programming with Python

Focuses on numerical calculations, you can check first 7 chapters until dictionaries.

By Joakim Sundnes.


	PDF [https://link.springer.com/content/pdf/10.1007%2F978-3-030-50356-7.pdf] for Python (only theory)


	Exercises [https://www.uio.no/studier/emner/matnat/ifi/INF1100/h16/ressurser/INF1100_exercises_5th_ed.pdf] – a LOT of stuff, although some exercises are too much into engineering / maths compared to this book


	EXTRA: if you like, it also contains chapters on classes which are certainly useful.
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FOR A SUMMARY READABLE BY HUMANS: https://en.softpython.org/#License
FOR THIRD PARTY RESOURCES, SEE third-party-licences.txt

Creative Commons Attribution 4.0 International Public License

By exercising the Licensed Rights (defined below), You accept and agree to be bound by the terms and conditions of this Creative Commons Attribution 4.0 International Public License (”Public License”). To the extent this Public License may be interpreted as a contract, You are granted the Licensed Rights in consideration of Your acceptance of these terms and conditions, and the Licensor grants You such rights in consideration of benefits the Licensor receives from making the Licensed Material available under these terms and conditions.

Section 1 – Definitions.

Adapted Material means material subject to Copyright and Similar Rights that is derived from or based upon the Licensed Material and in which the Licensed Material is translated, altered, arranged, transformed, or otherwise modified in a manner requiring permission under the Copyright and Similar Rights held by the Licensor. For purposes of this Public License, where the Licensed Material is a musical work, performance, or sound recording, Adapted Material is always produced where the Licensed Material is synched in timed relation with a moving image.
Adapter’s License means the license You apply to Your Copyright and Similar Rights in Your contributions to Adapted Material in accordance with the terms and conditions of this Public License.
Copyright and Similar Rights means copyright and/or similar rights closely related to copyright including, without limitation, performance, broadcast, sound recording, and Sui Generis Database Rights, without regard to how the rights are labeled or categorized. For purposes of this Public License, the rights specified in Section 2(b)(1)-(2) are not Copyright and Similar Rights.
Effective Technological Measures means those measures that, in the absence of proper authority, may not be circumvented under laws fulfilling obligations under Article 11 of the WIPO Copyright Treaty adopted on December 20, 1996, and/or similar international agreements.
Exceptions and Limitations means fair use, fair dealing, and/or any other exception or limitation to Copyright and Similar Rights that applies to Your use of the Licensed Material.
Licensed Material means the artistic or literary work, database, or other material to which the Licensor applied this Public License.
Licensed Rights means the rights granted to You subject to the terms and conditions of this Public License, which are limited to all Copyright and Similar Rights that apply to Your use of the Licensed Material and that the Licensor has authority to license.
Licensor means the individual(s) or entity(ies) granting rights under this Public License.
Share means to provide material to the public by any means or process that requires permission under the Licensed Rights, such as reproduction, public display, public performance, distribution, dissemination, communication, or importation, and to make material available to the public including in ways that members of the public may access the material from a place and at a time individually chosen by them.
Sui Generis Database Rights means rights other than copyright resulting from Directive 96/9/EC of the European Parliament and of the Council of 11 March 1996 on the legal protection of databases, as amended and/or succeeded, as well as other essentially equivalent rights anywhere in the world.
You means the individual or entity exercising the Licensed Rights under this Public License. Your has a corresponding meaning.
Section 2 – Scope.

License grant.
Subject to the terms and conditions of this Public License, the Licensor hereby grants You a worldwide, royalty-free, non-sublicensable, non-exclusive, irrevocable license to exercise the Licensed Rights in the Licensed Material to:
reproduce and Share the Licensed Material, in whole or in part; and
produce, reproduce, and Share Adapted Material.
Exceptions and Limitations. For the avoidance of doubt, where Exceptions and Limitations apply to Your use, this Public License does not apply, and You do not need to comply with its terms and conditions.
Term. The term of this Public License is specified in Section 6(a).
Media and formats; technical modifications allowed. The Licensor authorizes You to exercise the Licensed Rights in all media and formats whether now known or hereafter created, and to make technical modifications necessary to do so. The Licensor waives and/or agrees not to assert any right or authority to forbid You from making technical modifications necessary to exercise the Licensed Rights, including technical modifications necessary to circumvent Effective Technological Measures. For purposes of this Public License, simply making modifications authorized by this Section 2(a)(4) never produces Adapted Material.
Downstream recipients.
Offer from the Licensor – Licensed Material. Every recipient of the Licensed Material automatically receives an offer from the Licensor to exercise the Licensed Rights under the terms and conditions of this Public License.
No downstream restrictions. You may not offer or impose any additional or different terms or conditions on, or apply any Effective Technological Measures to, the Licensed Material if doing so restricts exercise of the Licensed Rights by any recipient of the Licensed Material.
No endorsement. Nothing in this Public License constitutes or may be construed as permission to assert or imply that You are, or that Your use of the Licensed Material is, connected with, or sponsored, endorsed, or granted official status by, the Licensor or others designated to receive attribution as provided in Section 3(a)(1)(A)(i).
Other rights.

Moral rights, such as the right of integrity, are not licensed under this Public License, nor are publicity, privacy, and/or other similar personality rights; however, to the extent possible, the Licensor waives and/or agrees not to assert any such rights held by the Licensor to the limited extent necessary to allow You to exercise the Licensed Rights, but not otherwise.
Patent and trademark rights are not licensed under this Public License.
To the extent possible, the Licensor waives any right to collect royalties from You for the exercise of the Licensed Rights, whether directly or through a collecting society under any voluntary or waivable statutory or compulsory licensing scheme. In all other cases the Licensor expressly reserves any right to collect such royalties.
Section 3 – License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the following conditions.

Attribution.

If You Share the Licensed Material (including in modified form), You must:

retain the following if it is supplied by the Licensor with the Licensed Material:
identification of the creator(s) of the Licensed Material and any others designated to receive attribution, in any reasonable manner requested by the Licensor (including by pseudonym if designated);
a copyright notice;
a notice that refers to this Public License;
a notice that refers to the disclaimer of warranties;
a URI or hyperlink to the Licensed Material to the extent reasonably practicable;
indicate if You modified the Licensed Material and retain an indication of any previous modifications; and
indicate the Licensed Material is licensed under this Public License, and include the text of, or the URI or hyperlink to, this Public License.
You may satisfy the conditions in Section 3(a)(1) in any reasonable manner based on the medium, means, and context in which You Share the Licensed Material. For example, it may be reasonable to satisfy the conditions by providing a URI or hyperlink to a resource that includes the required information.
If requested by the Licensor, You must remove any of the information required by Section 3(a)(1)(A) to the extent reasonably practicable.
If You Share Adapted Material You produce, the Adapter’s License You apply must not prevent recipients of the Adapted Material from complying with this Public License.
Section 4 – Sui Generis Database Rights.

Where the Licensed Rights include Sui Generis Database Rights that apply to Your use of the Licensed Material:

for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse, reproduce, and Share all or a substantial portion of the contents of the database;
if You include all or a substantial portion of the database contents in a database in which You have Sui Generis Database Rights, then the database in which You have Sui Generis Database Rights (but not its individual contents) is Adapted Material; and
You must comply with the conditions in Section 3(a) if You Share all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not replace Your obligations under this Public License where the Licensed Rights include other Copyright and Similar Rights.
Section 5 – Disclaimer of Warranties and Limitation of Liability.

Unless otherwise separately undertaken by the Licensor, to the extent possible, the Licensor offers the Licensed Material as-is and as-available, and makes no representations or warranties of any kind concerning the Licensed Material, whether express, implied, statutory, or other. This includes, without limitation, warranties of title, merchantability, fitness for a particular purpose, non-infringement, absence of latent or other defects, accuracy, or the presence or absence of errors, whether or not known or discoverable. Where disclaimers of warranties are not allowed in full or in part, this disclaimer may not apply to You.
To the extent possible, in no event will the Licensor be liable to You on any legal theory (including, without limitation, negligence) or otherwise for any direct, special, indirect, incidental, consequential, punitive, exemplary, or other losses, costs, expenses, or damages arising out of this Public License or use of the Licensed Material, even if the Licensor has been advised of the possibility of such losses, costs, expenses, or damages. Where a limitation of liability is not allowed in full or in part, this limitation may not apply to You.
The disclaimer of warranties and limitation of liability provided above shall be interpreted in a manner that, to the extent possible, most closely approximates an absolute disclaimer and waiver of all liability.
Section 6 – Term and Termination.

This Public License applies for the term of the Copyright and Similar Rights licensed here. However, if You fail to comply with this Public License, then Your rights under this Public License terminate automatically.
Where Your right to use the Licensed Material has terminated under Section 6(a), it reinstates:

automatically as of the date the violation is cured, provided it is cured within 30 days of Your discovery of the violation; or
upon express reinstatement by the Licensor.
For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor may have to seek remedies for Your violations of this Public License.
For the avoidance of doubt, the Licensor may also offer the Licensed Material under separate terms or conditions or stop distributing the Licensed Material at any time; however, doing so will not terminate this Public License.
Sections 1, 5, 6, 7, and 8 survive termination of this Public License.
Section 7 – Other Terms and Conditions.

The Licensor shall not be bound by any additional or different terms or conditions communicated by You unless expressly agreed.
Any arrangements, understandings, or agreements regarding the Licensed Material not stated herein are separate from and independent of the terms and conditions of this Public License.
Section 8 – Interpretation.

For the avoidance of doubt, this Public License does not, and shall not be interpreted to, reduce, limit, restrict, or impose conditions on any use of the Licensed Material that could lawfully be made without permission under this Public License.
To the extent possible, if any provision of this Public License is deemed unenforceable, it shall be automatically reformed to the minimum extent necessary to make it enforceable. If the provision cannot be reformed, it shall be severed from this Public License without affecting the enforceability of the remaining terms and conditions.
No term or condition of this Public License will be waived and no failure to comply consented to unless expressly agreed to by the Licensor.
Nothing in this Public License constitutes or may be interpreted as a limitation upon, or waiver of, any privileges and immunities that apply to the Licensor or You, including from the legal processes of any jurisdiction or authority.
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	Helmet Roman PNG Icon, License: CC0, taken from: https://www.pngrepo.com/svg/267172/helmet-roman
Used in: Lists 2, Glory to gladiators exercise https://en.softpython.org/lists/lists2-sol.html#Exercise—Glory-to-Gladiators!


	Cow Animals PNG Icon, License: CC0  taken from: https://www.pngrepo.com/svg/176700/cow-animals
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