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Introduction


If you are picking up this book, it is because you want to level up the quality of the code you are producing. Regardless of the background and what type of work you are trying to achieve, testing is a prime indicator of solid software practices. From students to data scientists and programmers, testing is a core value that should be practiced, enhanced, and maintained throughout. When testing is part of a project, it means that the code is brief enough that it can easily accept inputs to ensure the outputs meet expectations. On the other hand, when it is hard, it indicates that code is fragile, and a refactoring should take place.


Testing is here to help you write better software, enhance your confidence, and make it easier to maintain.


This book is using a method called Lean Publishing, which allows us to write the book and release it before it finishes. Are you seeing that some chapters are missing? We are committed in finishing it, and keep updating it until it is done. One complete, we are going to ensure that the versions are up to date, and everything is still working.


Why test at all?


When there are no tests, there is no way to ensure that changes aren’t breaking other assumptions. Applications that start small don’t necessarily mean that they will stay that way; when they grow without tests, it creates a big problem: no one will want to make changes to avoid breakage. Even in the smallest applications, having some validation that things are working as expected is a good idea.


The “Broken Windows Theory” explains that when there are visible signs of violence or civil disorder, it encourages more crime, creating a vicious cycle. This theory also has a parallel in software. A very long function will get longer and harder to maintain. Tests are the medicine - it forces complicated code to be more granular and more comfortable to read and keep because that, in turn, makes it easier to test!


Writing tests may feel like a tedious chore, that might not give immediate satisfaction, but like most good foundations, the result is robustness and confidence. A week after touching a software project, you might not quite remember what that function was supposed to do when receiving an empty list. Changes to software are a given, and without something to confirm that everything is still working as intended, breakage will occur.


Someone once mentioned “I’d rather add some tests than receive a call from an angry customer”. Let’s not wait until customers (or users!) find out about failures that don’t need to exist.


Leveling up from simple scripts to robust implementations


There is always a struggle between advancing a software project and (seemingly) slowing down to write tests. If you are coming from writing short snippets on an interactive shell, like Jupyter Notebooks or small scripts, this struggle will feel stronger. Throughout the process, though, you will be doing some testing regardless. For example, if you are writing a command-line tool, and you are implementing a new option, then you will probably end up in the terminal trying out that unique option to see if it does what you are expecting. The problem is that the workflow doesn’t scale beyond one or two flags, and it is error-prone. The best solution is to have a good set of tests that can run almost instantly and reassure you that everything is working great.


Python, Pytest, Tox supported versions in this book


This book works to fully support a range of Python, Pytest, and Tox versions. And we are committed to ensuring the examples work correctly with an automated test suite.


The supported versions in this book are:



  	Python: Versions 3.6 and newer (including 3.8 as of this writing!)

  	Pytest: Major version 5 (most examples use 5.3.2)

  	Tox: Major Version 3 (most patterns use 3.14)




About the cover


What you see on the cover of this book is Moray, an essential Incan site. Archeologists think this works as a testing laboratory for crops. The differences in the rings are significant enough in temperature, as well as sunlight and altitude, that the Incas could better understand ideal conditions for different crops. The analogy here is perfect; the importance of testing and ensuring things are in its optimum state, is excellent.











  
Chapter 1: Configuring the environment



  Noah Gift



Creating a local development environment that is simple, repeatable, and powerful is an essential first step to developing a testable software project.  This technique is also a skill that translates to any future software development project.


Setting up and using Git


Source control is a mandatory part of any professional software project.  There are many types of version control available including subversion, mercurial and git.  The most popular of these is git.


Git can be standalone, or as part of a hosted solution.  Two popular solutions for hosting git projects include:  Github and Gitlab.


Setup and use Github


To set up and use Github, you need a Github account and internet access.  The minimal steps to start are:


1.  Create a repository, for example, hello.
2.  Add an SSH key to your Github account.
3.  Clone the repository locally, for example:




  Clone a repo
  git clone git@github.com:paiml/hello.git






4.  Create a change and push it.  This process would be an example of a good first change (inside the cloned repo).




  Clone a repo
  echo "# hello" >> README.md
git add README.md
git commit -m "adding name of repo to README"
git push







Setting up and using Virtualenv


Surprise, the Python standard library includes a module called venv. A virtual environment solves a significant problem in Python.  It isolates the Python interpreter to a specific directory. In this example, a virtual environment works in a user’s home directory.




  Create Hello World Virtual Environment in Python
  python3 -m venv ~/.hello







To use this “virtual environment,” it needs to be activated.




  Activate Hello World Virtual Environment in Python
  source  ~/.hello/bin/activate







Using a repeatable convention to create virtual environments


Conventions are a powerful way to simplify complex software engineering tasks in a series of easy to remember steps.  A convention-based workflow with virtual environments can also dramatically simplify using them.  Here is a simple convention to use:


1.  Create a virtual environment with a ~/.[reponame] format


This process removes the decision about where to put the virtual environment and what to name it.  If your git repository is called hello, then you would run the following command:




  
  python3 -m venv ~/.hello







Note that the . makes the virtual environment invisible.  This process will prevent your home directory overflowing with virtual environments when you open it in a GUI or list the contents with ls -l.


2.  Create an alias in your Bash or ZSH environment.


With ZSH, the config file to edit would be ~/.zshrc in Bash, it would be ~/.bashrc.  Inside of this config file add the following:




  Create an alias for Git repo and virtual environment
  ## Hello repo
alias hello="cd ~/hello && source ~/.hello/bin/activate"







The next time you open your default shell, this alias will be available.  Here is an example of what this workflow looks like on my ZSH environment, which uses a package called oh-my-zsh.




  Use alias that performs cd and activates hello virtual environment
  ➜ hello
(.hello) ➜  hello git:(master)
(.hello) ➜  hello git:(master) which python
/Users/noahgift/.hello/bin/python







This convention-based workflow, if followed, makes a tedious and error-prone process easy to remember.


Installing packages and dependencies


There are several strategies available to install packages and dependencies.  These are pip, conda and docker format containers.  The most common is pip.  Let’s focus on that.


There is a convention to use with pip that will make you more productive.


1.  Always use pip inside a virtual environment or a container.


Let’s walk through a few scenarios:



  	
Scenario A:  If you are using Google Colab notebooks, doing a pip install is fine since it is running in a container behind the scenes.  Additionally, this is a managed environment designed for Python development, and the libraries are up to date for you.  This notebook is a unique but useful environment.  You could install it as follows:  !pip install pandas.  The ! allows shell commands to run in a Jupyter notebook.

  	
Scenario B: If you provision an AWS Cloud9 development environment, this first thing you should do is create a virtual environment before you begin work.  The native Amazon Linux or Ubuntu operating system needs to be isolated from what you want to do for a particular development task.

  	
Scenario C: If you are developing a new project on your laptop, say an OS X laptop, you should use a virtual environment.  This process will isolate your project from whatever installation occurs on the system.




2.  In a new project, use a requirements.txt file.  If the project deploys somewhere, it is a best practice to freeze the currently installed versions:  pip freeze > requirements.txt and then install using pip install -r requirements.txt.


3.  Run make install with pip.  This snippet is an example of Makefile.




  Makefile contents
  install:
    pip install --upgrade pip &&\
        pip install -r requirements.txt







If this convention follows on all projects, it dramatically reduces the chance something will go wrong in installing software with pip.  Additionally, there is little to remember to install software; a user runs make install.


Setup Visual Code code


Having a reliable source code editor can dramatically improve the efficiency of software development.  The Visual Studio Code is one of the most popular editors for Python projects for a reason, it works!  These are the steps to installing and using the Visual Studio Code toolkit.


1.  Download the version for your platform.


Visual Studio Code has a version that works for Windows, Linux (Debian, Ubuntu, Red Hat, Fedora, and SUSE) and OS X.  This is a significant advantage off the bat.  You can use the same editor for any operating system.



  	Install the Visual Studio Code Python extension.





  
    [image: ]
    Python Visual Studio Code Extension
  




3. Install the correct Python interpreter for your operating system.  This interpreter should be higher than Python 3.7 or later.



  	If you are on Windows, you can install from the official Python Windows page.

  	If you are on OS X, you should do a brew install python3.  You should NOT use the install Python that comes with OS X.  You will need to install Homebrew if you haven’t installed it.  Note you can also upgrade the version of Python by using brew upgrade python.







  brew upgrade example
  (.tip) > brew upgrade python
==> Upgrading 1 outdated package:
python 3.7.5 -> 3.7.6_1
==> Upgrading python
Warning: Building python from source:
  The bottle needs the Apple Command Line Tools to be installed.
  You can install them, if desired, with:
    xcode-select --install








  	If you are on Linux, you may want to upgrade to a specific version of Python using the native package management system.  If pip  needs to install, you can install it with get-pip.py.




4.  Use the virtual environment setup instructions described early in the chapter to activate a virtual environment.  Next, launch visual studio code inside the activated environment:  code ..  This step will start Visual Studio code within your virtual environment. Note, it is essential to double-check that Visual Studio Code has the correct interpreter.  It toggles as shown.



  
    [image: ]
    Python interpreter
  




Also, note that this same interpreter can be selected to test the code as shown.


  
    [image: ]
    Python interpreter
  




Here is the example code for you to test on your own.  Paste parts of the code to see how linting, syntax highlighting, and auto-completion works.



  A Hello World Function to Try in Visual Studio code
   def say():
    """A simple function"""
    print("hello")

say()







Setup and use Vim


A kitchen has many types of knives.  There is a steak knife to cut food like a steak while eating.  There is a Chef’s Knife that may be very high quality, large and expensive.  Its use is for tasks the require power, like chopping an onion.  A paring knife solves problems of precision.  One example use case of a paring knife is to peel a tomato.


Likewise, vim, the editor serves a particular purpose.  It is an editor that is ubiquitous, and it makes many tasks simple to solve.  Every developer needs a little vim in their software kitchen.


Install Vim


The vim program preinstalls on many machines.  If vim is not available, you refer to the download instructions from the official vim website.


Use Vim


Mastering vim can take years, but there is a minimalistic approach to be effective immediately.  This process is a convention to follow:



  	Create a file:  touch somefile.py


  	Edit the file in vim:  vim somefile.py





  
    [image: ]
    Create file
  



3. Switch to “insert mode” by pressing the key i.  You will start in ‘normal’ mode.


  
    [image: ]
    Insert mode
  



4. Edit the file.


  
    [image: ]
    Edit file
  



5. Save the file by pressing Escape key and typing: :wq.


  
    [image: ]
    Save
  



6. Run the file.


  
    [image: ]
    Create file
  




If you get yourself in a mode that seems to be confusing, often the best way out is to press the Escape key.  This step is the best way to solidify this knowledge; to do this workflow many times on many different types of machines.  It will cement the learning.


Later feel free to get more advanced and learn new vim tricks, but first master the basics, and this will add an entirely new capability that will open up many workflows.


Setup Makefile


Just like vim, mastering Makefiles can take years, but a minimalistic approach provides immediate benefits.  The main advantage of a Makefile is the ability to enforce a convention. If every time you work a project, you follow a few simple steps, it reduces the possibility of errors in building and testing a project.


A typical Python project improves by adding a Makefile with the following steps:  make setup, make install, make test, make lint and make all.




  Example Makefile
  setup:
    python3 -m venv ~/.myrepo

install:
    pip install --upgrade pip &&\
        pip install -r requirements.txt

test:
    python -m pytest -vv --cov=myrepolib tests/*.py
    python -m pytest --nbval notebook.ipynb


lint:
    pylint --disable=R,C myrepolib cli web

all: install lint test







This example is from a tutorial repository called myrepo.  There is also an article about how to use it from CircleCI.



        
        View this video at https://www.youtube.com/watch?v=xYX7n5bZw-w

        Data Science Build Systems


The general idea is that a convention eliminates the need to think about what to do.  For every project, there is a common way to install software, a common way to test software, and a common way to test and lint software.  Just like vim, a Makefile build system is often already on a Unix or Linux system.  Even Microsoft uses the Linux operating system in Azure, and the result is that Linux is the preferred deployment target for most software.


Extending a Makefile for use with Docker Containers


Beyond the simple Makefile, it is also useful to extend it to do other things.  An example of this is as follows:




  Example Makefile for Docker and Circleci
  setup:
    python3 -m venv ~/.container-revolution-devops

install:
    pip install --upgrade pip &&\
        pip install -r requirements.txt

test:
    #python -m pytest -vv --cov=myrepolib tests/*.py
    #python -m pytest --nbval notebook.ipynb

validate-circleci:
    # See https://circleci.com/docs/2.0/local-cli/#processing-a-config
    circleci config process .circleci/config.yml

run-circleci-local:
    # See https://circleci.com/docs/2.0/local-cli/#running-a-job
    circleci local execute

lint:
    hadolint demos/flask-sklearn/Dockerfile
    pylint --disable=R,C,W1203,W1202 demos/**/**.py

all: install lint test







A Dockerfile linter is called hadolint checks for bugs in a Dockerfile.  A local version of the CircleCI build system allows for testing in the same environment as the SaaS offering.  The minimalism is still present:  make install, make lint and make test, but the lint step is complete and authoritative with the inclusion of Dockerfile as well as Python linting.


Notes about installing hadolint and circleci:  If you are on OS X you can brew install hadolint if you are on another platform follow the instructions from hadolint/  To install the local version of circleci on OS X or Linux you can run curl -fLSs https://circle.ci/cli | bash or follow the official instructions for local version of the CircleCI build system 


Setup and Use ZSH/Bash


The shell environment of Bash or ZSH is a given for working with Python.  As discussed previously, most deployment targets are now Linux.  With the widespread adoption of containers, even Windows is now a Linux target.  What is the format for authoring Dockerfiles?  The format is largely Bash Commands. Additionally, Bash and ZSH are largely compatible with a few small differences.


Use oh-my-zsh

Let’s focus mainly on ZSH through the use of an open-source framework for ZSH called Oh My Zsh.  The way to install it via the following command:




  
   sh -c "$(curl -fsSL https://raw.github.com/ohmyzsh/ohmyzsh/master/tools/install.sh)"







After installation, you will get many convenient features:  automatic cd (you don’t need to type anymore), enhanced shell completion, and environment context recognition.  Notice the zsh prompt I am using the write the book.




  
  (.tip) >  testing-in-python-book git:(chapter1) ✗







The oh-my-zsh plugins allow for automatic recognition of the Python Virtual Environment as well as the fact that I am in a git repository and what branch I have.


Using Cloud-based development environments


Just as many environments are Linux, it is also true that most deployment environments are in the cloud.  Three of the largest cloud providers are:  AWS, Azure and GCP.  To write software that deploys on Cloud Computing environments, it often makes more sense to write, test, and build code in cloud-specific development environments.   Let’s discuss two of these environments.


AWS Cloud9


The AWS Cloud9 Environment is an IDE that allows a user to write, run, and debug code (including serverless code in Python) in the AWS cloud.  This step simplifies many workflows, including security and network bandwidth.  You can watch a walkthrough video here that creates a new AWS Cloud9 environment.  



        
        View this video at https://www.youtube.com/watch?v=4SIFF1PAMbw

        Setup CI Pipeline with AWS Cloud9 and CircleCI


GCP Cloud Shell


The GCP Cloud Shell environment allows a user to develop software directly inside of the GCP ecosystem.  This step is completely free and provides for many simplifications of cloud-based development tasks.











  
Chapter 2: Testing Conventions



  Alfredo Deza



There are specific unwritten rules for testing in Python that are followed by most projects and are supported by tooling. Most tooling (like test runners) allows you to configure them to adapt to whatever structure you want, but understanding the conventions makes it easier for the tools and project collaborators. The least amount of surprises, the better!


In this chapter, I go into details on file layouts, directories, and naming conventions. Test runners like pytest benefit from these conventions for automatic discovery, which is how tests are found and later executed.


The first time I found myself writing tests for a small script I created, I wasn’t entirely sure where to place them and if I needed any structure at all. Because I didn’t follow any conventions, tests wouldn’t run unless I explicitly pointed the tool to a file, and even then, some tests were skipped. It was a frustrating experience that didn’t help me get into the habit of writing more tests.


Directories


Python projects can place the tests directory either inside of the project or at the top level. There are caveats in both, but I usually recommend placing the tests directory inside the project. This is how a typical package structure looks like:




  
  .
├── setup.py
└── skeleton
    ├── __init__.py
    └── tests
        ├── __init__.py
        └── test_units.py

2 directories, 4 files







In this case, the tests directory is a sub-directory of the skeleton project.



  
  Do not use the singular test directory name because it overrides Python’s test module. It is best practice to avoid overwriting built-in modules since it may create a problem that is hard to debug when it happens. I recommend using tests.




The skeleton example project doesn’t have any modules or sub-modules at all. If it did, it is nice to see the layout of the tests mimic that of the project. For example, if the module skeleton/api.py existed, it would be nice to find a tests/test_api.py file. This isn’t required, but it makes it easier to understand where things are and to what place in the code it correlates to. For sub-directories and other modules, a similar convention is followed. For example, if skeleton/utilities/system.py existed, the test file for system.py would exist in tests/utilities/test_system.py.


Having a convention and following an ordering removes the guesswork, and allows you and contributors to make progress, rather than running grep to find out where a particular module is tested or spend time trying to figure out where to place tests for a new module.


Another step in the tests directory layout is if different types of tests are added. Usually, small projects tend to have unit tests but if the project is something that may require functional tests (for example an API exposed over HTTP) then separating the tests within their sub-directories makes sense:




  
  .
├── setup.py
└── skeleton
    ├── __init__.py
    └── tests
        ├── functional
        │   └── __init__.py
        ├── __init__.py
        └── unit
            └── __init__.py

4 directories, 5 files







In this case, it adds two directories, one is functional, and the other one is unit. Functional testing is usually more involved and requires lots of different extras to run, so it makes sense to separate them from the more straightforward (more granular) unit tests.


Using a tests directory is not required for collection, but it is good practice as it keeps same-purpose files together (test files in the tests directory!).


Tests outside of the package


Having the tests directory outside of the package has the benefit of being able to test without having to install the package itself. If you aren’t familiar with Python packaging, this means that a package that does not have a setup.py or setup.cfg with packaging configuration can still be tested if the test runner executes from the top directory. This is possible because Python puts the current working directory in sys.path which in turn, allows importing modules at that level.


For example, this project doesn’t have a setup.py file, so you can’t install it with standard Python tooling:




  
  .
├── tests
│   └── test_import.py
└── uninstallable
    └── __init__.py

2 directories, 2 files







The single import test that checks if the module imports without trouble looks like this:




  
  def test_imports_uninstallable():
    import uninstallable







Running from the top-level directory, the test runner picks up the uninstallable module, but only if executed from that place and only if done by executing the test runner with Python:




  
  python -m pytest -v
[...]
collected 1 item

tests/test_import.py::test_imports_uninstallable PASSED                 [100%]

============================== 1 passed in 0.01s ==============================







If the test runner executes from within the tests directory, it fails:




  
  python -m pytest -v
[...]
collected 1 item

test_import.py::test_imports_uninstallable FAILED                       [100%]

================================== FAILURES ===================================
_________________________ test_imports_uninstallable __________________________

    def test_imports_uninstallable():
>       import uninstallable
E       ModuleNotFoundError: No module named 'uninstallable'

test_import.py:3: ModuleNotFoundError
============================== 1 failed in 0.03s ==============================







I tend to run tests from different places and dislike having to be tied to run tooling from a specific place, but if a package is not installable, this would have to be the way to work with.


Tests inside of the package


My preference is to have the tests directory inside the package. This is not always possible, however, and in cases like in the previous section where a package is not installable with standard Python tooling, it forces you to move them to the top level.


Some developers prefer to distribute their tests as part of the package itself, so that makes a compelling argument for having them all inside the package. If there aren’t any extensive functional tests that require lots of different files (a typical case for highly functional tests), then it is OK to have the tests directory inside the package. As you will see in many sections of this book, the critical aspect here is to be consistent, follow conventions, and keep up the order and cleanliness.


Files


By using tests as the directory name, you are one step closer to automatic detection and collection. The next step is following another convention for naming files. Files should be prefixed with test_ so that they can be collected. The prefix has to include the underscore; without it, a test runner will skip it.


If you are trying out these conventions in the terminal, you might be surprised to see nothing gets picked up yet. This is because it isn’t enough to have a tests directory with a test_example.py file in it. You also need actual tests! And those tests, depending on what they are, also have other conventions that must be followed.


It is also possible to use a less popular convention for files, which is the _test.py suffix. This is relatively uncommon to see in Python projects, but pytest (our recommended test runner) supports it. Other tools may have support for different conventions, but following these recommendations ensures that your tests work regardless of tooling.


Functions, Classes, and test methods


When testing, it is possible to create tests that are functions, or test methods (which belong to a class). Test functions, as well as test methods, need to be prefixed with test. I prefer to include an underscore, which is still valid for test collection as it helps readability. This is an example of a test function that verifies using a float which gives expected results:




  
  def test_passing_a_float():
    result = util.str_to_int('1.99')
    assert result == 1







The function is ensuring that the str_to_int function that lives in the util module of the package takes a string that contains a float, and it correctly returns an integer. The internals of that utility doesn’t matter here, but by using underscores, it makes it easier to read.


If writing tests in classes, these need to be prefixed with Test (note how it’s capitalized). Within the class, test methods need to follow the same convention as test functions: names need to be prefixed with test. If the previous example moves inside a class, it looks like this:




  
  class TestFloat():

    def test_passing_a_float(self):
        result = util.str_to_int('1.99')
        assert result == 1







Not very different from just a plain function except for being inside a class that has a name prefixed with Test.


For simple modules or functions, it can be enough to use functions for testing. If you have never written tests, I encourage you to start with test functions (not classes!) and slowly transition to classes when needed. Being able to use functions for testing is one of the best arguments to use a tool like pytest to run tests. Python’s standard library uses the unittest module, which forces you to use classes through inheritance. Having to use (and understand) class inheritance to write tests, regardless of how simple they might be, is a problem; writing tests should be as easy as possible, and tooling should not get in the way.


Special test class methods


Aside from test naming conventions, there are other special names that you should be aware of when using classes. These names should be considered reserved, and should only be used for their intended purpose. These are all the special methods:



  	
setup : This method allows to provide attributes or anything else that is used by tests. By convention, it is called once before every test method in the class is executed. If lots of tests are using some sample data, it can be defined once here instead of having it referenced over and over in every single test method.

  	
teardown : This method allows to perform any cleanup actions needed by tests. Just like the setup method, it gets called once, but after every test method in the class is executed. For example, if a test is always leaving behind artifacts like files that shouldn’t be present, this special method could remove them, so that the next test doesn’t have a polluted environment.

  	
setupclass : Similar to setup, but instead of running before every test is executed it runs once before starting a test in a class.

  	
teardownclass : This method runs once after all tests in the class have been executed.




If you are wondering why __init__ is not mentioned in this list, it is because you should not have one for test classes. Historically, unittest.TestCase (Python’s standard library for testing) didn’t have them, and it relied on setup and teardown class methods, and tools like pytest skips collection of test classes if it detects an __init__ method in them.


Utilities in classes


If you are using a class to group together a few tests, and you find that there is some repetitive action you need, then you have a couple of options depending on what you want. For example, if you are dealing with a very long string that needs to change one or two items, it is probably fine to define it as part of the setup method. This test method is a good example:




  
      def test_all_osds_are_up_and_in(self, node, host):
        cmd = "sudo ceph --cluster={cluster} --connect-timeout 5 \
        --keyring /var/lib/ceph/bootstrap-osd/{cluster}.keyring \
        -n client.bootstrap-osd osd tree -f json".format(cluster="ceph")
        output = json.loads(host.check_output(cmd))
        assert node["num_osds"] == 1







The cmd variable is very long. If other tests are doing other assertions for differences in the command, then this sort of repetitive addition in the tests is not going to be good. As soon as more than one test is using the same long string, changing a couple of things in it, it is time to extract it into the setup method. Extracting it looks like this:




  
  class TestFunctionalOSDS:

    def setup(self):
        self.cmd = "sudo ceph --cluster={cluster} --connect-timeout 5 \
        --keyring /var/lib/ceph/bootstrap-osd/{cluster}.keyring \
        -n client.bootstrap-osd osd tree -f json"

    def test_all_osds_are_up_and_in(self, node, host):
        cmd = self.cmd.format(cluster="ceph")
        output = json.loads(host.check_output(cmd))
        assert node["num_osds"] == 1







If what you are looking for is more behavioral, like something a function would do better, then extracting that into a utility method is the way to go. Utility methods are more straightforward than what they sound like. All that is needed is to create a method with the behavior needed and avoid prefixing it with test_. Now the method can be used everywhere, with optional parameters.


In a different test suite, I find that some tests keep comparing the result of an exception by calling __str__() which might be fine, except I think it could be improved. This is how that class looks like:




  
  class TestInvalid(object):

    def test_include_the_path_in_str(self):
        error = exceptions.Invalid('key', ['path'])
        assert 'path' in error.__str__()

    def test_include_the_key_in_str(self):
        error = exceptions.Invalid('key', ['path'])
        assert 'key' in error.__str__()







Extract the repetitive parts, and make it look cleaner with a utility method (also called helper method):




  
  class TestInvalid(object):

    def create_error(self, path_items):
        error = exceptions.Invalid('key', path_items)
        return error.__str__()

    def test_include_the_path_in_str(self):
        error = self.create_error(['path'])
        assert 'path' in error

    def test_include_the_key_in_str(self):
        error = self.create_error(['path'])
        assert 'key' in error







By introducing the create_error utility, the repetitive behavior of introspecting the exception’s magic __str__ method moves elsewhere, and tests become much more straightforward. This type of extraction and refactoring makes the test suite cleaner and easier to read. When different behavior is needed, it can either be added to the utility or, if too complicated, create a new class.


That is the key to lots of testing guidelines in this chapter: if it gets too complicated and unreadable, it is time to extract, refactor, and group tests differently. There is no need to pile up tests in the same class unless they are all testing a similar component, and they can share some utility or unique setup (or teardown) method.


Good naming patterns


A while ago, I was working in a rather large engineering group. It was about thirty engineers working together on a content management system (CMS), probably the largest monolithic application I’ve ever been a part of. The test suite for the project was extensive, and because the team was large, it had different styles and conventions, which made it hard to grasp where to add new tests or find existing ones.


One particular problem with the test suite is that it had many tests that weren’t descriptive of what the test was about, and it had several (sometimes more than half a dozen!) assertions. Let’s assume that the application has some tests that validate responses from a remote API over HTTP. This is how a bad test would look like:




  
  class TestAPI:

    def test_simple(self):
        response = requests.get(
            'https://example.com/api/',
             allow_redirects=True
        )
        json = response.json()
        assert response.code == 200
        assert json['message'] == "OK"
        assert json['error'] == None
        assert response.url == 'http://api.example.com'







The test is not very good because when it fails, the first thing you are going to see is that test_simple failed in the TestAPI class. What does that mean? If the class is testing many different types of requests like GET, POST, and HEAD then it is impossible to tell what this test is about. Grouping tests by its similarities allows better naming. In this case, we are dealing with a class, but this is applicable to file names and directory structure. Let’s improve this test:




  
  class TestAPIGetRequests:

    def test_is_redirected(self):
        response = requests.get(
            'https://example.com/api/',
             allow_redirects=True
        )
        json = response.json()
        assert response.code == 200
        assert json['message'] == "OK"
        assert json['error'] == None
        assert response.url == 'http://api.example.com'







With the name change, a failure would now indicate that the TestAPIGetRequests class had a failure in the test_is_redirected test. It is now clear that a redirect fails on GET requests to the API. This is much better, and it is a core principle of writing good tests: when it fails, it should not take much effort to understand what expectation is failing. The test is still suffering from another common problem: it is asserting to many different things.


Asserting many different things in a single test is a problem because the first assertion that fails prevents other assertions from being executed. If the code before the assertions has any issue, then none of the other assertions gets touched. Finally, and probably worse for the developer that has to fix this failing test: once you fix the failing assertion, you might find the next assertion in the test fails, robbing the developer the assurance that the fixes are making progress. Let’s improve the test once more:




  
  class TestAPIGetRequests:

    def test_is_redirected(self):
        response = requests.get(
            'https://example.com/api/',
             allow_redirects=True
        )
        assert response.url == 'http://api.example.com'

    def test_base_url_responds(self):
        response = requests.get(
            'https://example.com/api/',
             allow_redirects=False
        )
        assert response.code == 200

    def test_ok_json_message(self):
        response = requests.get(
            'https://api.example.com/',
             allow_redirects=False
        )
        json = response.json()
        assert json['message'] == "OK"
        assert json['error'] == None







At first glance, the three tests might look repetitive, and I even left two assertions in the last test instead of separating them further into another test.


Even though they look repetitive and, to some extent, they are, it provides excellent granularity and good naming convention that hints what the test is about. If the test_base_url_responds fails because the redirect is not being followed, then that is something that doesn’t have anything to do with checking JSON messages in the response. If you look closely, the last test is going directly to the API URL, avoiding the redirect path. If the tests weren’t separated like this as in the first example, it wouldn’t be evident if the failure is that the JSON is unexpected, invalid, or if the redirect doesn’t work.


In some cases, it is perfectly fine to group assertions like I did in the last test. In this case, the message should be "OK", and error should always be None. The test is still distinct enough that goes to the point: it is focusing only on the JSON response when everything is "OK".











  
Chapter 3: Introduction to Pytest



  Alfredo Deza



I remember when I started writing tests to be confused on how to run them. At the time, a project called nose was what everyone used, and it is what I ended up picking up. It still required one to use Python’s unit test library, which forces one to use classes and inheritance for tests. I was starting with Python and didn’t have a good grasp on classes, let alone on inheritance! The experience wasn’t great; I dreaded writing tests.


At some point, I found myself having some issue in a test that forced me to try out the Pytest project to check if it was a problem in my code or a problem with the test runner. Pytest didn’t have any issues, and I found the output and experience so lovely that I kept using it. A few years into that, the Nose project stopped being actively maintained, and Pytest shot in popularity and interest.


The community and plugin ecosystem for Pytest is tremendous. There are plugins for everything, the ease of use of the test runner is excellent, and more than anything, the tool is still straightforward to use while at the same time it offers lots of advanced features with its framework. Not requiring the user to use any of its advanced configurations is a great thing!


For this chapter, make sure to create a new virtual environment (virtualenv) and install pytest after activating it:




  
  $ python3 -m venv venv
$ source venv/bin/activate
$ pip install "pytest==5.3.2"







After installing, the pytest version should look




  
  $ pytest --version
This is pytest version 5.3.2, imported from venv/lib/python3.6/site-packages/pytest/\
__init__.py







The most simple test possible


Pytest allows you to write test functions, which is a major feature if you are getting started and haven’t worked with classes before. In some cases, I write test functions even though I am very familiar with classes. The most simple test possible with pytest is then a function one:




  
  def test_simplest():
    assert True







A function that doesn’t do anything except asserting the True value. The example is silly, no code is getting executed other than the test, and the test is going to pass unless Python is completely broken and True starts meaning something else. But it is still valid to demonstrate how simple a test can be. Compare it to how it would look with the unittest library:




  
  from unittest import TestCase

class TestSimple(TestCase):

    def test_simple(self):
        self.assertTrue(True)







The simplicity award goes to pytest.


For a more realistic example, I’m going to write tests for a small function in one of my projects. It intends to check if a data structure is empty or not, returning a boolean:




  
  def is_empty(value):
    return len(value) == 0







Several things can happen here, and I want to ensure that this small function is going to be able to handle several different inputs, even some that I know are unexpected. Normally, the function would deal with data structures like lists, dictionaries, and tuples. When writing tests, it makes you think about what would happen if you force a function like this to behave with odd inputs like a string or a boolean. My first tests are going to be for the expected inputs that are all empty:




  
  def test_empty_list():
    assert is_empty([]) is True

def test_empty_dict():
    assert is_empty({}) is True







Run pytest to see them pass:




  
  ============================= test session starts ==============================
platform darwin -- Python 3.6.2, pytest-5.3.2, py-1.8.1, pluggy-0.13.1
collected 2 items

test_is_empty.py::test_empty_list PASSED                                 [ 50%]
test_is_empty.py::test_empty_dict PASSED                                 [100%]

======================= 2 passed, 2 deselected in 0.01s ========================







Now add some tests to check if the utility function returns a False when the data structures have some items:




  
  def test_list_is_not_empty()
    assert is_empty([1,2,3]) is False

def test_dict_is_not_empty():
    assert is_empty({"item": 1}) is False







Now run pytest again, to see everything execute:




  
  ============================= test session starts ==============================
platform darwin -- Python 3.6.2, pytest-5.3.2, py-1.8.1, pluggy-0.13.1
collected 4 items

test_is_empty.py::test_empty_list PASSED                                 [ 25%]
test_is_empty.py::test_empty_dict PASSED                                 [ 50%]
test_is_empty.py::test_list_is_not_empty PASSED                          [ 75%]
test_is_empty.py::test_dict_is_not_empty PASSED                          [100%]

============================== 4 passed in 0.02s ===============================







When writing tests, it makes you think about what would happen if you force a function like this to behave with odd inputs like a string or a boolean. The first tests were about correctness in expected inputs, but I want a function that can default to False if the inputs are garbage. Add a test to force breakage to demonstrate the failure:




  
  def test_integer_is_false():
    assert is_empty(1) is False







Run pytest to see the failure, which is expected because the helper is not guarding against it:




  
  ============================= test session starts ==============================
platform darwin -- Python 3.6.2, pytest-5.3.2, py-1.8.1, pluggy-0.13.1
collected 1 item

test_is_empty_robust.py::test_integer_is_false FAILED                    [100%]

=================================== FAILURES ===================================
____________________________ test_integer_is_false _____________________________

    def test_integer_is_false():
>       assert is_empty(1) is False

test_is_empty_robust.py:22:
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

value = 1

    def is_empty(value):
>       return len(value) == 0
E       TypeError: object of type 'int' has no len()

test_is_empty_robust.py:2: TypeError
======================= 1 failed, 9 deselected in 0.09s ========================







Excellent! This is the first failure reported with pytest. The report has lots of details,  and this book goes into those later. First, lets concentrate in the fact that there is a failure and the implementation needs to be updated to get the test passing.




  
  def is_empty(value):
    try:
        return len(value) == 0
    except TypeError:
        return False







With these changes, the utility is now trying to return the value by default, unless a TypeError exception is raised, in which case it falls back to returning False.


To ensure everything works if the function receives an invalid input, execute pytest in the terminal once more, all tests should be passing.
another test:




  
  ============================= test session starts ==============================
platform darwin -- Python 3.6.2, pytest-5.3.2, py-1.8.1, pluggy-0.13.1
collected 5 items

test_is_empty_robust.py::test_empty_list PASSED                          [ 20%]
test_is_empty_robust.py::test_empty_dict PASSED                          [ 40%]
test_is_empty_robust.py::test_list_is_not_empty PASSED                   [ 60%]
test_is_empty_robust.py::test_dict_is_not_empty PASSED                   [ 80%]
test_is_empty_robust.py::test_integer_is_false PASSED                    [100%]

============================== 5 passed in 0.02s ===============================







This example is enough to demonstrate the fix. The real scenario, however, where an actual project uses the utility, has several other invalid inputs that are tested, like floats and even booleans!


Why is Pytest important?


Decades ago, in the late 1960s, a new style for the High Jump was introduced: the Fosbury Flop. This new style was revolutionary and very different from other techniques at the time, like the straddle. It quickly became a controversial issue for coaches to prefer one over the other.


My dad tells this story about going through a course in Track and Field, and the professor asked him which style was better: the straddle or the Fosbury flop? His answer was the Fosbury flop. The professor dug further and asked why: “It is easier to teach!” my dad answered. Although the techniques were (seemingly) comparable, there is tremendous value in something easier to teach. This is similar to how I feel about pytest.


By being easy to grasp with simple tests, developers learn faster how to test, and are enabled to test more - a critical pilar for robust software!


Good tooling gets out of the way and enables you to achieve objectives. Great tooling takes it a step further by offering everything you may need when looking to step up. This is very hard to achieve, and I still find it incredible how pytest manages to appear so simple, and yet it has so much to offer.


Even though this book strongly advocates for pytest, the Python ecosystem is better by having choices. Contrary to my own beliefs, when I started getting involved using Python, when comparing something that is not part of the standard library (pytest) vs. something that is (unittest) doesn’t mean one is better than the other. Libraries that aren’t part of Python’s core can move faster, provide many updates, while the core moves at a glacier pace (it has to!).


When the Pytest project started, it was because the Python community saw there was an opportunity to take something like unittest and make it better, with a test runner and a framework. Taking advantage of the many years that have been put into the Pytest project is a fantastic gift.


The power of assert



Have you ever seen a failed assertion in Python? They are not very helpful. Programmers with a background in languages like C or C++ tend to add assertions in lots of places in production code, as it is often done in those languages. Using bare asserts in Python is unusual, and it is usually discouraged. One reason for this is that Python can run in an optimized way which, among other things, removes assertions. Might as well rely on other flow control and error mechanisms!


This is a small function that uses assert for flow control, if the value is acceptable, it returns a string:




  
  def assert_flow_control(value):
    """
    An example on flow control with bare asserts
    """
    assert value
    return "got a value of expected type!"







Start a new Python shell and make it break by passing False as its input argument:




  
  >>> import bare_asserts
>>> bare_asserts.assert_flow_control(False)
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
  File "/Users/alfredo/python/testing-in-python/chapter3/bare_asserts.py", line 6, i\
n assert_flow_control
    assert value
AssertionError







If you didn’t write the function that executed, and this is a production environment, it is impossible what this assertion means. This is awful. Some may argue that it is possible to add a message to the assertion so that when it fails, a better context is given. This is fine, but I prefer software that takes care of repetitive tasks for me. Further, pytest usage of assert goes beyond providing a nice failure message.


When I give an introduction talk on pytest I usually include a slide with all the assertions that unittest provides. In comparison, pytest only has one assertion (assert). This is the complete list from unittest including some that are aliases and others that are being deprecated:



  	self.assertEqual(a, b)

  	self.assertNotEqual(a, b)

  	self.assertTrue(x)

  	self.assertFalse(x)

  	self.assertIs(a, b)

  	self.assertIsNot(a, b)

  	self.assertIsNone(x)

  	self.assertIsNotNone(x)

  	self.assertIn(a, b)

  	self.assertNotIn(a, b)

  	self.assertIsInstance(a, b)

  	self.assertNotIsInstance(a, b)

  	self.assertRaises(exc, fun, *args, **kwds)

  	self.assertRaisesRegex(exc, r, fun, *args, **kwds)

  	self.assertWarns(warn, fun, *args, **kwds)

  	self.assertWarnsRegex(warn, r, fun, *args, **kwds)

  	self.assertLogs(logger, level)

  	self.assertMultiLineEqual(a, b)

  	self.assertSequenceEqual(a, b)

  	self.assertListEqual(a, b)

  	self.assertTupleEqual(a, b)

  	self.assertSetEqual(a, b)

  	self.assertDictEqual(a, b)

  	self.assertAlmostEqual(a, b)

  	self.assertNotAlmostEqual(a, b)

  	self.assertGreater(a, b)

  	self.assertGreaterEqual(a, b)

  	self.assertLess(a, b)

  	self.assertLessEqual(a, b)

  	self.assertRegex(s, r)

  	self.assertNotRegex(s, r)

  	self.assertCountEqual(a, b)




From memory, I can usually name four or five. The bare assert that it is frowned upon in most Python projects is one of the core strengths of Pytest: it can compound all those different assertions from unittest into a single call while still producing useful output.


This is a test that compares two long strings, can you catch the differences by seeing them side by side?




  
  def test_long_strings():
    string = ("This is a very, very, long string that has some differences"
            " that are hard to catch")
    expected = ("This is a very, very long string that hes some differences"
            " that are hard to catch")
    assert string == expected







It is pretty difficult to tell right away. In that example, I am cheating by having both the input and the expectation right there in the test. In real test scenarios, the test input will probably come from somewhere else, so all you have is the test output. The test fails when running pytest against that file. This is the output:




  
  E       AssertionError: assert 'This is a ve...hard to catch' == 'This is a ve.
..hard to catch'
E         - This is a very, very, long string that has some differences that ar
e hard to catch
E         ?                     -                   ^
E         + This is a very, very long string that hes some differences that are
 hard to catch
E         ?







The test runner engine produces a diff on the two strings and displays a - character for missing items, and ^ for different ones. The expected value has a missing comma, and it needs to replace hes to has as indicated by the markers in the output. This is a tiny corner of brilliance that demonstrates how powerful it is. The diff engine is not only applicable for strings, but also for other data structures like dictionaries and lists.


Have you ever had to compare giant nested dictionaries? It is horrible to go through each key to find that some key is missing or has a typo. Pytest makes this a trivial task, which doesn’t require anything special (just like comparing long strings). This is the test for comparing the two dictionaries:




  
  def test_nested_dictionaries():
    result = {'first': 12, 'second': 13,
            'others': {'success': True, 'msg': 'A success message!'}}
    expected = {'first': 12, 'second': 13,
            'others': {'success': True, 'msg': 'A sucess message!'}}
    assert result == expected







Run pytest against the example test, and expect failure. In this case, the failure is happening in the nested dictionary. Pytest understands the data structure and extracts the nested dictionary to offer a comparison omitting everything that it knows is identical (no need to include that!):




  
  E   AssertionError: assert {'first': 12,... 'second': 13} ==  \
E                              {'first': 12,... 'second': 13}
E     Omitting 2 identical items, use -vv to show
E     Differing items:
E     {'others': {'msg': 'A success message!', 'success': True}} != \
E         {'others': {'msg': 'A sucess message!', 'success': True}}
E     Use -v to get the full diff







The report is useful, but it isn’t giving you what you need: where exactly is the issue to fix it? This happens because, by default, Pytest tries to be conservative in its output, hoping that the failure is simple enough to catch. In this case, it isn’t, so run again with the -vv flag to get a more thorough overview:




  
  E     Full diff:
E       {
E        'first': 12,
E     -  'others': {'msg': 'A success message!', 'success': True},
E     ?                         -
E     +  'others': {'msg': 'A sucess message!', 'success': True},
E        'second': 13,
E       }







The - character indicates that I introduced a typo in the msg value (the success word). Pytest has support for all native data structures like these examples for dictionaries and strings. Knowing that it can handle them without any customization at all is a great advantage. There is no need to memorize the many different assertions that unittest provides.


The bare assert in Pytest is essential because, like other parts of the Pytest framework, it allows you to concentrate on writing useful tests, not in figuring out a framework. All the examples in this section used functions, further proving its simplicity.


Pytest vs. Unittest


This chapter has already shown a few different reasons you should concentrate on Pytest, and this section emphasizes the differences. It is important to know why a tool is preferred vs. the alternative.



  	Tests can be functions: Pytest has support for functions as well as classes, unittest only works with classes

  	No need to know class inheritance: Pytest doesn’t require to inherit from a class, although it supports unittest.TestCase test classes just fine!

  	Plugins: There are many plugins by the community for Pytest, and it is not difficult to create your own. It is not possible with unittest.

  	Extensible reporting: All reporting in Pytest can be modified or extended. It is impossible with unittest


  	Fully featured test runner: The pytest command-line tool offers a lot right out of the box, no need to add additional code in tests to discover files. With unittest there is some effort with python -m unittest, but options are limited and not extensible.




If you find yourself working in a large project that is using unittest.TestCase tests, then you can use pytest to run them. This is a nice feature that allows you to get a feel for the tool and start tinkering with adding more straightforward tests at the same time. A lot of the time, I get asked if there is a way to “go back” from Pytest-style tests as if the transformation was complicated like switching database schemas… I’ve never seen any need to go back, and to the contrary, I’ve put more work in production code to port towards Pytest! I’ve never seen any project go back.


Lastly, Pytest is not only a test runner. It is a whole framework which also includes a test runner. By being a framework, it allows extending and modifying it so that it fits best whatever type of testing you are doing. I hope that by now, you are fully convinced that this is the right way to go and want to learn more about it!











  
Chapter 4: Test Classes



  Noah Gift



The devil is in the details with most of the technology.  It is easy to say things like TDD (Test-driven development) is the “only” way to write software.  Test-driven development is a method of writing software where a test creates; then the code will complete it.  It is also easy to talk about the benefits of object-oriented programming with Unit Testing.


In theory, yes, TDD seems like a good idea.  Who wouldn’t want 100% test coverage?  In practice, though, this is an expensive operation and not worth the ROI.  Even further, it may not also be possible to do realistically.  How many real-world examples are there of projects that have been around for several years and completed TDD?  Highly experienced and competent software engineers are not zealots; they are pragmatic minimalists.  They realize that some testing is proper, and no testing is foolish, and they strike a balance.


A good comparison to TDD is counting calories.  There have been decades of bad advice in the Nutrition industry about counting calories.  In theory, this is nonsense.  If counting calories worked, diets would work, and they don’t.  Heuristics do work, though, like Intermittent Fasting or habit-changing like eliminating all highly processed foods.
Similarly, technical zealotry feels good and accomplishes little to nothing. Heuristics work because of the reduced complexity of actually doing something day in and day out.  The “perfect” solution rarely works in the real world because it isn’t sustainable daily.  Just ask the person who goes to the gym in January with a sophisticated new fitness routine. Complexity, purity, and extremism are the exact formula to ensure something will not work in the long term. If you wanted to sabotage a new software project, or any project, as quickly as possible, fill it with the latest fad and make sure it implements with religious rigor.  It probably won’t exist in three months.


Likewise highly experienced developers take a similar approach with Object-Oriented programming (OOP).  They use it when appropriate, but often they decide that YAGNI (“You Ain’t Gonna Need it”).  A good use case for OOP is building traditional GUI programs, like a desktop application or an iOS application.  The paradigm fits quite well.  A model where OOP does not fit so nicely is distributed computing.  In distributed computing scenarios, a function that maps to a unit of work is the right solution for the problem.


The built-in Unit testing framework in the Python standard library is unittest, and it is heavily reliant on OOP.  The upside of this is that there are some powerful things it can do.  The downside is taking more lines of code in many situations to test something.  It has been my experience that for unit testing, a functional approach is much simpler. The default path to testing in pytest is simple and effective, even in the case where some object-oriented programming is used.


Setting up and teardown of xunit-style tests


Many testers are familiar with writing xunit-style tests.  The pytest framework has support for xunit. Typically the structure is to use a setup_function and a teardown_function.  Let’s take a look at how this works with a simple hello.py and a test_hello.py.


The following hello.py has three functions inside.  Notice that they all accept a positional argument x.




  Example hello.py
  def toyou(x):
    return f"hi {x}"


def add(x):
    return x + 1


def subtract(x):
    return x - 1







Next, to set up the test for this project, I would configure a Makefile.




  Example Makefile
  install:
    pip install --upgrade pip &&\
        pip install -r requirements.txt

test:
    python -m pytest -vv test_hello.py


lint:
    pylint --disable=R,C hello.py

all: install lint test







The requirements file has the necessary packages as well.




  Example requirements.txt
  pylint
pytest
black







Next up I create a setup_function(function) and a
teardown_function(function).  Notice how I put an optional print statement in both the setup and the teardown method.  This step can be instructive in showing that the function parameter is the actual name of the test run.  For example, when the test_hello_add is run the setup_function has the function test_hello_add passed into it.




  Example test_hello.py
  from hello import toyou, add, subtract


def setup_function(function):
    print(f" Running Setup: {function.__name__}")
    function.x = 10


def teardown_function(function):
    print(f" Running Teardown: {function.__name__}")
    del function.x


def test_hello_add():
    assert add(test_hello_add.x) == 11







Let’s take a look at how this works. What happens is that function.x a variable is 10 for each test run.  Afterward, the variable deletes in the teardown_function.  This step ensures there isn’t a mutation of a test variable that could cause a test to pass or fail for the wrong reason.




  
  (.tip) ➜  chapter4 git:(master) ✗ make test
python -m pytest -vv test_hello.py
============================= test session starts ==============================
platform darwin -- Python 3.7.6, pytest-5.3.2, py-1.8.1, pluggy-0.13.1
cachedir: .pytest_cache
rootdir: /Users/noahgift/src/testing-in-python/chapter4
plugins: cov-2.8.1
collected 1 item

test_hello.py::test_hello_add PASSED                                     [100%]

============================== 1 passed in 0.01s ===============================







Things get more interesting by adding a failing test and a second test.  This time I add a check for the subtract function, and I also change the test_hello_add test to assert 12, which will cause the test to fail.




  Example of wrong test_hello.py
  from hello import toyou, add, subtract


def setup_function(function):
    print(f" Running Setup: {function.__name__}")
    function.x = 10


def teardown_function(function):
    print(f" Running Teardown: {function.__name__}")
    del function.x


def test_hello_add():
    assert add(test_hello_add.x) == 12

def test_hello_subtract():
    assert subtract(test_hello_subtract.x) == 9






Looking at the output from the tests, you can see that the print statements now show up.  This step is helpful when first using the setup_function and teardown_function because of the magic they provide. You can see the message in the following output: ` Running Setup: test_hello_add and  Running Teardown: test_hello_add.`




  
  (.tip) ➜  chapter4 git:(master) ✗ make test
python -m pytest -vv test_hello.py
============================= test session starts ==============================
on
cachedir: .pytest_cache
rootdir: /Users/noahgift/src/testing-in-python/chapter4
plugins: cov-2.8.1
collected 2 items

test_hello.py::test_hello_add FAILED                                     [ 50%]
test_hello.py::test_hello_subtract PASSED                                [100%]

=================================== FAILURES ===================================
________________________________ test_hello_add ________________________________

    def test_hello_add():
>       assert add(test_hello_add.x) == 12
E       assert 11 == 12
E         -11
E         +12

test_hello.py:15: AssertionError
--------------------------- Captured stdout setup ------------------------------
 Running Setup: test_hello_add
-------------------------- Captured stdout teardown ----------------------------
 Running Teardown: test_hello_add
======================= 1 failed, 1 passed in 0.05s ============================
make: *** [test] Error 1







The main takeaway is that setup and teardown methods add a lot of power to testing.  They can remove boilerplate code, and they are easy to use if you follow a few conventions.  Finally, by selectively using print statements, you can easily debug then.











  
Chapter 5: Reporting



  Noah



There are many reasons why testing is essential, but fundamentally testing is a crucial component to automation.  Testing ensures that automation can occur.  The two elements are intertwined.  At the intersection is the build server.



  
    [image: ]
    Testing and Automation
  




The build server performs many actions beyond just testing code.
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In the figure shown, the build server is doing many things.  The build server tests the code, but it also deploys the system.  It can report on all of the operations as well.  A perfect time to run reports on the quality of the source code is each time the code checks into source control.


PyTest Reporting


At the most fundamental level running a test and generating a report are directly linked.  If a check fails, a rational person wants to know why?  This is where reporting comes into play.  Let’s take a look at a repo called myrepo which is located at https://github.com/noahgift/myrepo.  To generate a pytest report, I run python -m pytest tests/*.py.




  
  (.myrepo) ➜  myrepo git:(master) python -m pytest tests/*.py
============================= test session starts ==============================
platform darwin -- Python 3.7.6, pytest-5.3.3, py-1.8.1, pluggy-0.13.1
rootdir: /Users/noahgift/src/myrepo
plugins: cov-2.8.1, nbval-0.9.4
collected 1 item

tests/test_myrepo.py .                                                   [100%]

============================== 1 passed in 0.01s ===============================







The main takeaway is that I see a simple report that shows that exactly one test has passed.  If I got into the function it is testing and change the service myfunc to return 2 instead of 1, I can rerun the test and make it fail.



  
    [image: ]
    Failed test report
  




The terminal shows in red coloring the parts of the test that have failed.


Verbose output


In the last example, a failed test generated a default report.  There is a way to get more detail both with successful and unsuccessful trials, though.  This step can come in handy when there is a particular failure test you want to drill into, or if you’re going to ensure a specific new piece of code has a test associated with it.


The way to get more verbose output is to use the --v or --vv flag.  Each extra v adds a bit more output.  Here is the same failed test run with verbose output:  python -m pytest -vv tests/*.py
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    Verbose failed test report
  




The general idea here is then in some situations, it may make sense to have very verbose test output for reporting, and in others, it is distracting.  The build server could generate verbose output then via the --vv option, but locally a developer would default to normal verbosity.


PyTest Coverage Reports


Some things just go together like peanut butter and chocolate or milk and cookies.  The pytest framework and the coverage module are two such items.  If you are doing the right thing and testing your code, why not also figure out why code is missing coverage?  It may be the case that you are ok with parts of your system missing tests, but at least you know.


To get started with code coverage, you install the pytest-cov module and then run it as a plugin.  Here is an example output python -m pytest --cov=myrepolib tests/*.py using the same myrepo project.




  
  (.myrepo) ➜  myrepo git:(master) python -m pytest --cov=myrepolib tests/*.py
============================= test session starts ==============================
platform darwin -- Python 3.7.6, pytest-5.3.3, py-1.8.1, pluggy-0.13.1
rootdir: /Users/noahgift/src/myrepo
plugins: cov-2.8.1, nbval-0.9.4
collected 1 item

tests/test_myrepo.py .                                                   [100%]

---------- coverage: platform darwin, Python 3.7.6-final-0 -----------
Name                    Stmts   Miss  Cover
-------------------------------------------
myrepolib/__init__.py       1      0   100%
myrepolib/repomod.py       11      4    64%
-------------------------------------------
TOTAL                      12      4    67%


============================== 1 passed in 0.10s ===============================







The main takeaway is that a coverage report gives a user another signal to look at in making decisions about software.


PyTest with Jenkins and JUnit


If pytest and coverage are like peanut butter and chocolate, then perhaps Jenkins, JUnit reporting, and pytest are like peanut butter and jelly sandwich.  I still remember how, from the age of five to about 12 years old, I would eat a peanut butter and jelly sandwich every day for lunch.  It was classic and performed the task I needed it to complete.


Similarly, the Jenkins workflow that includes testing for Python should also include reporting like integrates with the build.


Code Quality


I have always been interested in metadata about software; perhaps that why I also teach machine learning and data science at Duke, UC Berkeley, Northwestern, and other universities.  In Data Science, one of the most challenging problems is to find the data.  With source control, the metadata creates for us.  It is fascinating to look at source code and dig into what signals it can send.  Let’s talk about some of the signs that source control can send out by referring to a project I wrote called devml.


You can install devml with pip:  pip install devml.  It will then be made available via a command-line utility called dml.




  
  (.tip) ➜  testing-in-python-book git:(chap4) ✗ dml
No project directory with config.json:  project/config.json

Usage: dml [OPTIONS] COMMAND [ARGS]...

  Github Machine Learning Tool

Options:
  --version  Show the version and exit.
  --help     Show this message and exit.

Commands:
  csv     CSV Operations
  github  Downloads Repositories From Github
  gstats  Generate Stats







To use this tool, you will need to create a project/config.json that contains the following structure that contains org, checkout_dir, and oath.  The oath value from Github works by referring to this article.




  
  (.tip) ➜  /tmp cat project/config.json
{
    "project" :
        {
            "org":"gohugoio",
            "checkout_dir": "/tmp/checkout",
            "oath": "<keygenerated from Github>"
        }

}







Next up, I run dml github download to download all of the git repos in the Github organization.  This step will download every single repository in the organization, as shown.




  
  (.tip) ➜  /tmp dml github download
2020-01-26 16:42:01,225 - devml - INFO - Creating Checkout Root:  /tmp/checkout
2020-01-26 16:42:01,876 - devml - INFO - Found Repo # 1 REPO NAME: hugo
2020-01-26 16:42:01,876 - devml - INFO - URL: git@github.com:gohugoio/hugo.git
...







Once this completes, I can start to look at stats like activity or churn.  The full list of sub-commands is below.




  
  (.tip) ➜  /tmp dml gstats
Usage: dml gstats [OPTIONS] COMMAND [ARGS]...

  Generate Stats

Options:
  --help  Show this message and exit.

Commands:
  activity         Creates Activity Stats Example is run after checkout:...
  author           Creates Author Stats Example is run after checkout:...
  authorchurnmeta  Descriptive Meta Churn For Author Example is run after...
  churn            Finds churn by file for a repo Example is run after...
  deleted          Creates File Deletion Stats Example is run after...
  metachurn        Finds median churn metadata for a repo Example is run...
  metadata         Creates Metadata Stats and Outputs JSON Example is run...
  org              Creates Org Stats and Outputs JSON Example is run after...







The people analytics of a team


So what do people analytics data show us about source code?  Is it even necessary?  There are many open areas of research that look at the behavioral characteristics of workers.  A recent article in the Harvard Business Review addressed the issue of people analytics.  One example they showed was a chart that monitored employee burnout and how workers that worked more than 60 hours per week are at risk of burnout.  Using tools like devml we can look at similar issues.


In the gohugoio Github organization, we can have several new behavior items by using the activity flag.




  
  (.tip) ➜  /tmp dml gstats activity
16:50:17 - devml.mkdata - INFO - Found repo: /tmp/checkout/gohugoioTheme
16:50:17 - devml.mkdata - INFO - Processing Repo: /tmp/checkout/gohugoioTheme
              author_name  active_days active_duration  active_ratio
111   Bjørn Erik Pedersen          958       1777 days          0.54
890      digitalcraftsman          321       1512 days          0.21
61            Anthony Fok          203       1896 days          0.11
245      Digitalcraftsman          169        568 days          0.30
970                 spf13          145        865 days          0.17







The developer that has committed code on most days is Bjørn Erik Pedersen, and he has been active for 1777 days or close to 7 years.  In those seven years, he has committed code at an astonishing rate of every other day or 0.54.  Perhaps this developer is really into their system, and it is exciting to be involved in such a successful project, and it drives him to contribute at that level.  Alternatively, perhaps there is a level that could be too high, and it could cause burnout, as the HBR article alludes.


Using a tool like devml and adding into the build process could create additional metrics for a team to look at.  Maybe a team member is being pushed too hard, and the organization or management can reduce their load.  Likewise, perhaps a prolific developer who typically commits code every single Monday-Friday starts committing code once a week.  What is going on?  Maybe they have a new manager who is highly ineffective and inexperienced and pulls them into meetings too frequently, which disrupts their ability to get work done.


Churn


There has been a lot of research about how to code churn predicts defects in software.  A well-cited article Use of relative code churn measures to predict system defect density highlights how “relative churn” or the frequency a file is changed relative to its size is a predictor of defects.  Let’s again use devml to get the churn for this project.


As someone who is a frequent and happy user of hugo a few things pops right up.  The files with the name test in them are frequently changed.  This step means at least a couple of things.  Tests are commonly updated, which would appear to be a good thing, but second, the tests themselves may contain bugs.  Another new item is the file commands/hugo.go.  This item is the actual hugo command.  It is only about 1000 lines of code but has been changed 363 times for a relative churn of .31.  This file may be a hot spot in the system and a vector for bugs.




  
  (.tip) ➜  /tmp dml gstats churn --path /tmp/checkout/hugo
2020-01-26 17:25:28,647 - devml.post_processing - INFO - Running churn cmd:
    [git log --name-only --pretty=format:] at path [/tmp/checkout/hugo]
                                     files  churn_count  line_count extension  relat\
ive_churn
1                       b'hugolib/site.go'          625      1693.0       .go       \
     0.37
2                       b'hugolib/page.go'          456      1023.0       .go       \
     0.45
3                      b'commands/hugo.go'          363      1178.0       .go       \
     0.31
4                  b'hugolib/page_test.go'          189      1722.0       .go       \
     0.11
5                  b'hugolib/site_test.go'          174      1025.0       .go       \
     0.17
6                 b'hugolib/hugo_sites.go'          160       995.0       .go       \
     0.16
7                        b'snapcraft.yaml'          158         NaN     .yaml       \
      NaN
8                       b'helpers/hugo.go'          150         NaN       .go       \
      NaN
9                      b'docs/config.toml'          146       106.0     .toml       \
     1.38
10            b'hugolib/shortcode_test.go'          141      1318.0       .go       \
     0.11
11                      b'commands/new.go'          130       137.0       .go       \
     0.95
12                            b'README.md'          129       187.0       .md       \
     0.69
13                   b'commands/server.go'          126       561.0       .go       \
     0.22
14                      b'tpl/template.go'          123       142.0       .go       \
     0.87
15                 b'hugolib/shortcode.go'          122       648.0       .go       \
     0.19
16                b'tpl/template_funcs.go'          118         NaN       .go       \
      NaN
17                   b'helpers/content.go'          114       352.0       .go       \
     0.32
18                      b'helpers/path.go'          114       660.0       .go       \
     0.17
19           b'tpl/template_funcs_test.go'          113         NaN       .go       \
      NaN
20               b'hugolib/site_render.go'          108       411.0       .go       \
     0.26
21                               b'go.sum'          106       578.0      .sum       \
     0.18
22  b'docs/content/templates/functions.md'          104         NaN       .md       \
      NaN
23   b'docs/content/meta/release-notes.md'          101         NaN       .md       \
      NaN
24                               b'go.mod'          100        77.0      .mod       \
     1.30
25                          b'.travis.yml'           92        77.0      .yml       \
     1.19







The takeaway here is that generated churn reports automatically can also be incredibly helpful.  Why not include them in your continuous integration process and periodically review them?


Linting


Because Python is an interpreted language, it has some disadvantages over a style that has a compiler.  The dream scenario is to have the best of both worlds while writing code.  The ability to use a REPL (Read-eval-print loop) is compelling. On the other hand,  a compiler will optimize the system and check for syntax errors.


In Python, one of the closest approximations of this “dream” scenario is a linter.  Two popular linters are flake8 and pylint.  Having a linter in your testing process is a must-have.  Let’s see an example of both.


Flake8


You can install flake8 via pip install:  pip install flake8.  To use it, you can point it at some source code.  Here is an example of what this looks like when run.




  
  (.myrepo) ➜  myrepo git:(master) ✗ flake8 web.py
web.py:2:4: E225 missing whitespace around operator
web.py:3:1: E402 module level import not at top of file
web.py:4:1: E402 module level import not at top of file
web.py:6:1: E402 module level import not at top of file
web.py:9:1: E302 expected 2 blank lines, found 1
web.py:13:1: E302 expected 2 blank lines, found 1







Note that it will, by default, check for code formatting issues as well as syntax bugs.


Pylint


The pylint module has been around for quite some time.  It can also install with via pip install: pip install pylint.  Typically when I run it initially, I focus on warnings and error and limit the code formatting.  Here is an example of how I run it in a Makefile.




  
  lint:
    pylint --disable=R,C myrepolib cli web







Notice how by disabling the R, C flags, I can make pylint a lot easier to work with, out of the box.  In practice, most projects want to fail a build for code that doesn’t execute.


I remember once coming back from a trip to audit another division of our company.  The project was deeply troubled, and when I ran pylint, it found approximately 20% of the code was not executable.  My boss at the time told me I was making too big of a deal of that.  With about 15 years of perspective since then, I can say this was completely wrong.  Of course, it is a problem if you are checking in code that couldn’t possibly run.  There are zero excuses for this.  This step is one of the issues a tool like pylint solves.


Code Formatting with Python Black


Several topics can instantly start a conflict in a company that writes software. A few hot topics include ticket systems, code formatting, and what language to use.  This reason is why I like the black module; it reduces choice. You run the tool on your code; it reformats it in a way that is good enough. You can also pip install it:  pip install black.


This workflow summarizes how useful it can be.  You run it; then, the linter shuts up.




  
  (.myrepo) ➜  myrepo git:(master) ✗ flake8 web.py
web.py:2:4: E225 missing whitespace around operator
web.py:3:1: E402 module level import not at top of file
web.py:4:1: E402 module level import not at top of file
web.py:6:1: E402 module level import not at top of file
web.py:9:1: E302 expected 2 blank lines, found 1
web.py:13:1: E302 expected 2 blank lines, found 1









  
  (.myrepo) ➜  myrepo git:(master) ✗ black web.py
reformatted web.py
All done!
1 file reformatted.









  
  (.myrepo) ➜  myrepo git:(master) ✗ flake8 web.py
















  
Chapter 6: Debugging with Pytest



  Noah Gift



The real world mostly works.  When you get in a modern car, it seldom breaks down.  Most houses in the United States are well built and don’t require daily repair.  In school, most tests and quizzes have a passing grade by design.  Getting an “F” grade is typically very rare.


Software engineering is quite different.  Everything breaks every day.  When learning to be a software developer, this is the biggest challenge to overcome.  Beginners feel like a one hundred foot wave is crushing them over and over again.  One solution to this is adopting a new mindset.


I tell students new to programming to embrace the failure.  When you are getting hammered by mistakes and failures, this means you are exactly on the correct path.  If no errors appear, then no progress is made in learning.  When a student has stopped feeling frustrated, this is an awful sign; it means that education has stopped.  Taking joy in constant mistakes is a secret technique to accelerate the journey to mastery.


How to debug code


One of the joys of programming in Python is that it seldom requires a complex solution to debug code.  Let’s walk through some of the options on how to debug code.  If you are toying around with some sample code, then a print statement is often the best way to debug something.


Here is a good example.  When writing a function, one of the easy things to mess up is the input.  Here is an example of how to debug a simple task by using python f-strings to print the values out.




  
  def add(x,y):
    print(f"The value of x: {x}")
    print(f"The value of y: {y}")
    return x+y

result = add(3,7)
print(result)







When run it returns the following:




  
  > python hello_debug.py
The value of x: 3
The value of y: 7
10







It is relatively straight forward to catch something wacky.  Let’s suppose that someone tried to pass in an object instead of an int.




  
  class Z: pass
zz = Z()

def add(x,y):
    print(f"The value of x: {x}")
    print(f"The value of y: {y}")
    return x+y

result = add(3,zz)
print(result)







Testing itself would catch this, but print statements add a lot of clarity.




  
  (.tip) ➜  chapter6 git:(master) ✗ python hello_debug_object.py
The value of x: 3
The value of y: <__main__.Z object at 0x1089df6d0>
Traceback (most recent call last):
  File "hello_debug_object.py", line 9, in <module>
    result = add(3,zz)
  File "hello_debug_object.py", line 7, in add
    return x+y
TypeError: unsupported operand type(s) for +: 'int' and 'Z'







The code blows up when run, but before it blows up, it gives some constructive feedback.  The following print statement should instantly cause the programmer to slap their forehead. You cannot add an object to an int.




  
  The value of y: <__main__.Z object at 0x1089df6d0>







Using a debugger


What if the problem still isn’t apparent after adding print statements?  This step does occasionally happen with Python.  My go-to weapon when a print statement doesn’t work is to put in “one-liner” that invokes the python debugger pdb.


Let’s watch this in action.  To insert the debugger into Python code you only need to specify import pdb;pdb.set_trace(). Next, you can see that the debugger line inserted.




  
  class Z: pass
zz = Z()

def add(x,y):
    import pdb;pdb.set_trace()
    print(f"The value of x: {x}")
    print(f"The value of y: {y}")
    return x+y

result = add(3,zz)
print(result)







When the code invokes, it stops inside the function.  This step is helpful because it allows us to “step” line by line into the system.  The entry point will enable me to print x by typing x.  I can see the value is 3.  I press n on the keyboard, which brings me into the next line of code.  When I type y, I can see it is an object, which is a problem.  I can then exit by typing q.




  
  (.tip) ➜  chapter6 git:(master) ✗ python hello_debug_object_pdb.py
> /Users/noahgift/testing-in-python/chapter6/hello_debug_object_pdb.py(6)add()
-> print(f"The value of x: {x}")
(Pdb) x
3
(Pdb) n
The value of x: 3
> /Users/noahgift/testing-in-python/chapter6/hello_debug_object_pdb.py(7)add()
-> print(f"The value of y: {y}")
(Pdb) y
<__main__.Z object at 0x103c32310>
(Pdb) q
Traceback (most recent call last):
  File "hello_debug_object_pdb.py", line 10, in <module>
    result = add(3,zz)
  File "hello_debug_object_pdb.py", line 7, in add
    print(f"The value of y: {y}")
  File "hello_debug_object_pdb.py", line 7, in add
    print(f"The value of y: {y}")
  File ".../Versions/3.7/lib/python3.7/bdb.py", line 88, in trace_dispatch
    return self.dispatch_line(frame)
  File ".../Versions/3.7/lib/python3.7/bdb.py", line 113, in dispatch_line
    if self.quitting: raise BdbQuit
bdb.BdbQuit







Using the Python debugger is a powerful debugging technique, and as you can see very straightforward.  If you find yourself stuck in a severe debugging problem, it is the first place to look.  What is nice is that it also integrates well with pytest.  This step can be an incredible combination.


Python Debugger (PDB) integration


With this knowledge of how pdb works, let’s integrate this with pytest.  First, a test class creates named test_debug.py




  
  from hello_debug import add
import pytest

@pytest.fixture
def myobj():
    class Foo():pass
    return Foo()

def test_add():
    assert add(1,2) == 3

def test_add_object(myobj):
    assert add(1,myobj) == 3







You can see that a fixture defines an action that returns an object.  An object will not work in the test_add_object test case, as shown earlier.  You cannot add an int and a purpose.  To debug with pytest run the following flag:




  
  python -m pytest --pdb







This command then both runs the test but allows a breakpoint in the code after the failed test shows.




  
  python -m pytest --pdb
============================= test session starts ==============================
platform darwin -- Python 3.7.6, pytest-5.3.2, py-1.8.1, pluggy-0.13.1
rootdir: /Users/noahgift/src/testing-in-python/chapter6
plugins: cov-2.8.1
collected 2 items

test_debug.py .F
The value of x: 1
The value of y: <test_debug.myobj.<locals>.Foo object at 0x105b5fc50>

myobj = <test_debug.myobj.<locals>.Foo object at 0x105b5fc50>

    def test_add_object(myobj):
>       assert add(1,myobj) == 3

test_debug.py:13:
 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

x = 1, y = <test_debug.myobj.<locals>.Foo object at 0x105b5fc50>

    def add(x,y):
        print(f"The value of x: {x}")
        print(f"The value of y: {y}")
>       return x+y
E       TypeError: unsupported operand type(s) for +: 'int' and 'Foo'

hello_debug.py:4: TypeError
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> entering PDB >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

>>>>>>>>>>>>>>>> PDB post_mortem (IO-capturing turned off) >>>>>>>>>>>>>>>>>>>>>
> /Users/noahgift/src/testing-in-python/chapter6/hello_debug.py(4)add()
-> return x+y
(Pdb) x
1
(Pdb) y
<test_debug.myobj.<locals>.Foo object at 0x105b5fc50>







What is nice is that the same commands that regular pdb uses are available.  I can dig into this code example and also quickly identify that this object is the problem.











  
Chapter 7: Pytest fixtures and plugins



  Alfredo Deza



In previous chapters, the extensibility and ease of use of Pytest have been praised. Running tests with its command-line tool, executing functions, or test methods, are all very straightforward. What happens when a project needs some tests to have a different setup or behave differently with command-line flags that are not offered as part of the default Pytest installation? The Pytest framework has extensive support for adding and manipulating almost every aspect of its engine.


At first, I felt intimidated by plugins. My experience with writing plugins for other frameworks and tools (even in Python tools) hasn’t been too good. Lots of quirks and oddities that are hard to remember. Not quite the case for Pytest, however. The project follows this pattern of “getting out of the way”: it allows to write plugins as a single function, or as complicated as a fully-fledged Python package that needs to hook into entry points at install time.


Start by writing functions, and when the functionality grows beyond a few functions, consider making them a separate package, especially if more than one project can benefit from the collection of functions that are extending the behavior.


Although plugins are essential, this chapter covers a few other vital aspects of the framework that are useful: fixtures, and parametrization. Reusing utilities and sharing them around, automatically sharing fixtures in tests, and using multiple inputs for the same test (instead of a loop) are all useful and will make tests less repetitive and easier to extend.


What are fixtures?


Fixtures can be described as a couple of different things: a utility that provides behavior (for example, making an HTTP request), or something that provides some data for tests. These aspects of fixtures make them simple to reason about but they can also be large and highly functional. The framework even provides some built-in ones that are fantastic to work with!


After a few years of using the Pytest framework, I found myself not having invested any time in learning them or wanting to use them at all. I was coming from heavy usage of unittest and felt that using fixtures was odd to say the least. If you have some experience with Python already, you know that arguments have to be passed in explicitly. It is common to expect things in Python to happen somewhat explicitly. That explicitness is what doesn’t quite fit the fixture model: by declaring the fixture name as an argument to a test function (or test method), the fixture will be injected at test time.


In the end, think of fixtures as flexible helpers, that can help automate repetitive setup or teardowns, and that can be extended to add some behavior.


Creating new fixtures


There are a few different ways to create fixtures so that tests can use them. The simplest example is creating one in the same file where the tests consuming it exist. The code under test is a small function that will construct a Python dictionary with interesting information depending on the values from a response object. This response object is coming from an HTTP request made somewhere else in the project.


This is the function that interacts with the response object, that lives in a utils.py module:




  
  def build_message(response):
    message = {
        "success": True,
        "error": "",
    }
    if response.status >= 400:
        message["success"] = False
        message["error"] = response.body
    return message







The function is small enough to reason about, but presents the difficulty of having to pass a response object that needs to have an attribute with some values. It is tempting to try and make an actual request, but this can quickly get problematic for unit testing since it might require an actual service to respond. Unit tests should be as contained and reproducible as possible. Reducing (or even eliminating) dependencies on external services or other software that needs to run in order to have a successful test is a good objective.


Create a new test file named test_utils.py that is able to import this function and create a class that will act as the response object:




  
  class FakeResponse:

    def __init__(self, status=200):
        self.status = status







The FakeResponse class is going to behave as the response object after being instantiated. I only need to set the status at this point so the class is only implementing that attribute. Next, the actual fixture!




  
  import pytest

@pytest.fixture
def response():
    def apply(status=200):
        return FakeResponse(status=status)
    return apply







The example code shows pytest being imported, which is using the fixture decorator to wrap the response() function. If this looks complicated, think of it as a plain function that is getting marked so that the framework knows about its existence at runtime. Inside the fixture there is a nested function (sometimes referred to as closures). This is so that later when a test needs this fixture it can pass arguments used for creating the object, vs. creating the object early on. When used in tests, it will make sense why this is useful.


After a few years of writing Python and working as a Software Engineer, I went to interview in a large multinational company. The team I was interviewing for had a lot of senior engineers, a few of them were well known in the community and I certainly looked up to them. I felt very intimidated by all this but decided to still go through the interview process, what a great opportunity to be working with senior engineers! One of the questions was: “Do you know what a closure is?” and I had never heard the terminology. I shook my head, and the interviewer added “It is just a function”. Sometimes people like to use different or less common terminology. Don’t feel intimidated by it, almost always there is a simple way to reason about things!


At this point in our examples, we have a utility module which creates a Python dictionary with useful information, a class that will be used in place of an actual response object, and the first fixture. Now it is time to create a test function to see it all work together. The first test verifies that success behavior works without issue:




  
  def test_build_message_success(response):
    result = build_message(response())
    assert result["success"] is True







The function looks somewhat different from a plain test function. It requires an argument called response. Where is this coming from? The Pytest framework figures out that it is a fixture and that the name matches one of the fixtures that was registered at collection time. When the framework collected the tests, the decorated fixture (marked with @pytest.fixture) was detected and later injected into the test that declared it as an argument. Behind the scenes, the framework maps the name of the test function argument to that of the fixture. If you have a typo and the names don’t match exactly, the fixture will not work!


The fixture was created with the ability of accepting other status codes as well. Take advantage of the flexibility by adding more tests with the same fixture, in this case verify the behavior when there is an error response:




  
  def test_build_message_failure(response):
    result = build_message(response(400))
    assert result["success"] is False







A failure is reported when the test runs:




  
  E   AttributeError: 'FakeResponse' object has no attribute 'body'







The FakeResponse class is missing the body attribute. Add the ability to set custom body messages to the class and then make the fixture accept those as part of its arguments:




  
  class FakeResponse:

    def __init__(self, status=200, body=""):
        self.status = status
        self.body = body







Now modify the fixture so that tests can optionally set the body. Making it optional is important because it will not disrupt existing tests.




  
  @pytest.fixture
def response():
    def apply(status=200, body=""):
        return FakeResponse(status=status, body=body)
    return apply







Run the test again. It now passes because the body attribute exists, and it is set by default to be an empty string which satisfies the requirements of the build_message function in the utils module. There is one more test that has to be added here, and that is one that has a custom body message. This is important if the utility function changes in the future and needs to craft custom wording depending on the body of the response:




  
  def test_build_message_failure_body(response):
    result = build_message(response(400, "not allowed here!"))
    assert result["success"] is False
    assert result["error"] == "not allowed here!"







This introduction to fixtures should demistify how they work. Although the first impression might be that they are too magical, it is only the framework passing functions around when tests require them as named arguments.


Built-in Fixtures


The Pytest framework comes with a few built-in fixtures that are available to any test that defines it as a requirement in their arguments. This section goes through a few that are commonly used. To find out what fixtures are available, use the pytest commandline tool to list them:




  
  $ pytest -q --fixtures







Pytest version 5.3 comes with these built-in fixtures:



  	cache

  	capsys

  	capsysbinary

  	capfd

  	capfdbinary

  	doctest_namespace [session scope]

  	pytestconfig [session scope]

  	record_property

  	record_xml_attribute

  	record_testsuite_property [session scope]

  	caplog

  	monkeypatch

  	recwarn

  	tmpdir_factory [session scope]

  	tmp_path_factory [session scope]

  	tmpdir

  	tmp_path




The ones I most commonly use are: monkeypatch, capsys, and tmpdir (tmp_path is similar, it returns a different object). This chapter will cover capsys and tmpdir, but monkeypatch involves a lot more and will have a whole chapter on its own (Chapter 8).


capsys


It is great when the code under test returns some value so that we can write tests with expectations based on those returns. Sometimes, production code will alter some behavior and not return anything, or will produce informational output with no real side-effects. This is something that is common in command line tools. Throughout the years, I’ve maintained a lot of command line tools in Python, and I’ve had issues with untested command line output where a modification that broke the output went unnoticed. Capturing stdout or stderr is very useful but it is very painful to do without some sort of helper.


Create a command line tool and save it in a file called cli.py:




  
  import argparse

def main():
    parser = argparse.ArgumentParser(prog='cli')
    parser.add_argument('--foo', help='the foo option!')
    parser.parse_args()

if __name__ == '__main__':
    main()







This command line tool doesn’t do anything, but it does define some options and the argparse module will create a help menu if the -h or --help flags are called, but it will not do anything when called without any flags:




  
  $ python cli.py
$ python cli.py -h
usage: cli [-h] [--foo FOO]

optional arguments:
  -h, --help  show this help message and exit
  --foo FOO   the foo option!







Testing this is going to be a bit complicated, because the ArgumentParser module raises a SystemExit when producing help output even if there aren’t any errors. Additionally, it relies on values of sys.argv to detect the flags.


Create a test function in a test file called test_cli.py, and import the cli module to verify the main() function which is producing this help output. To set the right values for sys.argv, import sys and add the flags calling out for help, and import pytest as well to use a helper that will catch SystemExit, preventing the test from failure:




  
  import pytest
import sys
import cli

def test_help_output_is_generated(capsys):
    sys.argv = ['cli.py', '-h']
    with pytest.raises(SystemExit):
        cli.main()
    out, err = capsys.readouterr()
    assert 'usage: cli [-h] [--foo FOO]' in out
    assert '--foo FOO   the foo option!' in out







The capsys fixture is required as an argument, and allows the test to call cli.main() which is protected from failing by the pytest.raises(SystemExit) line. After calling the code that produces the output capsys.readouterr() is called to produce both stdout and stderr that may have been captured. In this test the out variable was populated with all the stdout produced, which the test later asserts.


tmpdir


Some code is meant to deal with file-like objects. A file is read somewhere into Python code, which then gets transformed, or just read (for example, configuration files). Python has the configparser module that reads configuration settings from a file, and tests need to ensure that the options defined there are read and parsed coorectly. If a parser in a project adds some error handling, then you want to have that tested to ensure the handler is working correclty.


Although it sounds enticing to create a file-like object (the io.StringIO module helps with that), there are things that can’t be tested with an object like that. What if the code handles permission errors or ownership on a file? In some situations it is required to have an actual file to verify behavior.




  
  from configparser import ConfigParser


def is_verbose(config_path):
    config = ConfigParser()
    config.read(config_path)
    try:
        return config.getboolean('main', 'verbose')
    except Error:
        return True







In this example, the function is trying to determine if the application should run in verbose mode, if there are any problems it will default to True. Potential issues that should be tested is if there is no 'main' section or if the verbose option was never set.


Create the first test to check that it defaults to True when the option is not set:




  
  def test_is_verbose_fails(tmpdir):
    path = tmpdir.mkdir('etc').join('app.conf')
    path.write('[main]')
    assert is_verbose(path.strpath) is True







The tmpdir fixture can create directories and subdirectories, as well as files. The first line of the test does this in a path that is unique to the current test run and specific test. It then allows to write to that file, and in this case a single section with no values or sub-sections is used: only the [main] line is written. Finally, the strpath attribute is used to get the full (temporary) path to this file so that the is_verbose() function can read it and try to parse it.


Other tests can be added to ensure the expected behavior. Create two more tests, one that does define the option and sets it to '1' and the other one disables it by setting it to '2':




  
  def test_is_verbose_succeeds_false(tmpdir):
    path = tmpdir.mkdir('etc').join('app.conf')
    path.write('[main]\nverbose = 0')
    assert is_verbose(path.strpath) is False

def test_is_verbose_succeeds_false(tmpdir):
    path = tmpdir.mkdir('etc').join('app.conf')
    path.write('[main]\nverbose = 1')
    assert is_verbose(path.strpath) is True







The same pattern is followed, and now the production test that is reading a file will be loading real files but from a temporary path.


Advanced Fixture usage


So far, the fixtures examples are in their simplest form, but they can be mixed and depend on other fixtures, add their own teardown, and even configure them to limit the scope in which they operate.


Dependencies


Fixtures can also depend on other fixtures, and as many as required. The API is similar to requiring a fixture in a test. In a fixture, by defining the argument that matches an existing fixture will cause the framework to pass it in at runtime.


One fixture that I tend to write a lot is a helper for creating a temporary file. This chapter has already showed the tmpdir fixture which allows to create temporary directories and files with the ability to write to them. Sometimes all a test needs is a file with some pre-baked contents. Instead of creating the file and adding the contents use a fixture so that the repetitive code gets abstracted away.


Let’s reuse the example code that requires an INI-style format, and reduce the repetitive code that tests are doing. The tests are creating a directory, a file, and finally writing some contents. Create a fixture that uses tmpdir so that it abstracts away the boiler-plate code:




  
  @pytest.fixture
def config(tmpdir):
    template = """
[main]
verbose = '{verbose_value}'
    """
    def apply(verbose_value='1'):
        path = tmpdir.mkdir('etc').join('app.conf')
        path.write(template.format(verbose_value=verbose_value))
        return path.strpath
    return apply







This fixture is requiring the tmpdir fixture as a test would, and using it in the nested function called apply() that will create the etc directory and app.conf file, and optionally allowing to tweak the value on that verbose option. The test function can now harness this new abstraction:




  
  def test_is_verbose_succeeds_false(config):
    config_path = config()
    assert is_verbose(config_path) is True







Teardown


A nice feature of fixtures is that they can have an especific way of cleaning up that is not possible with a plain function. This functionality can be done through the request fixture that can be declared as an argument and then using the addfinalizer() call to it.


I recently had to add functional tests for a container-based project. This fixture starts a container, but I want to have the container stopped and removed at the end of the session:




  
  @pytest.fixture(scope='session', autouse=True)
def inline_scan(client):
    container = start_container(
        client,
        image='anchore/inline-scan',
        name='pytest_inline_scan',
        environment={},
        detach=True,
        ports={'8228/tcp': 8228}
    )

    return container







The fixture is modified by declaring its dependency on the request fixture, which is an internal framework fixture that allows runtime operations. In this case, we need to tell the framework that the fixture has a cleanup function that needs to happen:




  
  @pytest.fixture(scope='session', autouse=True)
def inline_scan(client, request):
    # If the container is already running, this will return the running
    # container identified with `pytest_inline_scan`
    container = start_container(
        client,
        image='anchore/inline-scan',
        name='pytest_inline_scan',
        environment={},
        detach=True,
        ports={'8228/tcp': 8228}
    )

    # Do not leave the container running and tear it down at the end of the session
    request.addfinalizer(lambda: teardown_container(client, container))

    return container







The request.addfinalizer() call accepts the callable that gets executed after the test run is complete (as indicated by scope=session). The tear_down() container is a helper that exists in the same module, and the lambda usage enforces a lazy call. Without the lambda there, it would cause the teardown_container to be called right away, which we don’t want.


Scope


In this other project, I had the following steps to test operations with Git:




  
  cd <repo name>
git init
touch A
git config user.email 'you@example.com'
git config user.name 'Your Name'
git add A
git commit -m 'A' A







These steps had to be done once for the module, so it was initially implemented as an enormous class with a setup_class method that did this once for the whole class. But then other classes needed a similar helper and it caused code to be copied over. Not good.


The first take on implementing a fixture for this looked like this:




  
  @pytest.fixture
def git_repository():
    d = tempfile.mkdtemp()
    os.system("""
    cd {d}
    git init
    touch A
    git config user.email 'you@example.com'
    git config user.name 'Your Name'
    git add A
    git commit -m 'A' A
    """.format(d=d))
    return d







This is useful already, and gets called every time a test needs it. The problem is that it does this for every test, and there is no cleanup being done (even though it is using mkdtemp()). The Pytest framework allows to add a teardown which requires defining request as an argument to the fixture, and then adding the cleanup function. This is how the fixture looks now:




  
  @pytest.fixture
def git_repository(request):
    d = tempfile.mkdtemp()
    os.system("""
    cd {d}
    git init
    touch A
    git config user.email 'you@example.com'
    git config user.name 'Your Name'
    git add A
    git commit -m 'A' A
    """.format(d=d))

    def finalizer():
        os.system("rm -fr " + d)
    request.addfinalizer(fin)
    return d







These changes improves things, it adds a finalizer function which will get called at the end of the test (just like a teardown method). But there is something else that can be improved, it could use the tmpdir fixture instead of having to import tempfile and do this with a Python module:




  
  @pytest.fixture
def git_repository(tmpdir):
    path = tmpdir.mkdir('repo')
    os.system("""
    cd {d}
    git init
    touch A
    git config user.email 'you@example.com'
    git config user.name 'Your Name'
    git add A
    git commit -m 'A' A
    """.format(d=path.strpath))

    return path.strpath







I removed the finalizer function. But why? Although the idea is to demonstrate how useful finalizer functions are, it is good to understand that in this case the tmpdir fixture has a finalizer of its own which cleans up after the fixture is used. No need to define it again with a potentially dangerous rm -rf command. One last improvement can be done here. I need this to run for the whole module, not for every test. This is where scoping comes in:




  
  @pytest.fixture(scope='module')
def git_repository(tmpdir):
    path = tmpdir.mkdir('repo')
    os.system("""
    cd {d}
    git init
    touch A
    git config user.email 'you@example.com'
    git config user.name 'Your Name'
    git add A
    git commit -m 'A' A
    """.format(d=path.strpath))

    return path.strpath







Using scope='module' tells the framework that this fixture should run once for every test file (or Python module). Exactly what I needed, preventing copying code around and improving code re-use. There are other scopes possible too:



  	
'function' 	Fixture is called once per test.

  	
'class' 	Fixture is called once per class of tests

  	
'module' 	Fixture is called once per module

  	
'session' 	Fixture is called once per session




Parametrizing


This is another feature of Pytest that took me a while to get used to or to even find an interest in. It felt very unusual and had a hard time grasping what the intent was with it. It became very clear once day I found myself writing lots of tests that where asserting the same thing, just changing the inputs. Whenever you have a test that looks repetitive because the assertions are the same and the inputs are changing, it is a prime candidate for using parametrization.


The production code in this case is a function that tries to convert a string into a boolean. For example a '1' would mean True and a '0' would be False. This is the function:




  
  def strtobool(val):
    true_vals = ['yes', 'y', '', '1']
    false_vals = ['no', 'n', '0']
    try:
        val = val.lower()
    except AttributeError:
        val = str(val).lower()
    if val in true_vals:
        return True
    elif val in false_vals:
        return False
    else:
        raise ValueError("Invalid input value: %s" % val)







It has some guards for case insensitivity, and it raises an exception if the input is completely unacceptable. Initially the tests were very repetitive and looked like this:




  
  class TestStrToBool(object):

    def test_y_is_true(self):
        assert strtobool('y') is True

    def test_y_is_true(self):
        assert strtobool('1') is True

    def test_y_is_true(self):
        assert strtobool('Y') is True

    def test_y_is_true(self):
        assert strtobool('yes') is True

    def test_y_is_true(self):
        assert strtobool('YES') is True







These tests are all making the same assertion for different inputs: they all should return True. That makes it an ideal candidate for parametrization. It allows writing a single test that will inject the various inputs needed:




  
  import pytest

class TestStrToBool(object):

    @pytest.mark.parametrize('user_input', ['y', 'Y', 'YES', 'yes', '1'])
    def test_true_values(self, user_input):
        assert strtobool(user_input) is True







A decorator is required to configure the test method (this would work for functions too). The decorator takes two arguments in this case: the first one is a string to name the argument of the variable that will get injected in the test, I am using 'user_input' here but can be anything that makes sense. This argument is followed by an iterable of the items I want to pass in. The framework will test each one of those items as if they were tests on their own.


Another situation that tells me a test would benefit from parametrization is when a test is using a for loop. Loops for making assertions are not good, because it obscures what assertions are being made, and when there is a failure, it stops execution of anything pending. Parametrization fixes all of that. This is the example output of running the above test in verbose mode:




  
  ============================= test session starts ==============================
platform darwin -- Python 3.6.2, pytest-5.3.2, py-1.8.1, pluggy-0.13.1
cachedir: .pytest_cache
rootdir: /Users/alfredo/python/testing-in-python/chapter7/parametrize
collecting ... collected 5 items

user_inputs.py::TestStrToBool::test_true_values[y] PASSED                [ 20%]
user_inputs.py::TestStrToBool::test_true_values[Y] PASSED                [ 40%]
user_inputs.py::TestStrToBool::test_true_values[YES] PASSED              [ 60%]
user_inputs.py::TestStrToBool::test_true_values[yes] PASSED              [ 80%]
user_inputs.py::TestStrToBool::test_true_values[1] PASSED                [100%]

============================== 5 passed in 0.02s ===============================







Using the -v flag shows the inputs passed for the one test we have in that class (test_true_values), demystifying what is it testing. If a failure would happen, all the other test inputs would still be tried, further improving the robustness of the test suite.











  
Chapter 8: Monkeypatching



  Alfredo Deza



The Python testing community has had quite a few mocking and patching libraries. Perhaps the most popular one is mock which is now part of the standard library. The mock library is very flexible and has lots of different helpers meant to ease testing. When Python 3 was not available, it wasn’t surprising to see projects declare mock as a dependency, but since Python 3.3 it is available in Python as the unittest.mock module.


Pytest has the monkeypatching fixture that can also be used, and it does offer a few ways to patch objects properly. Explaining patching can be tricky, especially for a dynamic language like Python, but in short, it allows us to (safely) replace code at runtime with other code that has the desired behavior for a test. The difficulty comes when trying to configure the patching. Patching is needed when there is no way to pass an object (with the desired behavior) to the test. Sometimes, when writing code, it is preferable to think ahead about how the implementation will allow writing tests easily. If writing tests is challenging, it is a red flag, because it means that the code is not modular, or has too many dependencies on other parts of the code.


Similarly, when patching is overused, it is also a red flag because it means that the code defines lots of state or dependencies that it doesn’t control. It also means that tests will have to do the heavy lifting by creating (or recreating in some cases) the state and dependencies required to verify specific behavior.


Why and when to monkeypatch?


Most of the code that a developer will interact with is already written. There is not that much chance to create large codebases from scratch. The reality is that a lot of large codebases have almost no tests, which is a direct relation with high-complexity code. When writing new code, like a function, for example, if testing is treated as a first-class citizen, at the forefront of producing the function, then it is highly probable that the function will be easier to test. The reason for this is because as you are writing the function, you will think about how to make it easier for yourself when a test gets added.


When testing is not even considered, then expect things to go wild. That small function you produced will grow and grow until it is seven hundred lines of code that no one wants to touch because something always breaks when a change is done. Reason number one to monkeypatch? When a piece of code has dependencies that cannot be passed in as an argument, making it impossible to interact with.


For large pieces of code, I recommend extracting the functionality one needs to interact with and then test that. Do not try to monkeypatch the universe so that you can keep growing the seven hundred line function!


monkeypatching is hard


Don’t be discouraged if the patching doesn’t work. I’ve written Python professionally for over a decade, and I still fumble on patching correctly. It is so rare that I get it right on the first try that it becomes something I celebrate when I do. Patching is difficult because the patching needs to happen where the code (or module) is used, not where it lives. If you are testing a helper() function in my_project.utils and you need to patch the urllib.request module, then the path to patch would be my_project.utils.urllib.request, not urllib.request!


If the import statement in the utils.py file is:




  
  from urllib import request







Then the patching does not need to include urllib, and it becomes: my_project.utils.request. This is not intuitive, it takes time to get used to it, and it is why patching is so hard. It remains a difficult thing to master.


The simplest monkeypatching


I’m going to re-use the build_message() helper from Chapter 7, and modify it to demonstrate how hard it would be to test unless patching is done. The small function created a Python dictionary with useful information from a response object that is passed in as an argument. I’m modifying so that is no longer the case, and now the function calls out to a separate function in the same module.




  
  from urllib import request

def make_request():
    response = request.urlopen('http://api.example.com/')
    response.body = response.read()
    return response

def build_message():
    response = make_request()
    message = {
        "success": True,
        "error": "",
    }
    if response.status >= 400:
        message["success"] = False
        message["error"] = response.body
    return message







This code is now a tragedy. The build_message() function no longer accepts the response object. Instead, it uses a separate function call (make_request()) to make a request to some URL and then get the response object. This type of code is easy to write when not thinking about how to test it out. Patching can get us out of this problem without having to modify production code.


The first thing we need to do is determine where exactly is the module being imported so that the patching can is done correctly. That is the most challenging part of patching! The file layout for the example has utils.py at the same level as the test_utils.py, it looks like this:




  
  .
├── test_utils.py
└── utils.py

0 directories, 2 files







The most straightforward path is going to be patching the make_request() function so that when it is called by build_message(), it gets the FakeResponse object. Since we now know the name of the function we need to patch, we need to figure out the right path to it. The utils module is a top-level module, so the path is going to be: utils.make_request. This is an important thing to understand! Remember: the path is determined by where the code is used, not where it lives. If the make_request function was defined in an http.py module, the patching path would not change!


Create a test that uses monkeypatching to patch the make_request function:




  
  import utils

class FakeResponse:

    def __init__(self, status=200, body=""):
        self.status = status
        self.body = body


def test_build_message_success(monkeypatch):
    def fake_request():
        return FakeResponse()
    monkeypatch.setattr('utils.make_request', fake_request)
    result = utils.build_message()
    assert result["success"] is True







Since the build_message is living in the utils.py file, it requires the import statement at the top. The FakeResponse class is the same as before, and the test function changes a bit to require the monkeypatching fixture. It creates a nested function called fake_request that just returns the fake response class. This is followed by the actual patching, which is done with the setattr (short for set attribute). That patching statement means that at runtime, the build_message() function will not call make_request(), instead it calls fake_request, all handled by the Pytest framework, which patches the code for the test and leaves everything as it was at the end of the test.


The test passes, and it ends the test run. One important thing to note is that the framework is also in charge of cleaning up after every test. Since the code gets altered at runtime, it needs to ensure that after each patching and after the test ends (regardless of success, error, or failure), it cleans up and leave things how they were initially. If that didn’t happen, it would cause other tests that require a normal behavior, to have unexpected problems.


Another approach for patching if using the module path as a string is not working (or inconvenient) is by importing the module containing the callable and then using that module. So instead of: monkeypatch.setattr('utils.make_request', fake_request) the patching for the example test would look like this:




  
  import utils

def test_build_message_success(monkeypatch):
    def fake_request():
        return FakeResponse()
    monkeypatch.setattr(utils, 'make_request', fake_request)
    result = utils.build_message()
    assert result["success"] is True







Not much different, but offers some flexibility to achieve the same objective: that make_request shouldn’t be using a real HTTP request.


Automatic and global monkeypatching


In a small project I worked on, a library had to implement an abstraction to interact with the Jenkins API. The library depended on a third-party dependency that would always try to contact the remote Jenkins API over HTTP. The code was written in a way that required this behavior at runtime, and being unit tests, having a remote Jenkins instance for testing was out of the question.


Fixtures can help here by configuring to automatically be used. In this case in particular, I want to monkeypatch the library globally, for all tests all the time. First define the stub, or code that will react in place of the real library:




  
  class fake_jenkins:
    def get_node_config(self, *a):
        return """<?xml version="1.0" encoding="UTF-8"?><slave></slave>"""

    def __getattr__(self, *a):
        return self

    def __call__(self, *a, **kw):
        return {}







This fake_jenkins() class is fairly specific, it is setting some default behavior, returning valid XML when get_node_config is called. Next, create the fixture:




  
  import pytest

@pytest.fixture(autouse=True)
def no_jenkins_requests(monkeypatch):
    monkeypatch.setattr("jenkins.Jenkins", lambda *a: fake_jenkins())







This fixture, in particular, is using two essential features: it defines autouse=True so that it is automatically called, and it depends on the monkeypatch fixture. The combination of these two features does the patching work automatically via the framework. By placing the fixture in conftest.py and setting the autouse argument to True makes jenkins.Jenkins to return the patched version (fake_jenkins) for anything that calls it during the test session. No extra configuration or flags needed.


Other patching


Patching is not only for modules, functions, or classes. The monkeypatch fixture offers a lot more than that. So far, I’ve only demonstrated the setattr() call that sets whatever attribute we need on the patched function, class, or class attribute. Just like setattr() sets the attribute, the delattr() removes attributes.


Another useful one is monkeypatch.setitem which sets an item in a dictionary. This might not seem like a big deal, but applications that hold a global configuration based on dictionaries can easily get polluted after a test is messing with values. setitem() safely adds what it needs to and cleans up afterward (like all patching callables).


Two other useful patching helpers, are the setenv() and delenv() when environment variables are needed to alter behavior in tests. Like all patching helpers, these also take care of leaving everything as it was before the manipulation.


This is the list of monkeypatch utilities:



  	monkeypatch.setattr(obj, name, value, raising=True)

  	monkeypatch.delattr(obj, name, raising=True)

  	monkeypatch.setitem(mapping, name, value)

  	monkeypatch.delitem(obj, name, raising=True)

  	monkeypatch.setenv(name, value, prepend=False)

  	monkeypatch.delenv(name, raising=True)

  	monkeypatch.syspath_prepend(path)

  	monkeypatch.chdir(path)




The raising=True argument means that if the attribute doesn’t exist, it raises an AttributeError. It allows to ignore the error handling and forcefully patch.


Finally, the chdir() utility can change the current working path for the executing test. It is utilities like this one in the framework that make it so nice to work with. After going through some of the lesser-known monkeypatch capabilities, I’m sure I will be using those more often, rather than implementing them (poorly) on my own.


When not to monkeypatch


I emphasize that complex code, with lots of conditionals and nested code, that has too many dependencies, not only is hard to test, but it is also horrible to patch correctly. So much patching is going to have to be done that it is going to become a brittle test. Write new functionality (or extract existing ones) into smaller chunks that are easily testable.


This test uses the mock library, it abuses the patching so that the state is just perfect for the code it needs to verify. It isn’t a good test because there is too much going on, it is easy to break. When a test is too brittle, it defies its purpose, which is to give confidence when developing. No one likes to fix several broken tests because the patching is wrong!




  
      @patch('barn.suite.util.find_git_parent')
    @patch('barn.suite.run.Run.schedule_jobs')
    @patch('barn.suite.util.has_packages_for_distro')
    @patch('barn.suite.util.get_package_versions')
    @patch('barn.suite.util.get_install_task_flavor')
    @patch('__builtin__.file')
    @patch('barn.suite.run.build_matrix')
    @patch('barn.suite.util.git_ls_remote')
    @patch('barn.suite.util.package_version_for_hash')
    @patch('barn.suite.util.git_validate_sha1')
    @patch('barn.suite.util.get_arch')
    def test_newest_failure(
        self,
        m_get_arch,
        m_git_validate_sha1,
        m_package_version_for_hash,
        m_git_ls_remote,
        m_build_matrix,
        m_file,
        m_get_install_task_flavor,
        m_get_package_versions,
        m_has_packages_for_distro,
        m_schedule_jobs,
        m_find_git_parent,
    ):







If more than three patches are needed, it is probably time to rethink the strategy. Not only the above test is brittle, but it is also hard to read and understand what is going on. Readable tests keep developers happy and keeps you sane. If developers are happy and you have kept your sanity, it snowballs into writing more tests when code is modified, or new features are added.


Once you fully understand how to patch and do it correctly, it is very tempting to try and patch everything all the time. It is the path of least resistance! You need to add a test, and you can be done with patching quickly or take a bit longer and possibly refactor the code. Which one to pick?


One thing I tend to do to avoid patching is to allow passing dependencies as arguments. Even if these aren’t required, just for making it easier to test. This is an example based on the official Python documentation on how to use the argparse module used in command-line tools:




  
  >>> parser = argparse.ArgumentParser(prog='myprogram')
>>> parser.print_help()







Use it to create a single file and name it cli.py as a command-line tool (name it cli.py):




  
  import argparse

def main():
    parser = argparse.ArgumentParser(prog='myprogram')
    parser.parse_args(argv)
    parser.print_help()

if __name__ == '__main__':
    main()







It prints the help menu on the terminal when executed with python cli.py. To test different scenarios here requires messing with how Python sees the arguments via sys.argv. I don’t want to do that, and I want to avoid a possible collision. Allowing argv to be passed into the main() function makes it straightforward, but there is a catch: this is only useful for testing, and the regular sys.argv should be used otherwise. I use this pattern of optionally allowing it, falling back to the real sys.argv that is needed:




  
  def main(argv=None):
    argv = argv or sys.argv
    parser = argparse.ArgumentParser(prog='myprogram')
    parser.parse_args(argv)
    parser.print_help()







By setting argv=None and then switching to the real sys.argv if it is a None, allows the code to work regularly and make it so much easier to test with. Some refer to this technique as dependency injection. It means that dependencies are injected (passed in as arguments) to work with the code.


At test time, there is no need to patch, argv can be passed in:




  
  >>> from cli import main
>>> main(argv=["--help"])
usage: myprogram [-h]

optional arguments:
  -h, --help  show this help message and exit







Patching builtin modules


Don’t do it! Patching builtin modules is problematic because it affects the behavior in other libraries (including the test framework). One of the most used built-in modules is the os module. Patching anything in the os module risks unexpected behavior from other tools that are out of control from the code under test.


If the code tested is using the os module directly, there are a couple of workarounds rather than attempting to patch it. One of them is adding an optional argument so that the dependency is injected.


This code uses os.walk to traverse the filesystem to find files that have the Python suffix:




  
  import os

def find(path='.'):
    if path == '.':
        path = os.getcwd()
    python_files = []
    for root, dirs, files in os.walk(path):
        for _file in files:
            if _file.endswith('.py'):
                python_files.append(os.path.join(root, _file))
    return python_files







To add tests for this function, you shouldn’t patch os.walk. Modify it to use dependency injection as the first approach:




  
  import os

def find(path='.', _walk=None):
    _walk = _walk or os.walk
    if path == '.':
        path = os.getcwd()
    python_files = []
    for root, dirs, files in _walk(path):
        for _file in files:
            if _file.endswith('.py'):
                python_files.append(os.path.join(root, _file))
    return python_files







By using the pattern of _walk = _walk or os.walk it is defaulting to the right os.walk module unless it is passed in (injected). The other alternative would be to extract the part where the filesystem is traversed:




  
  def walk(path):
    for root, dirs, files in os.walk(path):
        for _file in files:
            yield os.path.join(root, _file)

def find(path='.'):
    if path == '.':
        path = os.getcwd()
    python_files = []
    for _file in walk(path):
        if _file.endswith('.py'):
            python_files.append(_file)
    return python_files







Extracting and refactoring looks perfect for this example, as it adapts the walk() function to be a bit more useful returning absolute paths, which in turn makes the find() function smaller and faster to grasp.











  
Chapter 9: Testing matrix with Tox



  Alfredo Deza



Tox is a project that comes from the same creators of the Pytest framework. Its first release was announced a few years ago by Holger Krekel. My first reaction was that I hoped the tool would create different Python installations. It was back when most Python software was developed for 2.5 and 2.6, while 2.7 was in the near horizon.


I didn’t understand why it was so useful and didn’t quite grasp what it was trying to solve. The language differences in the Python 2.x series wasn’t drastic, and Python 3 was not a reality. And then, one day, I was releasing a new version of a library I was maintaining and released it on the Python Package Index (PyPI): the library was uninstallable. As soon as someone tried to install it, the tool raised an exception from its setup.py file, making it unable to complete the installation.


The setup.py file imported the library itself to determine the version. By importing the library before its installation, it meant that the dependencies for the library were not installed yet, which broke the tool. “How is this possible? I have good coverage! Why didn’t my tests catch this problem?” I thought to myself.


This is how the setup.py file was setting the version:




  
  from setuptools import setup, find_packages

import remoto

version = remoto.__version__

setup(
    name = 'remoto',
    description = 'Execute remote commands or processes.',
    packages = find_packages(),
    author = 'Alfredo Deza',
    author_email = 'contact@deza.pe',
    version = version,
    url = 'http://github.com/alfredodeza/remoto',
    keywords = "remote, commands, unix, ssh, socket, execute, terminal",
    install_requires=['execnet']
)







The issue went undetected because the workflow for running the tests involved installing the library itself. The steps are similar to:



  	Create a virtual environment with virtualenv and activate it

  	Run python setup.py develop


  	Run the tests which import the library components




The catastrophic failure went undetected because part of the development process involved installing the project at the beginning of development, and the tests don’t re-install the library on each run. Looking back, this can be prevented with some continuous integration. Still, I didn’t have a server to run Jenkins, and this was back when online platforms offering continuous integration or continuous delivery weren’t that common.


This is part of the problem that the Tox project solved for me: by default, it creates a brand new virtual environment where the project gets installed, and then the tests run. What a great concept, which builds on two pillars of robustness: verify that software can work on isolation (virtualenvs are exclusive), and results are repetitive and verifiable.


Just with that feature, the tox project is tremendously useful. I don’t think I’ve ever developed a project without it, and I don’t release without running tox before. But the tool, which can also be thought of as a framework, offers much more than creating a virtual environment to install software and run tests.


If you are curious, to improve the robustness of the library, and get the version without importing the module, the setup.py file got updated to parse the version string with a regular expression:




  
  import re

module_file = open("remoto/__init__.py").read()
metadata = dict(re.findall(r"__([a-z]+)__\s*=\s*['\"]([^'\"]*)['\"]", module_file))

from setuptools import setup, find_packages

setup(
    name = 'remoto',
    description = 'Execute remote commands or processes.',
    packages = find_packages(),
    author = 'Alfredo Deza',
    author_email = 'contact@deza.pe',
    version = metadata['version'],
    url = 'http://github.com/alfredodeza/remoto',
    keywords = "remote, commands, unix, ssh, socket, execute, terminal",
    install_requires=['execnet']
)







The regular expression relies on the fact that the version format will not change (since I am in control of it) and looks for any variable in remoto/__init__.py that exists with a double underscore, creating a dictionary mapping. The setup() function uses this mapping to set the version:




  
  version = metadata['version']







By not having an import statement, it avoids any requirements that exist today or may exist in the future of the library, preventing a problem when installing. And by testing its installation process with tox, the release workflow increases its robustness.


Testing different Python versions


After the initial release of tox, Python 3 started to become a critical version to support, and being able to test backwards compatibility in projects was crucial. Although some projects decide to have separate releases for Python 2 and 3, a lot of other projects went with a single code base to support both major versions at the same time. Support both soon became what all projects did, and there was no easier way to test every single version than to do it with tox.


The project consumes a configuration file that uses an INI-style to define what it needs to do. In its most simple definition, this is how it looks for a small Python project that wants to support Python versions 2.7, 3.5, and 3.6:




  
  [tox]
envlist = py27, py35, py36







The [tox] section defines configurations and settings for Tox itself, and for the first example, there is no need to define anything else. On the command-line, if running on the same directory where the tox.ini file is defined, you can list what environments are possible:




  
  $ tox -l
py27
py35
py36







Defining the Python versions in envlist and then listing them in the terminal is fine, but doesn’t do much. A testenv section has to exist to define the steps to run validation:




  
  [testenv]
deps =
    pytest
commands = pytest -v remoto/tests







The [testenv] section configures the steps necessary for installing test dependencies via the deps variable and running the tests with the commands variable, whatever those tests may be. These dependencies and steps to run tests are repeated for each version defined in envlist. You might not see it yet, but this is effectively a test matrix, although it is a flat one at the moment: it tests one version of Python after the other until it completes.


Now that most of the Python ecosystem lives in Python 3 land, you might think testing multiple versions is that important. Although the differences between, say 3.5 and 3.6 aren’t that big, you would be surprised as to what things you can uncover by exercising the code under different versions. I tend to think that tox makes it too easy to test, and it is worthwhile to include other versions.


Recently, while working in production code, there was a dictionary used to collect some metadata, then it would go through a loop to retrieve stored values. The code relied on a little unknown fact of Python dictionaries: until recently, the order of insertion was kept so it was common to assume this would always be the case. It was the case in Python 2, and on the first few versions of Python 3, it suddenly wasn’t. To add to this confusion, the language reverted this randomness in early versions of Python 3 (up until 3.5) and introduced order-keeping dictionaries from 3.6 onwards.


As a Python developer working with a large codebase, you might not be aware of every corner that might hit issues like this. So even if you do not think that testing against Python 2 versions is useful for your application, testing between Python 3 versions has value.


Take a close look at this code snippet:




  
  data = {'alfredo': 1, 'noah': 5, 'pytest': 2, 'tox': 3}

print(list(data.items()))







Save the file as order_keeping.py and create a new file (run.sh) to run it with different versions. I happen to have different Python versions installed locally:




  
  #!/bin/bash

set -x

python2.7 order_keeping.py
python3.5 order_keeping.py
python3.6 order_keeping.py
python3.8 order_keeping.py







Running the bash script demonstrates the behavior with dictionaries: from ordered, to randomized ordering, to ordered again:




  
  $ bash run.sh
+ python2.7 order_keeping.py
[('alfredo', 1), ('tox', 3), ('pytest', 2), ('noah', 5)]
+ python3.5 order_keeping.py
[('noah', 5), ('alfredo', 1), ('tox', 3), ('pytest', 2)]
+ python3.6 order_keeping.py
[('alfredo', 1), ('noah', 5), ('pytest', 2), ('tox', 3)]
+ python3.8 order_keeping.py
[('alfredo', 1), ('noah', 5), ('pytest', 2), ('tox', 3)]







Although Python 3.6 has the ordered dictionary, the language has mandated this behavior as part of the specification starting on 3.7.


Expanding the testing matrix


So far, the examples have shown a rather flat matrix with testing different Python versions against the same Python project. It isn’t an easy feat to attempt a multidimensional matrix while trying to keep a flat and easy to understand configuration file. The Tox project has found a reasonable middle ground with a way of defining variables that allows expanding a matrix at runtime.


Install the tox package and create a new configuration file, by default, this has to be named tox.ini so the tool can find it by the naming convention. You can always rename it later.


This is the tox.ini for the remoto project. It tests a few different (and some dated) Python versions:




  
  [tox]
envlist =  py26, py27, py33, py36

[testenv]
deps =
    pytest
    mock
commands = py.test -v remoto/tests







The testenv section explains what tox should install for testing purposes and what commands it needs to run. In this case, it is a single one: it just runs pytest.


Install the tox package and create a new configuration file that looks the same as the remoto project. We need to make it multidimensional and support a few use cases. The idea is that I don’t want to support Python 2.6 or 2.7 any longer, so I need a specific release version and branch associated with that, and then continue releasing for newer Python versions.


The latest release is 1.1.4, so a new branch is created called 1.1, and the master branch will now be bumped to a major version. I am calling that a 2.x. I want to test the branch for version 1 with Python 2 and the rest with Python 3. The configuration file needs to have some variables, these are called factors by Tox, and curly brackets are used to create them. Modify the envlist so it looks like this:




  
  [tox]
envlist = py{27,35,36,37,38}-release_{1.1, 2.x}







Now run tox -l, which will list every combination possible for testing:




  
  $ tox -l
py27-release_1.1
py27-release_2.0
py35-release_1.1
py35-release_2.0
py36-release_1.1
py36-release_2.0
py37-release_1.1
py37-release_2.0
py38-release_1.1
py38-release_2.0







5 different Python versions and two different remoto branches create 10 combinations possible, and these are all created automatically by tox. The initial idea here was to test specific Python versions individually with each branch and then the newer (Python 3) versions for the 2.x series, not test everything against everything. There is an essential aspect of these configurations that needs a thorough understanding to move forward: dashes separate variables, and curly brackets define multiple combinations of those variables.


The last line in the previous tox output showed this:




  
  py38-release_2.0







There are two factors (variables) there: py38 and release_2.0. These can be used later to define a specific configuration that pertains just to that environment alone. A common mishap is to forget that dashes separate variables, which may cause confusion later on. If I want to configure something that relates to release_2.0, but the lines were defined as py38-release-2.0 then there would be three variables: py38, release, and 2.0.


To improve the configuration and test Python 2 against the 1.1 branch, the envlist needs to change:




  
  [tox]
envlist = py27-release_1.1, py{35,36,37,38}-release_2.x







Run tox again, and the matrix should be reduced:




  
  $ tox -l
py27-release_1.1
py35-release_2.x
py36-release_2.x
py37-release_2.x
py38-release_2.x







Testing 2.7 with the 1.1 branch and then all the newer Python versions against the 2.x branch is exactly what I was looking for.


Understanding variables better


After years of using Tox in many projects, I found myself confused sometimes about variables. In the previous section, the tox.ini file was improved to support a big matrix, and curly brackets helped here. These innovations didn’t come to the framework until later, and it took me a while to get used to them. Let’s reuse the same example to understand further what is going on:




  
  [tox]
envlist = py27-release_1.1, py{35,36,37,38}-release_2.x







That format allows an abbreviated way of describing each environment, and it is equal to the following (expanded) form:




  
  [tox]
envlist =
    py27-release_1.1, py35-release_2.x, py36-release_2.x,
    py37-release_2.x py38-release_2.x







The abbreviated form is great when mixing at least two dimensions, and it truly shines when there is a third (or more!) variable in the mix.


Using factors


As I’ve shown, factors are an essential way to describe the type of environment a test is going to run in. But these factors haven’t seen anything remarkable as to why or when they could be useful. They are incredibly handy when a particular action or configuration is specific to that factor. This is a widespread problem to solve when testing different environments in a matrix.


One of the common issues for trying to maintain older versions of Python in libraries is that other libraries are stopping support and maintenance. In the case of Pytest, for example, the support for Python version 2.7 has stopped in version 4.6. This means that if trying to test a project with Pytest on Python 2.7, it must install a specific version and not just the latest.


If a project is testing in many different Python versions, factors can solve this. Once again, reusing the tox.ini in this chapter, we have the following environment list:




  
  [tox]
envlist = py27-release_1.1, py{35,36,37,38}-release_2.x







Remember that every dash separates a factor, and Pytest needs a specific version installed for the Python 2.7 version, which is associated with the py27 factor. In the [testenv] section, the dependency list needs to be updated to install the required Pytedt version but only for the py27 factor:




  
  [testenv]
deps =
  py27: pytest<4.7
  py35,py36,py37,py38: pytest==5.3.4







Now on py27 the Pytest version will always be less than 4.7. I do it this way so that if the Pytest team releases newer minor versions I can install them without having to be too specific. The Pytest project said that 4.6 is the last version supporting 2.7, but they often release minor bug fixes which are useful to consume.


Since the py27 environment defines a specific Pytest version, the other environments need to be updated to define what version to install. The configuration allows grouping them, separated by a comma, to define this.


Another way to set these different behaviors is by leaving the [testenv] section with the defaults for every environment, and add a separate one for the environments that need modification. The example would then change the testenv section to this:




  
  [testenv]
deps =
    pytest==5.3.4

[testenv:py27]
deps =
    pytest<4.7







Linting and other validations


There are two non-testing things I usually include in a tox.ini file: documentation and linting. These examples should open the door for many other execution environments that aren’t necessarily tied to Python or unit testing at all.


Although I have a preference for the Flake8 linter, these examples can be applied to any. I don’t want to lint the project under every Python version, so I add a new environment to the envlist called flake8:




  
  [tox]
envlist = py27-release_1.1, py{35,36,37,38}-release_2.x, flake8







Next, I add a new section to the tox.ini file which defines its own set of dependencies and commands to run:




  
  [testenv:flake8]
deps=flake8
commands=flake8 --select=F,E9







This allows the tox run to selectively use the flake8 environment only for linting:




  
  $ tox -e flae8
tox -e flake8
GLOB sdist-make:
    /Users/alfredo/python/remoto/setup.py
flake8 inst-nodeps:
    /Users/alfredo/python/remoto/.tox/.tmp/package/1/remoto-1.1.0.zip
flake8 installed:
    apipkg==1.5,entrypoints==0.3,execnet==1.7.1,flake8==3.7.9,mccabe==0.6.1,
    pycodestyle==2.5.0,pyflakes==2.1.1,remoto==1.1.0
flake8 run-test-pre: PYTHONHASHSEED='1857083419'
flake8 runtests: commands[0] | flake8 --select=F,E9 remoto
___________________________________ summary ____________________________________
  flake8: commands succeeded
  congratulations :)







Similarly, the documentation can be built by expanding the configuration file to add another new section. The documentation needs to be built with a few more specifics because the executing directory needs to change, and some paths need to be specified. This is how I use Tox to build the documentation using Sphinx:




  
  [testenv:docs]
changedir=docs/source
deps=sphinx
commands=
    sphinx-build -W -b html -d {envtmpdir}/doctrees .  {envtmpdir}/html







There are a few elements that are new that control the execution environment in this example. Just like the flake8 environment, the section follows the pattern of adding the new name after testenv:. Then the changedir directive is added, which points to what looks like a path (docs/source in this case). That means that before running any command, the framework changes its working directory to docs/source to run.


Specifying a relative path works well because wherever the tox.ini file lives is where the working directory will be, and docs/source happens to be the path relative to the tox.ini where Sphinx needs to run.


Next, the dependencies are installed, and in this case, it is just sphinx that needs to be available so that the documentation builds.


Finally, the one command that runs is sphinx-build which attempts to build the documentation for the project, using a few flags to control its execution. The -W flag for example, treats warnings as errors, so that it can return a non-zero exit status if there is any warning - this is crucial for continuous integration builds. The documentation produces html and the {envtmpdir} variable is used which points to the root of the virtual environment where the project has been installed.


Just like building documentation and linting has been shown in this section, you can extend Tox to run lots of other tests or validations. Linting and building documentation are barely scratching the surface. Just recently, I was involved in creating a Tox workflow for testing a multi-service application using containers. All possible with a few tweaks to an existing tox.ini.


I hope that you find using Tox as powerful and crucial to a project as I do, and manage to extend it beyond its seemingly Python-only approach.











  
Chapter 10: Continuous Integration and Continuous Delivery



  author:  Noah Gift



There is no shortage of options to build source code.  The three main offerings for build servers are:


1.  SaaS Build providers like Circleci.
2.  Cloud build providers like AWS Code Build.
3.  Open source like Jenkins


This section tackles both the concepts around CI/CD and shows many practical examples.  Let’s get started.


What is Continuous Integration and Continuous Delivery and Why Do They Matter?


Automation is the central component of both testing and deployment.  Continuous Integration is the process of building and testing software.  Continuous Delivery is taking this a step further and also deploying the software to a new environment.


Let’s take a look at this diagram and walk through a few of the concepts.  Notice that a local developer has a few key components: Makefile, linting, formatting, reporting, and a Dockerfile.  A developer will use all of these components to improve the quality of their code locally consistently.  They will also make sure their code passes tests locally before pushing to source control.



  
    [image: ]
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Using a Makefile or a similar tool is very important because it serves the purpose of a recipe book.  You can run the same commands on the build server as you did locally, say make lint, or make test.  This step simplifies the complexity of setting up a build server.  There is nothing worse than an extremely complex local setup for testing and wholly different and complex remote setup for testing.


The build server in this diagram can be any build server.  The build server notifies of changes to source control, and a “build job” will be triggered.  This step is the “continuous” component of a continuous integration system.  With every change that pushed to source control, the build server has the tools necessary not just to enforce a level of quality but also improve the quality of the code.


How could the build server improve quality?  The build server could automatically format code to meet a standard.  Perhaps with a tool like Python black.  The build server could also run behavioral analytics and hot spots in the code like code churn on unusual check-ins, perhaps using a tool like devml.


Now let’s move on to the Continuous Delivery aspect.  The critical change enabler of Continuous Delivery is the cloud.  Previous to the cloud, it was very difficult or impossible to create a new environment to test deployment.  You had to literally buy servers, and then a human was involved in provisioning the hardware.  Even virtual machines did little to make deployment fully automated.  Later tools like puppet and chef helped automate things, but often there were still humans involved and processes that were not fully automated.  The latest generation of automation works well because the entire infrastructure is code.


This process is IaC (Infrastructure as Code). The infrastructure is then checked in side by side with the source code.  It can provision a new environment and configure that application.  This step leads to a fully automatable deployment with humans “out of the loop.”  Examples of IaC include Terraform, Pulumi and AWS Cloud Formation.  All modern systems should build in continuous Delivery as a requirement.  There are few, if any, valid reasons not automatically to test and deploy modern software application.


Jenkins


Jenkins is a long-running open-source build server that has over 1,500 plugins and works on Linux, Windows, and OS X.  There are many exciting ways to use Jenkins for testing.  One of the easiest ways to use Jenkins is to first run it in via a war file.  The latest installation instructions is here.  From a high-level, though, the general idea is to curl this file and run it in Java.


Here is one example of how to do this on an OS X machine (although this should work well on Linux environment like AWS Cloud9)


1.  cd into /tmp




  
  $ cd /tmp







2.  Use wget to download the jenkins.war file or curl.




  
  $ wget http://mirrors.jenkins.io/war-stable/latest/jenkins.war








  	Next, run it in foreground mode (this means watching the output and keeping the shell) using Java.






  
  $ java -jar jenkins.war







You will see some output like this:




  
  Running from: /private/tmp/jenkins.war
webroot: $user.home/.jenkins
2020-02-16 21:24:41.139+0000 [id=1]    INFO    org.eclipse.jetty.util.log.Log#initia\
lized:







4.  Go to http://localhost:8080 and unlock it by copying the output of the password location.  In this particular scenario, it put into the web page.
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Next, you can put in throwaway user credentials like admin or test to initially get things working.


5.  Setup a project and then make a build step.
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I typically use this style of the workflow first to test out what I want to do.  From here, I may decide to create a Jenkins slave or two on a different operating system, say the OS X build machine I use to compile iOS applications.  This same setup style also works well when configuring Jenkins in the cloud.


CircleCI


Setup CircleCI inside AWS Cloud9


The steps to set up CircleCI outlined is here, but at a high level, it is:


1.  Authenticate to CircleCI with Github account credentials
2.  “Add Project.”
3.  Copy and edit  .circleci/config.yml in the development environment.
4.  Build from CircleCI manually to test (then it should be automatic)
5.  Integrate build badge in Github README.md


One tricky item is that you will need to “toggle” editing hidden files if you are using a cloud editor like AWS Cloud9 or Google Cloud Shell.  With AWS Cloud9 you right-click on the left pane folder here as shown here to toggle hidden files:
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Afterward, you should be able to edit a hidden directory like .circleci.
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Extending a Makefile for use with Docker Containers and CircleCI


Beyond the simple Makefile, it is also useful to extend it to do other things.  An example of this is as follows:




  Example Makefile for Docker and Circleci
  setup:
    python3 -m venv ~/.container-revolution-devops

install:
    pip install --upgrade pip &&\
        pip install -r requirements.txt

test:
    #python -m pytest -vv --cov=myrepolib tests/*.py
    #python -m pytest --nbval notebook.ipynb

validate-circleci:
    # See https://circleci.com/docs/2.0/local-cli/#processing-a-config
    circleci config process .circleci/config.yml

run-circleci-local:
    # See https://circleci.com/docs/2.0/local-cli/#running-a-job
    circleci local execute

lint:
    hadolint demos/flask-sklearn/Dockerfile
    pylint --disable=R,C,W1203,W1202 demos/**/**.py

all: install lint test







A Dockerfile linter is called hadolint checks for bugs in a Dockerfile.  A local version of the CircleCI build system allows for testing in the same environment as the SaaS offering.  The minimalism is still present:  make install, make lint and make test, but the lint step is more complete and authoritative with the inclusion of Dockerfile as well as Python linting.



  Notes about installing hadolint and circleci:  If you are on OS X you can brew install hadolint if you are on another platform follow the instructions from hadolint/  To install the local version of circleci on OS X or Linux you can run curl -fLSs https://circle.ci/cli | bash or follow the official instructions for local version of the CircleCI build system



GCP Cloud Build


Google App Engine and Cloud Build Continuous Delivery


SOURCE CODE HERE:  https://github.com/noahgift/delivery


SCREENCAST of Tutorial Here:


[  

![](https://img.youtube.com/vi/_TfWdOvQXwU/0.jpg)

](https://youtu.be/_TfWdOvQXwU)

1.  Create a Github repo
2.  Create a project in GCP UI (your project name will be different)
2A Setup API as well
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3.  Activate cloud-shell and add ssh-keys if not already added to Github: i.e., ssh-keygen -t rsa than upload key to Github ssh settings.


4.  Create an initial project scaffold.  You will need the following files, which you can create with the following commands. Note you can copy app.yaml, main.py, main_test.py and requirements.txt from this repo from google.



  	Makefile: touch Makefile





This step allows an easy to remember convention.



  	requirements.txt: touch requirements.txt





These are the packages we use.



  	app.py:  touch app.yaml





This step is part of the IaC (Infrastructure as Code) and configures the PaaS environment for Google App Engine.



  	main.py: touch main.py





This step is the logic of the Flask application.


5.  Run describe


verify the project is working



  
  gcloud projects describe $GOOGLE_CLOUD_PROJECT







The output of the command:




  
  createTime: '2019-05-29T21:21:10.187Z'
lifecycleState: ACTIVE
name: helloml
projectId: helloml-xxxxx
projectNumber: '881692383648'







6.  You may want to verify you have the correct project and if not, do this to switch:




  
  gcloud config set project $GOOGLE_CLOUD_PROJECT







7.  Create an app engine app:




  
  gcloud app create






This step will ask for the region.  Go ahead and pick us-central [12]




  
  Creating App Engine application in project [helloml-xxx] and region [us-central]....\
done.
Success! The app is created. Please use `gcloud app deploy` to deploy your first app.







10. create and source the virtual environment:




  
  virtualenv --python $(which python) venv
source venv/bin/activate







double check it works:




  
  which python
/home/noah_gift/python-docs-samples/appengine/standard_python37/hello_world/venv/bin\
/python







10.  activate cloud shell editor
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11.  install packages:




  
  make install







This step should install flask and other packages you have created




  
  Flask==1.x.x







12.  run flask locally


This step runs flask locally in gcp shell




  
  python main.py







13.  preview
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14.  update main.py




  
  from flask import Flask
from flask import jsonify

app = Flask(__name__)

@app.route('/')
def hello():
    """Return a friendly HTTP greeting."""
    return 'Hello I like to make AI Apps'

@app.route('/name/<value>')
def name(value):
    val = {"value": value}
    return jsonify(val)

if __name__ == '__main__':
    app.run(host='127.0.0.1', port=8080, debug=True)







15.  Test out passing in parameters to exercise this function:




  
  @app.route('/name/<value>')
def name(value):
    val = {"value": value}
    return jsonify(val)






For example, calling this route will take the word lion and pass into the name function in flask:



  
  https://8080-dot-3104625-dot-devshell.appspot.com/name/lion






returns value in web browser:



  
  {
value: "lion"
}






16.  Now deploy the app




  
  gcloud app deploy







Warning first deploy could take about 10 minutes
FYI!!! you may also need to enable cloud build API.




  
  Do you want to continue (Y/n)?  y
Beginning deployment of service [default]...
╔════════════════════════════════════════════════════════════╗
╠═ Uploading 934 files to Google Cloud Storage              ═╣







17.  Now stream the log files:




  
  gcloud app logs tail -s default







18.  The production app is deployed and should like this:




  
  Setting traffic split for service [default]...done.
Deployed service [default] to [https://helloml-xxx.appspot.com]
You can stream logs from the command line by running:
  $ gcloud app logs tail -s default

  $ gcloud app browse
(venv) noah_gift@cloudshell:~/hello_world (helloml-242121)$ gcloud app
 logs tail -s default
Waiting for new log entries...
2019-05-29 22:45:02 [2019-05-29 22:45:02][INFO] Starting gunicorn 19.9.0
2019-05-29 22:45:02 [2019-05-29 22:45:02][INFO] Listening at: 0.0.0.0:8081
2019-05-29 22:45:02 [2019-05-29 22:45:02][INFO] Using worker: threads
2019-05-29 22:45:02 [2019-05-29 22:45:02] [INFO] Booting worker with pid: 25
2019-05-29 22:45:02 [2019-05-29 22:45:02] [INFO] Booting worker with pid: 27
2019-05-29 22:45:04 "GET /favicon.ico HTTP/1.1" 404
2019-05-29 22:46:25 "GET /name/usf HTTP/1.1" 200







19.  Add a new route and test it out




  
  @app.route('/html')
def html():
    """Returns some custom HTML"""
    return """
    <title>This is a Hello World World Page</title>
    <p>Hello</p>
    <p><b>World</b></p>
    """







20.  Install pandas and return JSON results


At this point, you may want to consider creating a Makefile and do this:




  
  touch Makefile
#this goes inside that file
install:
    pip install -r requirements.txt






you also may want to setup lint:




  
  pylint --disable=R,C main.py
------------------------------------
Your code has been rated at 10.00/10







The route looks like this:


add pandas import at top:




  
  import pandas as pd









  
  @app.route('/pandas')
def pandas_sugar():
    url = ("https://raw.githubusercontent.com/noahgift/"
           "sugar/master/data/education_sugar_cdc_2003.csv")
    df = pd.read_csv(url)
    return jsonify(df.to_dict())







When you call the route https://<yourapp>.appspot.com/pandas


you should get something like this:
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Cloud Build Continuous Deploy


Now to set up Cloud Build Continuous Deploy you can follow the guide here.



  	Create a cloudbuild.yaml file

  	Add to the repo and push git add cloudbuild.yaml, git commit -m "add cloudbuild config", git push origin master.

  	Create a build trigger

  	Push a simple change

  	View progress in build triggers page





Continuous Delivery for Hugo Static Site from Zero using AWS Code Pipeline


Hugo is a popular static site generator. This tutorial will guide you through using AWS Cloud9 to create a Hugo website and develop against it using the cloud development environment.  The final step will be the set up a continuous integration pipeline using AWS Code Pipeline.



  Note these steps will be similar for other cloud environments or your OS X laptop, but this particular tutorial targets AWS Cloud9.



The steps described below cover in detail in this screencast, HUGO CONTINOUS DELIVER WITH AWS:


[  

![](https://img.youtube.com/vi/xiodvLdPnvI/0.jpg)
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  	Step 1:  Launch an AWS Cloud9 Environment




Use the AWS Free Tier and a Cloud9 Environment with the defaults.



  	Step2:  Download the hugo binary and put it in your Cloud9 path




Go to the latest releases of hugo https://github.com/gohugoio/hugo/releases.  Download the latest release using the wget command.  It should look something like this:




  
  wget https://github.com/gohugoio/hugo/releases/download/v0.63.0/hugo_0.63.0_Linux-32\
bit.tar.gz








  Note that you shouldn’t just blindly cut and paste the code above!  Make sure you get the latest release or if not on Cloud9, use the appropriate version



Now put this file in your ~/.bin directory using these commands (again make sure you put your version of Hugo here:  i.e., hugo_0.99.x_Linux-32bit.tar.gz):




  
  tar xzvf hugo_0.62.2_Linux-32bit.tar.gz
mkdir -p ~/bin
mv ~/environment/hugo . #assuming that you download this into ~/environment
which hugo              #this shows the `path` to hugo







The output of which hugo should be something like:




  
  ec2-user:~/environment $ which hugo
~/bin/hugo







Finally, check to see that the version flag works as a basic sanity check. This step is what it looks like on my cloud9 machine (your version number will likely be different)




  
  ec2-user:~/environment $ hugo version
Hugo Static Site Generator v0.62.2-83E50184 linux/386 BuildDate: 2020-01-05T18:51:38Z







These steps should get you access to hugo, and you can run it like any other tool.  If you cannot or get stuck, refer to the screencast later on and look at the quickstart guide.



  	Step3:  Make a hugo website locally and test it in Cloud9




One great thing about hugo is that it just a go binary.  It makes it simple to both develop and deploy hugo sites.  The following section is loosely based on the official hugo quickstart guide.


1.  Create a new site using the following command:  hugo new site quickstart
2.  Add a theme (you could swap this part with any theme you want).




  
  cd quickstart
git init
git submodule add https://github.com/budparr/gohugo-theme-ananke.git themes/ananke
echo 'theme = "ananke"' >> config.toml








  	Step4:  Create a post




To create a new blog post, type the following command.




  
  hugo new posts/my-first-post.md







This post is easily editable inside of AWS Cloud9 as shown.
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    aws cloud 9 edit hugo post
  





  	Step5:  Run Hugo locally in Cloud9




Up to this point, things have been relatively straightforward.  In this section, we are going to run hugo as a development server.  This step will require us to open up a port on EC2 security groups.  This item is relatively easy to find.


1.  Open a new tab on the AWS Console and type in EC2 and scroll down to security groups and look for the security group with the same name as your AWS Cloud9 environment as shown:
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    AWS Cloud9 environment
  



.


2.  Open up via new TCP rule port 8080 and the edit button.  You will see this change made.  This step will allow us to browse to port 8080 to preview our website as we develop it locally on AWS Cloud9.


3.  Navigate back to AWS Cloud9 and run this command to find out the IP Address (we will use this IP Address when we run hugo).




  
  curl ipinfo.io







You should see something like this (but with a different IP Address)




  
  ec2-user:~/environment $ curl ipinfo.io
{
  "ip": "34.200.232.37",
  "hostname": "ec2-34-200-232-37.compute-1.amazonaws.com",
  "city": "Virginia Beach",
  "region": "Virginia",
  "country": "US",
  "loc": "36.8512,-76.1692",
  "org": "AS14618 Amazon.com, Inc.",
  "postal": "23465",
  "timezone": "America/New_York",
  "readme": "https://ipinfo.io/missingauth"







4.  Run hugo with the following options, you will need to swap this IP Address out with the one you generated earlier.  Notice that the baseURL is important so you can test navigation.




  
  hugo serve --bind=0.0.0.0 --port=8080 --baseURL=http://34.200.232.37/







If this was successful, you should get something similar to the following output.
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    hugo local
  




5.  Open in a new tab in your browser and type paste in the URL in the output. In my output, it is http://34.200.232.37:8080/, but it will be different for you.
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    hugo website
  




If you edit the markdown file, it will render out the changes live.  This step allows for an interactive development workflow.



  	Step6:  Create Static Hosted Amazon S3 website and deploy to bucket




The next thing to do is to deploy this website directory to an AWS S3 bucket.  You can follow the instructions here on how to create an s3 bucket and set it up for hosting.


Note this also means setting a bucket policy via the bucket policy editor, as shown below.  The name of your bucket WILL NOT BE cloud9-hugo-duke you must change this.




  
  {
    "Version": "2012-10-17",
    "Statement": [
        {
            "Sid": "PublicReadGetObject",
            "Effect": "Allow",
            "Principal": "*",
            "Action": [
                "s3:GetObject"
            ],
            "Resource": [
                "arn:aws:s3:::cloud9-hugo-duke/*"
            ]
        }
    ]
}







The bucket policy editor workflow looks as follows.
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  	Step7:  Deploy the website manually before it becomes fully automated




With automation, it is essential to first manually write down the steps for a workflow before fully automating it.  The subsequent items will need the following:


1.  The config.toml will need editing, as shown below.  Note that your s3 bucket URL will be different.




  
  baseURL = "http://cloud9-hugo-duke.s3-website-us-east-1.amazonaws.com"
languageCode = "en-us"
title = "My New Hugo Sit via AWS Cloud9"
theme = "ananke"

[[deployment.targets]]
# An arbitrary name for this target.
name = "awsbucket"
URL = "s3://cloud9-hugo-duke/?region=us-east-1" #your bucket here







2.  Now you can deploy by using the built-in hugo deploy command.  The deployment command output should look like this after you run hugo deploy.  You can read more about the deploy command in the official docs.




  
  ec2-user:~/environment/quickstart (master) $ hugo deploy
Deploying to target "awsbucket" (s3://cloud9-hugo-duke/?region=us-east-1)
Identified 15 file(s) to upload, totaling 393 kB, and 0 file(s) to delete.
Success!







The contents of the AWS S3 bucket should look similar to this.



  
    [image: ]
    bucket contents
  




The website demonstrated in this tutorial is visible here:  http://cloud9-hugo-duke.s3-website-us-east-1.amazonaws.com/



  	Step8:  Check into Github




1.  Create a new Github repo (and add .gitignore)
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  (Optional but recommended add public to `.gitignore)



2.  In AWS cloud9 in the quickstart directory, create a Makefile with a clean command.  This will rm -rf the public HTML directory that hugo creates.  You don’t want to check this into source control.
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  clean:
    echo "deleting generated HTML"
    rm -rf public






3.  Now run make clean to delete the public directory and all of the source code hugo generated (don’t worry it regenerates HTML anytime you run hugo).


4.  Add Github repo as a “remote.”  This step will be the name of the Github repository you just created.  It will look something like this where you change the name of your site.




  
  My git remote add command looks like this (note I run `git remote -v` to verify afte\
rwards):

```bash
ec2-user:~/environment/quickstart (master) $ git remote add origin git@github.com:no\
ahgift/hugo-continuous-delivery-demo.git
ec2-user:~/environment/quickstart (master) $ git remote -v
origin  git@github.com:noahgift/hugo-continuous-delivery-demo.git (fetch)
origin  git@github.com:noahgift/hugo-continuous-delivery-demo.git (push)







5.  Add the source code and push it to Github.


Typically I get the “lay of the land” before I commit.  I do this by running git status.  Here is my output.  You can see that I need to Makefile archetypes config.toml and content/.




  
  ec2-user:~/environment/quickstart (master) $ git status
On branch master

No commits yet

Changes to commit:
  (use "git rm --cached <file>..." to unstage)

        new file:   .gitmodules
        new file:   themes/ananke

Untracked files:
  (use "git add <file>..." to include in what will be committed)

        Makefile
        archetypes/
        config.toml
        content/







I add them by typing the command git add *.  You can see below that this will add all of those files and directories:




  
  ec2-user:~/environment/quickstart (master) $ git add *
ec2-user:~/environment/quickstart (master) $ git status
On branch master

No commits yet

Changes to be committed:
  (use "git rm --cached <file>..." to unstage)

        new file:   .gitmodules
        new file:   Makefile
        new file:   archetypes/default.md
        new file:   config.toml
        new file:   content/posts/my-first-post.md
        new file:   themes/ananke







Now push these files by doing the following commands (note you will need to merge the files):




  
  git pull --allow-unrelated-histories origin master
git branch --set-upstream-to=origin/master
git push






You can see what this looks like below:
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    git push hugo
  




The Github repo looks like this now:
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    github repo
  





  NOTE:  Using git can be very challenging in edge cases.  If this workflow doesn’t work, you can also start over from scratch and clone your GitHub repo and manually add hugo into it




  (Optional step:  If you want to verify your hugo site, check out this project on your laptop or another AWS Cloud9 instance and run hugo.)




  	Step9:  Continuous Delivery with AWS CodeBuild




Now it is time for the final part.  Let’s continuous setup delivery using AWS CodeBuild.  This step will allow changes that get pushed to Github to deploy automatically.


1.  Go to AWS CodeBuild and create a new project.  It should look like this:
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    code build
  





  Note create a build in the same region you created your bucket: i.e., N. Virginia!



2. The source code section should look similar to this screenshot.  Note the webhook.  This step will do continuous Delivery on changes
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3.  The code build environment should look similar to this.  Click the “create build” button:
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    codebuild environment
  




4.  After you create the build, navigate to the “Build details” section and select the service role.  This step is where the privileges to deploy to S3 will be setup:
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    codebuild service role
  




You will add an “admin” policy that looks like this:
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    admin policy
  




Now, in AWS Cloud9, go back and create the final step.


The following is a buildspec.yml file. You can paste it.  You create the file with AWS Cloud9 by typing:  touch buildspec.yml then editing.



  NOTE: Something like the following  aws s3 sync public/ s3://hugo-duke-jan23/ --region us-east-1 --delete is an effective and explicit way to deploy if hugo deploy is not working correctly





  
  version: 0.2

environment_variables:
  plaintext:
    HUGO_VERSION: "0.63.0"

phases:
  install:
    runtime-versions:
      docker: 18
    commands:
      - cd /tmp
      - wget https://github.com/gohugoio/hugo/releases/download/v${HUGO_VERSION}/hug\
o_${HUGO_VERSION}_Linux-64bit.tar.gz
      - tar -xzf hugo_${HUGO_VERSION}_Linux-64bit.tar.gz
      - mv hugo /usr/bin/hugo
      - cd -
      - rm -rf /tmp/*
  build:
    commands:
      - rm -rf public
      - hugo
      - aws s3 sync public/ s3://hugo-duke-jan23/ --region us-east-1 --delete
  post_build:
    commands:
      - echo Build completed on `date`







Now check this file into git and push:




  
  git add buildspec.yml
git commit -m "adding final build step"
git push







It should look like this:



  
    [image: ]
    buildspec push
  




Now every time you make changes, it will “auto-deploy” as shown:
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    auto-build
  




As you create new posts, etc., it will deploy:
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    auto deploy
  




Hugo AWS Continuous Delivery Conclusion


Continuous Delivery is a powerful technique to master, and in this situation, it could immediately be put to use to build a portfolio website for a Data Scientist.



  	Example Hugo AWS Repository




If you are having issues with the git workflow, you can simply create the repo first, then git clone on Cloud9 to prevent the advanced git workflow.



  	Post Setup (Optional Advanced Configurations & Notes)




Setting up SSL for CloudFront


Go to  AWS Certificate Manager and click Request a certificate button.
First, we need to add domain names, in our case (example.com). When you enter the domain name as *.example.com, click Add another signature to this certificate button and add the everyday domain example.com too. On a next step, select DNS validation option, and click Confirm and request button in Review.
To use DNS validation, you must be able to add a CNAME record to the DNS configuration for your domain.  Add CNAME record created on ACM to the DNS configuration for your area on Route 53.


CloudFront configurations


Create a web distribution in the CloudFront section. In the Origin Domain Name field, select Endpoint of your bucket. Select “Redirect HTTP to HTTPS” from the Viewer Protocol Policy. Add your domain names in the Alternate Domain Name filed and select the SSL certificate you have created in the ACM. In the Default Root Object type index.html. Once done, please proceed and create the distribution.


Integrating Route53 with CloudFront distribution:


Copy the domain name from the CloudFront distribution and edit A record in your Route53. Select Alias, in Alias Target, enter your CloudFront domain URL which is ******.cloudfront.net. Click Save Record Set. Now that you have created A record. The domain name example.com will route to your CloudFront distribution.
We need to create a CNAME record to point other sub-domains like www.example.com to map to the created A record
Click  Create Record Set, enter * in name textbox. Select  CNAME  from Type. In value, type the A record, in our case, it will be  example.com. Click  Save Record Set. Now even  www.example.com will forward to  example.com, which in turn will forward to CloudFront distribution.


Building Hugo Sites Automatically Using AWS CodeBuild

The first thing that we need is a set of instructions for building the Hugo site. Since the build server starts clean every time, this includes downloading Hugo and all the dependencies that we require. One of the options that CodeBuild has for specifying the build instruction is the buildspec.yaml file.


Navigate to the CodeBuild console and create a new project using settings similar to this or that meet your project’s demands:


-   Project name:  somename-hugo-build-deploy
-   Source provider: GitHub
-   Repository: Use a repository in my account
-   Choose a repository: Choose your GitHub repository
-   Click on Webhook  checkbox for rebuilding project  every time a code change pushes to this repository
-   Environment image:  Use an image managed by AWS CodeBuild
-   Operating System: Ubuntu
-   Runtime: Base
-   Runtime version: Choose a runtime environment version
-   Buildspec name: buildspec.yml
-   Artifact type:  No artifact
-   Cache: No cache
-   Service role:  Create a service role in your account


Creating IAM Role

For building projects, deploy to S3  and enable CloudFront Invalidation, we need to create an individual  IAM role. Add IAM role and attach CloudFrontFullAccess  and AmazonS3FullAccess policies.  After that, click Add permissions button again select “Attach existing policies directly” and click Create policy button. Select “JSON” and paste the following user policy:



  
  {
    "Version": "2012-10-17",
    "Statement": [
        {
            "Sid": "VisualEditor0",
            "Effect": "Allow",
            "Action": "cloudfront:CreateInvalidation",
            "Resource": "*"
        },
        {
            "Sid": "VisualEditor1",
            "Effect": "Allow",
            "Action": [
                "s3:PutObject",
                "s3:ListBucket",
                "s3:DeleteObject",
                "s3:PutObjectAcl"
            ],
            "Resource": [
                "arn:aws:s3:::s3-<bucket-name>",
                "arn:aws:s3:::s3-<bucket-name>/*"
            ]
        },
        {
            "Sid": "VisualEditor2",
            "Effect": "Allow",
            "Action": "s3:*",
            "Resource": [
                "arn:aws:s3:::s3-<bucket-name>",
                "arn:aws:s3:::s3-<bucket-name>/*"
            ]
        }
    ]
}







Github Actions


One new and fun entrants into the SaaS build server world is Github Actions. To get started with Github actions and test using the style we have used previously:  make install, then make lint, then make test it reasonably intuitive.


You can follow along with this entire example project by looking at the sample Github project here:  https://github.com/noahgift/github-actions-pytest


First, I create a new Github Action.
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There are many examples of how to set up a Github Action, but this is a yaml config located here:  https://github.com/noahgift/github-actions-pytest/blob/master/.github/workflows/pythonapp.yml


The default yaml file looks like this.
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Let’s change this to a much simpler format that takes advantage of the Makefile.




  
  name: Python application test with Github Actions

on: [push]

jobs:
  build:

    runs-on: ubuntu-latest

    steps:
    - uses: actions/checkout@v2
    - name: Set up Python 3.8
      uses: actions/setup-python@v1
      with:
        python-version: 3.8
    - name: Install dependencies
      run: |
        make install
    - name: Lint with pylint
      run: |
        make lint
    - name: Test with pytest
      run: |
        make test







Notice how it simplifies the workflow to use a Makefile.  Additionally, locally I can run these same commands.  Finally, the build process succeeds, and the output of each command displays.
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There is a lot to like about Github Actions, primarily if you already use Github.











  
Chapter 11: Case Studies and War Stories



  Noah Gift



This section contains a mixture of testing case studies and war stories.  Items that didn’t cleanly fit in one part or another got placed here.


Testing Click Commandline Tools


Writing command-line tools is one of my favorite ways to write code.  A command-line tool is one of the simplest ways to take programming logic and create a flexible tool.  Let’s walk through a simple click tool.


The following is an intentionally simple command-line tool that takes a flag --path (path to a file) and flag --ftype (file type).  If this runs without specifying, it will prompt a user for both of these flags.




  Simple click based cli that searches for files: gcli.py
  #!/usr/bin/env python
import click
import glob

# this is bad code intentionally
# varbad=


@click.command()
@click.option(
    "--path",
    prompt="Path to search for files",
    help="This is the path to search for files: /tmp",
)
@click.option(
    "--ftype", prompt="Pass in the type of file", help="Pass in the file type:  i.e \
csv"
)
def search(path, ftype):
    results = glob.glob(f"{path}/*.{ftype}")
    click.echo(click.style("Found Matches:", fg="red"))
    for result in results:
        click.echo(click.style(f"{result}", bg="blue", fg="white"))


if __name__ == "__main__":
    # pylint: disable=no-value-for-parameter
    search()







Another useful feature of click is the --help flag comes for free and autogenerates from the options.  This following is the output from ./glci --help.




  Output of ./gcli --help
  (.tip) ➜  click-testing git:(master) ✗ ./gcli.py --help
Usage: gcli.py [OPTIONS]

Options:
  --path TEXT   This is the path to search for files: /tmp
  --ftype TEXT  Pass in the file type:  i.e csv
  --help        Show this message and exit.







Next up is to run ./gcli.py and let it prompt us for both the path and the file type.  




  Output of search with prompts
  (.tip) ➜  click-testing git:(master) ✗ ./gcli.py
Path to search for files: .
Pass in the type of file: py
Found Matches:
./gcli.py
./test_gcli.py
./hello-click.py
./hello-click2.py







Another run of ./gcli.py shows how it can be run by passing in the flags ahead of time.




  Output of search with flags
  (.tip) ➜  click-testing git:(master) ✗ ./gcli.py --path . --ftype py
Found Matches:
./gcli.py
./test_gcli.py
./hello-click.py
./hello-click2.py







So can we test this command-line tool?  Fortunately, the authors of click have an easy solution for this as well.  In a nutshell, by using the line from click.testing import CliRunner it invokes a test runner as shown.




  Test file: test_gcli.py
  from click.testing import CliRunner
from gcli import search


# search(path, ftype):


def test_search():
    runner = CliRunner()
    result = runner.invoke(search, ["--path", ".", "--ftype", "py"])
    assert result.exit_code == 0
    assert ".py" in result.output







Just like pytest, a simple assert statement is the only thing needed to create a test.  Two different types of assert comments show.  The first assert checks the result of the call to the command line tool and ensures that it returns a shell exit status of 0.  The second assert parses the output returned and ensures that .py is in the production since the file type passed in is py.  


When the command make test is run, it generates the following output.  Again take note of how using the convention make test simplifies the complexity of remembering what exact flags to run.  This step can set once and then forget about it.




  Output of make test
  (.tip) ➜  click-testing git:(master) make test                               
python -m pytest -vv --cov=gcli test_gcli.py
========================================= test session starts ======================\
====================
platform darwin -- Python 3.7.6, pytest-5.3.2, py-1.8.1, pluggy-0.13.1 -- /Users/noa\
hgift/.tip/bin/python
cachedir: .pytest_cache
rootdir: /Users/noahgift/testing-in-python/chapter11/click-testing
plugins: cov-2.8.1
collected 1 item                                                                    \
                   

test_gcli.py::test_search PASSED                                                    \
             [100%]

---------- coverage: platform darwin, Python 3.7.6-final-0 -----------
Name      Stmts   Miss  Cover
-----------------------------
gcli.py      11      1    91%


========================================== 1 passed in 0.03s =======================\
====================







War Story:  The Health Check that wasn’t wrong


Working in the film industry has a glamorous side.  It is fun telling people I worked on the movie Avatar.  It also has a dark side.  It may be the poster child for the most naughty software development practices.  I have been told many times, “this isn’t a software company” while a film studio paid software developers by the hour, including overtime, to patch a constant stream of nonsense bugs in code.  Unsurprisingly they later shut down because it was too expensive to make a movie.


I remember a major film studio with hundreds of employees running workloads through a logging server that an artist set up under their desk.  The entire render farm (thousands of incredibly high performance and expensive servers) was sending network traffic to a random workstation that could get kicked over or unplugged.  The best comparison I can make is that film in the era I worked in it was a lot like living in the dorms in college.  You would see things that would always make you shake your head. Something like someone pulling the fire alarm at midnight during final exams is an example. Another is encountering a room that smelled like it needed to cleaning with a hazmat crew.  The common thread in living in a college dorm room and working as a software engineer was that nihilism was the norm.


The peak film nihilism moment for me was after I spent a year of my life painstakingly tracking down the root cause of mysterious all day outages that stopped the entire film studio from working (hundreds of employees).  They triggered by a piece of code written with EXPONENTIAL BACK ON (the opposite of exponential back off).  A specific department would increase the frequency of job submissions to a troubled database to “lockout” all of the other departments from using the database.  After I “caught them” they nonchalantly said, shutting down an entire film studio through a denial of service attack was part of their rights.  They were the most critical department, after all.


I naively thought to make an efficient system that worked correctly was more critical.  Just as I thought to study for final exams was more significant than getting drunk finals week and getting thrown out of school by failing out (which happened to many people in my dorms in college).  Even though ultimately the film studio shutdown and the team partially responsible for the problems were never held accountable, there is an exciting story about testing to discuss.


After our team had substantially cleaned up a critical system by adding continuous integration, code reviews, load-testing, and logging, we felt pretty good.  We felt like we had tamed the beast and most likely stopped any critical issues.  A final best practice that we implemented was to create a health-check that would “check-in” an asset into our asset management system.  The idea was that it would be a tremendous functional test of our policy.


To our surprise, soon after that, our system started to grind to a halt.  The core logic of the asset management was a “home-grown ORM (object-relational mapper)” that a developer who no longer worked there created.  It exponentially generated SQL with each new check-in.   After a ten plus checkins, there was something like 80K lines of SQL hitting the database.  Health checks can expose things you wouldn’t expect!


War Story:  The Nine Circles of Hell While Parsing XML


I remember moving to a new department, and a friendly manager asked for help with a GUI he developed.  It performed a vital automation process at this film company, and it just wouldn’t work anymore.  I started to dive into the code, and I quickly discovered one of the problems.  The data format that it used was highly nested XML.  Much of the system looked like the following code sample.




  
  xx = x[0][0][0][1]
yy = xx[3][1]







The code would get more and more nested as I read through it.  It was quite literally nine circles of hell.  Luckily there was a comprehensive test suite that I could run that helped me quickly get the root problem [Warning:  sarcasm alert].  What I did to fix this problem is to adjust one mystery at a time.  


First I made the code “lintable” using pylint --disable=R,C gui.py.  This step is a great place to start when faced with a giant mess.  It is a bit like using a mop on a giant food mess on the kitchen floor.  You have to start somewhere.


Once that was working, I moved these nested XML statements into functions and wrote tests for them.  I also added logging statements for each service.  Eventually, I got to the point where I identified a bizarre behavior.  The program, a GUI, would suddenly quit, and there was no traceback.  This step is what testing does for a legacy mess of spaghetti code; it creates an infrastructure that will reveal bugs.


Next, I added the following debug code to the point in the system where the logging statements stopped.




  
  import pdb;pdb.set_trace()






This step is the tool of last resort that I use when both tests and logging don’t reveal the issue.  When I reran the code, I noticed that it imported a library and then quit.  When I looked at the library, it appeared to do many things and these things wrapped in the following.




  
  try:
    main()
except:
    import sys;sys.exit(0)







I had finally found the devil himself.  Someone had written a library with zero logging, zero tests, and that would silently fail with an exit status of 0 if an exception happened.  There is no worse anti-pattern in Python than this.  Hiding all Exceptions and then killing a program if there is an error is pure, unvarnished evil.


What are the takeaways? 



  	At least have a basic lint of your code working.

  	Why not write a few tests?

  	Why not automatically run linting and testing upon each check in?

  	Why not add logging?

  	Never hide errors, instead log them.




War Story:  The Mysterious Vanishing Servers


The Oxford dictionary describes zealotry as “Fanatical and uncompromising pursuit of religious, political, or other ideals; fanaticism.”  This story tells a tale of technical zealotry gone bad.  As humans, zealotry is part of our DNA.  When building software systems, technical zealotry can cause unintended consequences. 


At a SaaS company I worked at, we would frequently get machines that would “disappear” from our Amazon infrastructure.  It was frustrating because there were no artifacts.  A Linux server would simply vanish.  It was infrequent enough that it got ignored for quite a while.  Eventually, this problem occurred about once a week.  I set out to resolve the issue once and for all.


Digging into a software mystery is a lot like being a murder detective on a TV show.  It helps to be skeptical of humans and to figure out their motives.  The first part of the mystery was discovering how each Linux machine assembles.  The servers had the following features:



  	Ubuntu Operating System

  	No Swap partition (because “Google doesn’t use swap”)

  	Ran a Java application

  	Ran Apache ZooKeeper, a distributed synchronization component for the Java application

  	Ran Supervisor, a client/server system that can restart a failed process

  	The use of ephemeral disks on EC2 (these don’t save your data when they crash)




As I dug into the problem further, I was curious about the “Google doesn’t use swap” argument.  There are good reasons for not configuring swap because it could cause a machine to slow down as the slow physical disk starts to become used for memory.  The upside to using swap is that at least you can investigate what is going on and fix it without it going away.


The first thing I did was enable swap because I didn’t care about the theory of a “perfect” server that didn’t need swap.  I wanted to stop these machines from crashing.  I am not sure why no one had tried this before, but perhaps they were afraid of the blowback from the “zealot” who would tell them the real problem was the software, not his server.


Low and behold, this did immediately pay dividends.  Several machines started to slow down a bit later, and when I logged into one, I could see that was running out of memory.  What was happening was that the Java process used more RAM than the machine had available. This caused the Linux kernel to trigger something called (OOM), or “Out of Memory” error.  The Linux kernel then finds the process with the most significant memory usage and kills it.


There was a twist, though.  This machine was also running Supervisor, which would automatically restart a Java process that died.  Ultimately, this became a race condition that had the Linux kernel fighting against this process manager to start and restart a process over and over again.  To further add to the excitement, these machines were running Apache ZooKeeper, which performs poorly on highly utilized devices.  This process then caused a ripple effect of instability and high CPU and high memory usage.  Because the machines had no swap and ephemeral disks, this error could never surface.


The ultimate fix was a methodical reconfiguration of the machines with the following fixes:



  	Configure Java to use less memory than the computers had

  	Enable swap

  	Move Apache Zookeeper to dedicated devices (as the documentation had said)

  	Add better logging and instrumentation




Zealotry is a dangerous way to approach technology.  There is no perfect answer or perfect methodology.  What works well in one situation may not work well in another.  Skilled testers debugging complex problems should never take anything for granted.











  
Chapter 12: Essays



  Noah Gift



This section exposes essays I have written at some point on testing.  For essays that have been written many years in the past, they are good historical records of ideas, but the libraries may be different than libraries referred to in the book.    


Writing clean, testable, high quality code in Python



  And how to measure scientifically the difference




  
    originally published on IBM Developerworks, 2010
  



Introduction


Writing software is among the most complicated endeavors a human can undertake. Brian Kernigan, co-author of the AWK programming language and “K and R C”, sumed up the true nature of software development in the book, Software Tools, when he stated, “Controlling complexity is the essence of software development.” The harsh reality of real world software development is that software is often created with intentional, or unintentional, complexity and a disregard for maintainability, testability, and quality. The end result of this unfortunate reality is software that can become increasingly difficult and expensive to maintain and that fails sporadically and even spectacularly.


The first step in the process of writing high quality code is to re-examine the entire thought process of how an individual or team develops software. Often in failed, or troubled, software development projects, the software was developed in a reactionary stream of consciousness where the focus of the software development was on getting a problem solved in any manner possible. In a successful software project, the developer is thinking not only about how to solve the problem at hand, but additionally about the process involved in solving the problem.


A succesful software developer will devise a way to run the tests in an easily automated fashion, so they can continuously prove the software works. They are aware of the dangers of needless complexity. They are humble in their approach, seek critical review, and expect refactoring at every step of the way. They continuously think about how they can ensure their software is testable, readable, and maintainable. Although Python the language, and Python the community, are heavily influenced by desire to write clean, maintainable code that works, it is still quite easy to do the exact opposite. In this article, we will tackle this problem head on and explore how to write clean, testable, high quality code in Python.


A clean code hypothetical problem


The best way to demonstrate this style of development is to solve a hypothetical problem. Let’s suppose you are a back-end web developer at a company that allows users to generate reviews, and you need to come up with a way to show and highlight small snippets of those reviews. One way to approach the problem would be to write a large function that takes a snippet of text, and query parameters, and returns back a character limited snippet with the query parameters highlighted. All of the logic needed to solve the problem would be included in the one “mega” function, and you would simply need to keep rerunning your script, until you got the result you wanted. The format would probably look like the code example below and would often be developed with a combination of print statements, or logging statements, and an interactive shell.




  
  def my_mega_function(snippet, query):
    """This takes a snippet of text, and a query parameter and returns """

    # Logic goes here, and often runs on for several hundred lines
    # There are often deeply nested conditional statements and loops
    # Function could reach several hundred, if not thousands of lines

    return result







With a dynamic language like Python, Perl, or Ruby, it is easy to develop software by simply banging away at the problem, often interactively, until you get what seems to be the correct result and calling it a day. Unfortunately, this approach, while tempting, often leads to a false sense of accomplishment that is fraught with danger. Much of the danger lies in not designing a solution to be testable, and part lies in not properly controlling the complexity of the software written.


How can you say this function even works? You can have faith that it works because it worked the last time you ran it during development, but are you sure it doesn’t contain subtle errors of logic or syntax? What happens if you need to change the code? Would it still work, and how would you know it still worked? What if that code needed to be maintained by another developer, and he needed to make changes to it? How would he know his changes didn’t cause something subtle to break? How hard would it be for him to understand what the code does?


The short answer is: if you don’t have tests, you don’t know if your software works. If you stack together enough guesses, you may eventually build something that appears to function, but that no human could ever say with certainty ever worked properly. This is a bad place to be, and I have both written this software and helped debug software written this way. Fortunately, this condition is easily avoidable. Writing tests before, such as the case of Test Driven Development, or while you write your logic actually shapes the way code is written. It leads to modular, extensible code that is easy to test, understand, and maintain. It is immediately apparent to the experienced developer when software was developed with testing in mind, and when it was not. The software itself looks dramatically different to the trained eye.


Without simply taking my word for it, or visually inspecting code, there are ways to measure scientifically the difference between these two different styles. The first way is to actually measure the lines of code that are tested. Nose is a popular extension of Python’s unit test framework that includes an easy way to run automatically a batch of tests and plug-ins, such as code coverage. By measuring code coverage during development, it becomes quickly apparent that it is almost impossible to get 100 percent test coverage for code that is composed of large functions, with highly nested logic, that are built in an ad hoc manner.


The second way to measure the difference is to use static analysis tools. There are several popular Python tools that measure various metrics for Python developers, ranging from general code quality to specific metrics, like duplicate code or complexity. You can measure the cyclomatic complexity of your code with either pygenie or pymetrics (see resources on the right).
Here is an example of what it looks like when we run pygenie on “clean” code that is relatively simple:




  Listing 2. Pygenie output of cyclomatic complexity
  % python pygenie.py complexity ‑‑verbose highlight spy
File: /Users/ngift/Documents/src/highlight.py
Type Name                                                                   Complexi\
ty 
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑\
‑‑‑‑
M    HighlightDocumentOperations.createsnippit                                  3
M    HighlightDocumentOperations._reconstruct_document_string                     3
M    HighlightDocumentOperations._doc_to_sentences                                2
M    HighlightDocumentOperations._querystring_to_dict                             2
M    HighlightDocumentOperations._word_frequency_sort                             2
M    HighlightDocumentOperations.highlight_doc                                    2
X    /Users/ngift/Documents/src/highlight.py 1          
C    HighlightDocumentOperations                                                  1
M    HighlightDocumentOperations.__init                                         1
M    HighlightDocumentOperations._custom_highlight_tag                            1
M    HighlightDocumentOperations._score_sentences                                 1
M    HighlightDocumentOperations._multiple_string_replace                         1







As you can tell from the example, every method is extremely simple and contains a complexity rating under 10, which is desirable according to McCabe’s research. In my experiences, I have seen “mega” functions written without testing that had complexity ratings over 140 and have stretched over 1200 lines. Suffice to say, it is literally impossible to test code like this. There is actually no way to ever know it works and refactoring it is impossible. If the author of the code kept testing in mind, and wrote the same logic with 100 percent test coverage, it is highly unlikely it would have such a high complexity rating.


What is cyclomatic complexity?


Cyclomatic complexity is a software metric, developed by Thomas J. McCabe in 1976, to determine a program’s complexity. The metric measures the number of linearly independent paths, or branches, through source code. According to McCabe, it is best to keep the complexity of a method below 10. This is important because research into human memory has determined that 7 (plus or minus 2) is the magical number of items that a human can hold in short term memory.


If a developer is working on code that has 50 linearly independent paths, then they are roughly exceeding fives times the capacity of short term memory in keeping track of what is occurring in that method. Simpler methods that don’t tax all of a human’s short term memory are easier to work with and have been proven to be less error prone. A 2008 study by Enerjy found a strong correlation between cyclomatic complexity and faultiness. Classes that had a complexity of 11 had a probability of being fault-prone of 0.28 but rose to 0.98 with classes of a complexity of 74.


A clean code hypothetical solution


Let’s now take a look at a complete source code example with accompanying unit tests and functional tests and see what it actually does, and why this code is considered clean. One reasonable definition of clean, using strictly metrics, is that it fulfills the following requirements: it has close to 100 percent test coverage; it has a cyclomatic complexity rating of under 10 for all classes and methods; and it scores close to a 10.0 rating with pylint. Here is an example of using nose to test unit test and doctest coverage on the highlight module:




  Listing 3. Running nosetests with coverage reporting: 100 percent coverage
  % nosetests ‑v ‑‑with‑coverage ‑‑cover‑package=highlight ‑‑with‑doctest\
     ‑‑cover‑erase ‑‑exe

Doctest: highlight.HighlightDocumentOperations._custom_highlight_tag ... ok
test_functional.test_snippit_algorithm ... ok
test_custom_highlight_tag (test_highlight.TestHighlight) ... ok
Consumes the generator, and then verifies the result[0] ... ok
Verifies highlighted text is what we expect ... ok
test_multi_string_replace (test_highlight.TestHighlight) ... ok
Verifies the yielded results are what is expected ... ok

Name        Stmts   Exec  Cover   Missing
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
highlight      71     71   100%   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Ran 7 tests in 4.223s

OK







As you can see from the above snippet, the nosetests command was run with several options, and there was 100 percent test coverage for the highlight spy script. The only thing of real note to point out is that –cover-package=highlight is a way of telling nose to show only the coverage report on a specified module. This is very useful to isolate the output of a coverage report to the module or packages you want to observe coverage reporting on. One thing you may want to try is to download the source code from this article and to comment out some of the tests to see how the coverage reporting mechanism really works.




  Listing 4. highlight spy
  # /usr/bin/python
# -*- coding: utf-8 -*-

"""
:mod:`highlight` -- Highlight Methods
===================================

.. module:: highlight
   :platform: Unix, Windows
   :synopsis: highlight document snippets that match a query.
.. moduleauthor:: Noah Gift <noah.gift@gmail.com>

Requirements::
    1.  You will need to install the ntlk library to run this code.
        http://www.nltk.org/download
    2.  You will need to download the data for the ntlk:
        See http://www.nltk.org/data::
        
        import nltk
        nltk.download()

"""

import re
import logging

import nltk

# Globals
logging.basicConfig()
LOG = logging.getLogger("highlight")
LOG.setLevel(logging.INFO)


class HighlightDocumentOperations(object):

    """Highlight Operations for a Document"""

    def __init__(self, document=None, query=None):
        """
        Kwargs:
            document (str):
            query (str):
            
        """
        self._document = document
        self._query = query

    @staticmethod
    def _custom_highlight_tag(phrase, start="<strong>", end="</strong>"):

        """Injects an open and close highlight tag after a word

        Args:
            phrase (str) - A word or phrase.
        Kwargs:
            start (str) - An opening tag.  Defaults to <strong>
            end (str) - A closing tag.  Defaults to </strong>
        Returns:
            (str) word or phrase with custom opening and closing tags
            
        >>> h = HighlightDocumentOperations()
        >>> h._custom_highlight_tag("foo")
        '<strong>foo</strong>'
        >>>
        
        """
        tagged_phrase = "{0}{1}{2}".format(start, phrase, end)
        return tagged_phrase

    def _doc_to_sentences(self):
        """Takes a string document and converts it into a list of sentences
        
        Unfortunately, this approach might be a tad naive for production
        because some segments that are split on a period are really an
        abbreviation, and to make things even more complicated, an
        abbreviation can also be the end of a sentence::
            http://nltk.googlecode.com/svn/trunk/doc/book/ch03.html
        
        Returns:
            (generator) A generator object of a tokenized sentence tuple,
            with the list position of sentence as the first portion of
            the tuple, such as:  (0, "This was the first sentence")
        
        """

        tokenizer = nltk.data.load("tokenizers/punkt/english.pickle")
        sentences = tokenizer.tokenize(self._document)
        for sentence in enumerate(sentences):
            yield sentence

    @staticmethod
    def _score_sentences(sentence, querydict):
        """Creates a scoring system for each sentence by substitution analysis
        
        Tokenizes each sentence, counts characters
        in sentence, and pass it back as nested tuple
    
        Returns:
            (tuple) - (score (int), (count (int), position (int),
                    raw sentence (str))
            
        """

        position, sentence = sentence
        count = len(sentence)
        regex = re.compile("|".join(map(re.escape, querydict)))
        score = len(re.findall(regex, sentence))
        processed_score = (score, (count, position, sentence))
        return processed_score

    def _querystring_to_dict(self, split_token="+"):
        """Converts query parameters into a dictionary
        
        Returns:
            (dict)- dparams, a dictionary of query parameters
            
        """

        params = self._query.split(split_token)
        dparams = dict([(key, self._custom_highlight_tag(key)) for key in params])
        return dparams

    @staticmethod
    def _word_frequency_sort(sentences):
        """Sorts sentences by score frequency, yields sorted result
        
        This will yield the highest score count items first.
        
        Args:
            sentences (list) - a nested tuple inside of list
            [(0, (90, 3, "The crust/dough was just way too effin' dry for me.
            Yes, I know what 'cornmeal' is, thanks."))]

        """

        sentences.sort()
        while sentences:
            yield sentences.pop()

    def _create_snippit(self, sentences, max_characters=175):
        """Creates a snippet from a sentence while keeping it under max_chars 
        
        Returns a sorted list with max characters.  The sort is an attempt
        to rebuild the original document structure as close as possible,
        with the new sorting by scoring and the limitation of max_chars.
        
        Args:
            sentences (generator) - sorted object to turn into a snippit
            max_characters (int) - optional max characters of snippit
           
        Returns:
            snippit (list) - returns a sorted list with a nested tuple that
            has the first index holding the original position of the list::
            
            [(0, (90, 3, "The crust/dough was just way too effin' dry for me.
            Yes, I know what 'cornmeal' is, thanks."))]
            
        """

        snippit = []
        total = 0
        for sentence in self._word_frequency_sort(sentences):
            LOG.debug("Creating snippit", sentence)
            score, (count, position, raw_sentence) = sentence
            total += count
            if total < max_characters:
                # position now gets converted to index 0 for sorting later
                snippit.append(((position), score, count, raw_sentence))

        # try to reassemble document by original order by doing a simple sort
        snippit.sort()
        return snippit

    @staticmethod
    def _multiple_string_replace(string_to_replace, dict_patterns):
        """Performs a multiple replace in a string with dict pattern.
        
        Borrowed from Python Cookbook.
        
        Args:
            string_to_replace (str) - String to be multi-replaced
            dict_patterns (dict) - A dict full of patterns
            
        Returns:
            (str) - Multiple replaced string.
        
        """

        regex = re.compile("|".join(map(re.escape, dict_patterns)))

        def one_xlat(match):
            """Closure that is called repeatedly during multi-substitution.
            
            Args:
                match (SRE_Match object)
            Returns:
                partial string substitution (str)
            
            """

            return dict_patterns[match.group(0)]

        return regex.sub(one_xlat, string_to_replace)

    def _reconstruct_document_string(self, snippit, querydict):
        """Reconstructs string snippit, build tags, and return string
        
        A helper function for highlight_doc.
        
        Args:
            string_to_replace (list) - A list of nested tuples, containting
            this pattern::
            
            [(0, (90, 3, "The crust/dough was just way too effin' dry for me.
            Yes, I know what 'cornmeal' is, thanks."))]
            
            dict_patterns (dict) - A dict full of patterns
        
        Returns:
            (str) The most relevant snippet with the query terms highlighted.
        
        """

        snip = []
        for entry in snippit:
            score = entry[1]
            sent = entry[3]
            # if we have matches, now do the multi-replace
            if score:
                sent = self._multiple_string_replace(sent, querydict)
            snip.append(sent)
        highlighted_snip = " ".join(snip)

        return highlighted_snip

    def highlight_doc(self):
        """Finds the most relevant snippit with the query terms highlighted
        
        Returns:
            (str) The most relevant snippet with the query terms highlighted.
        
        """

        # tokenize to sentences, and convert query to a dict
        sentences = self._doc_to_sentences()
        querydict = self._querystring_to_dict()

        # process and score sentences
        scored_sentences = []
        for sentence in sentences:
            scored = self._score_sentences(sentence, querydict)
            scored_sentences.append(scored)

        # fit into max characters, and sort by original position
        snippit = self._create_snippit(scored_sentences)
        # assemble back into string
        highlighted_snip = self._reconstruct_document_string(snippit, querydict)

        return highlighted_snip









  Listing 6. test_functional.py
  """Functional Test That Performs Some Basic Sanity Checks"""

from highlight import HighlightDocumentOperations


def test_snippit_algorithm():
    document1 = """
        This place has awesome deep dish pizza.
        I have been getting delivery through Waiters on wheels for years.
        It is classic, deep dish  Chicago style pizza.
        Now I found out they also have half-baked to pick-up and cook at home.
        This is a great benefit. I am having it tonight. Yum.
        """
    document2 = """Review for their take-out only.
Tried their large Classic (sausage, mushroom, peppers and onions) deep dish;\
and their large Pesto Chicken thin crust pizzas.
Pizza = I've had better.  The crust/dough was just way too effin' dry for me.\
Yes, I know what 'cornmeal' is, thanks.  But it's way too dry.\
I'm not talking about the bottom of the pizza...I'm talking about the dough \
that's in between the sauce and bottom of the pie...it was like cardboard, sorry!
Wings = spicy and good.   Bleu cheese dressing only...hmmm, but no alternative\
of ranch dressing, at all.  Service = friendly enough at the counters.  
Decor = freakin' dark.  I'm not sure how people can see their food.  
Parking = a real pain.  Good luck."""

    h1 = HighlightDocumentOperations(document1, "deep+dish+pizza")
    actual = h1.highlight_doc()
    print "Raw Document1: %s" % document1
    print " Formatted Document1: %s" % actual
    assert len(actual) < 500
    assert "<strong>" in actual

    h2 = HighlightDocumentOperations(document2, "deep+dish+pizza")
    actual = h2.highlight_doc()
    print "Raw Document2: %s" % document2
    print " Formatted Document2: %s" % actual
    assert len(actual) < 500
    assert "<strong>" in actual


if __name__ == "__main__":
    test_snippit_algorithm(









  Listing 7. test_unittest.py
  # /usr/bin/python
# -*- coding: utf-8 -*-
"""
Tests this query searchs a document, highlights a snippit and returns it
http://www.example.com/search?find_desc=deep+dish+pizza&ns=1&rpp=10&find_loc=\
                                                        San+Francisco%2C+CA

Contains both unit and functional tests.

"""


import unittest
from highlight import HighlightDocumentOperations


class TestHighlight(unittest.TestCase):
    def setUp(self):

        self.document = """
Review for their take-out only.
Tried their large Classic (sausage, mushroom, peppers and onions) deep dish;\
and their large Pesto Chicken thin crust pizzas.
Pizza = I've had better.  The crust/dough was just way too effin' dry for me.\
Yes, I know what 'cornmeal' is, thanks.  But it's way too dry.\
I'm not talking about the bottom of the pizza...I'm talking about the dough \
that's in between the sauce and bottom of the pie...it was like cardboard, sorry!
Wings = spicy and good.   Bleu cheese dressing only...hmmm, but no alternative\
of ranch dressing, at all.  Service = friendly enough at the counters.  
Decor = freakin' dark.  I'm not sure how people can see their food.  
Parking = a real pain.  Good luck.        
        
        """
        self.query = "deep+dish+pizza"
        self.hdo = HighlightDocumentOperations(self.document, self.query)

    def test_custom_highlight_tag(self):

        actual = self.hdo._custom_highlight_tag("foo", start="[BAR]", end="[ENDBAR]")
        expected = "[BAR]foo[ENDBAR]"
        self.assertEqual(actual, expected)

    def test_query_string_to_dict(self):
        """Verifies the yielded results are what is expected"""

        result = self.hdo._querystring_to_dict()
        expected = {
            "deep": "<strong>deep</strong>",
            "dish": "<strong>dish</strong>",
            "pizza": "<strong>pizza</strong>",
        }

        self.assertEqual(result, expected)

    def test_multi_string_replace(self):

        query = """pizza = I've had better"""
        expected = """<strong>pizza</strong> = I've had better"""
        query_dict = self.hdo._querystring_to_dict()
        result = self.hdo._multiple_string_replace(query, query_dict)
        self.assertEqual(expected, result)

    def test_doc_to_sentences(self):
        """Consumes the generator, and then verifies the result[0]"""

        results = []
        expected = (0, "\nReview for their take-out only.")

        for sentence in self.hdo._doc_to_sentences():
            results.append(sentence)
        self.assertEqual(results[0], expected)

    def test_highlight(self):
        """Verifies highlighted text is what we expect"""

        expected = """Tried their large Classic (sausage, mushroom, peppers and onio\
ns) <strong>deep</strong> <strong>dish</strong>;and their large Pesto Chicken thin c\
rust <strong>pizza</strong>s."""
        actual = self.hdo.highlight_doc()
        self.assertEqual(expected, actual)

    def tearDown(self):

        del self.query
        del self.hdo
        del self.document


if __name__ == "__main__":
    unittest.main()







Concerning the above code samples, if you would like to run it, you will need to download the Natural Language Toolkit source and download the nltk data according to the instructions. Since this article is not about the code sample shown but about how it was created, and how to test it, I won’t go into any detail explaining what the code actually does. Instead, let’s finish up by running the static code analysis tool pylint on our source code:




  Listing 8. Pylint
  % pylint highlight spy 
No config file found, using default configuration
∗∗∗∗∗∗∗∗∗∗∗∗∗ Module highlight
E: 89:HighlightDocumentOperations._doc_to_sentences: Instance of 'unicode' has no 
    'tokenize' member (but some types could not be inferred)
E: 89:HighlightDocumentOperations._doc_to_sentences: Instance of 'ContextFreeGrammar\
' 
    has no 'tokenize' member (but some types could not be inferred)
W:108:HighlightDocumentOperations._score_sentences: Used builtin function 'map'
W:192:HighlightDocumentOperations._multiple_string_replace: Used builtin function 'm\
ap'
R: 34:HighlightDocumentOperations: Too few public methods (1/2)

Report
======
69 statements analysed.

Global evaluation
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Your code has been rated at 8.12/10 (previous run: 8.12/10)







The code scored an 8.12 out of 10 and was nicked down for a few items. Pylint is configurable, so it is very likely that you may need to configure it to meet your needs on your project. You can refer to the official pylint document (see resources on the right). For this specific example, there are two errors on line 89 that can be attributed to the external library nltk, and there are two warnings that could be changed by a configuration change to pylint. In general, you will never want to allow pylint errors in your source code, but there are some times, such as in the example above, that you may need to make an executive decision. It isn’t a perfect tool, but I have found it to be very useful in the real world.


Conclusion


In this article, we explored how merely thinking about testing influences the structure of software, and how a lack of thought toward testing can prove fatally harmful to a project. We showed a complete code example, that included both functional and unit tests, and ran it against both code coverage analysis with nose and two static analysis tools, pylint, and pygenie. One thing we didn’t have time to cover was how to automate this with some form of continuous integration testing. Fortunately, this is quite simple with the open source Java™ Continuous Integration System, Hudson. I would encourage you to consult the Hudson documentation (see resources on the right) and experiment with setting up an automated tests for your project that runs all of your tests, including static code analysis.


Finally, testing isn’t a panacea, nor are static analysis tools. Software development is hard work. To get the chance even to be successful, we have to always be mindful of the real goal. It is not only to solve a problem, but also to create something we can prove works. If you agree with this premise, then this means that overly complex code, arrogance in design, and lack of respect for the power of Python, directly interfere with this goal.


Thanks to Kennedy Behrman, of Imagemovers Digital, for the technical review of this article.


Increase reliability in data science and machine learning projects with CircleCI


Data science is no longer a niche topic at companies. Everyone from the CEO to the intern knows about how valuable it is to take a scientific approach to dealing with data. Consequently, many people not directly in software engineering fields are starting to write more code, often in the form of interactive notebooks, such as Jupyter. Software engineers have typically been huge advocates of build systems, static analysis of code, and generating repeatable processes to enforce quality. What about business people who are writing code Jupyter Notebooks? What processes can they use to make their data science, machine learning, and AI code more reliable?


Data science project quality



  
    originally published on CircleCI blog, Nov 1, 2018
  



One way to improve software quality for Data Science is to create a project structure that ensures quality and repeatability. To do this, some ideas can be taken from the traditional software engineering world. Brian Kernigan, co-author of the AWK programming language and “K and R C”, summarized the true nature of software development in the book, Software Tools, when he stated, “Controlling complexity is the essence of software development.”


In a previous article I wrote on code quality about software engineering project quality in Python, I said the following:


“The first step in the process of writing high quality code is to re-examine the entire thought process of how an individual or team develops software. Often in failed, or troubled, software development projects, the software was developed in a reactionary stream of consciousness where the focus of the software development was on getting a problem solved in any manner possible. In a successful software project, the developer is thinking not only about how to solve the problem at hand, but additionally about the process involved in solving the problem.


A successful software developer will devise a way to run tests in an easily automated fashion, so they can continuously prove the software works. They are aware of the dangers of needless complexity. They are humble in their approach, seek critical review, and expect refactoring at every step of the way. They continuously think about how they can ensure their software is testable, readable, and maintainable.”


The same statement is true of data science projects; there needs to be an automated way to ensure quality is enforced. Fortunately, with a service like CircleCI and open source libraries this is easily achievable. In the sections below, this will be demonstrated step by step.


Data science project automated testing setup


One of the best ways to have a proper automated testing setup for a Data Science project is to set it up properly from the start. What does that look like?


*   Create a GitHub project. Create a new project like this example repo.
*   Create a .circleci directory with a config.yml file in it. This is an example config.yml you could refer to.
*   Create a .gitignore file. It is important to ignore non-essential files.
*   Create a README.md file. A good README.md should be able to show how a user builds the project and what the project does. Including a badge that shows the status of the CircleCI build is very helpful as well, like this example.
*   Create a Makefile. A Makefile is a common way to run steps in a build process and has been around for decades… for a reason… they just work. We will cover how to set this up for a data science project.
*   Other important files and directories that are optional are: library directory, command-line tools, requirements.txt and tests directory.


A good place to start is to look at a Makefile as a template. The contents of myrepo/Master/Makefile are shown below and can be found here:




  
  setup:
	python3 -m venv ~/.myrepo

install:
	pip install -r requirements.txt

test:
	python -m pytest -vv --cov=myrepolib tests/*.py
	python -m pytest --nbval notebook.ipynb

lint:
	pylint --disable=R,C myrepolib cli web

all: install lint test







The key steps are: setup, install, test, lint, and all (runs everything). The setup step creates an optional virtual environment, which could later be sourced by running the command:




  
  source ~/.myrepo/bin/activate`







The install step, which can be run as make install, installs the packages listed in the requirements.txt file. An example is found here.


The lint step, which makes sense if libraries, command-line tools, or web apps are created, can be run with: make install. It wouldn’t make sense to run on just Jupyter notebooks, but it does help to maintain the quality of the code associated with the project. Below is an example output from lint that can also be found here:




  
  (.myrepo) ➜  myrepo git:(master) ✗ make lint
pylint --disable=R,C myrepolib cli web
No config file found, using default configuration

--------------------------------------------------------------------
Your code has been rated at 10.00/10 (previous run: 10.00/10, +0.00)







The final and most important step is running make test. This uses pytest along with the <code>nbval plugin</code>. The output is shown below and can also be found here.




  
  (.myrepo) ➜  myrepo git:(master) ✗ make test
python -m pytest -vv --cov=myrepolib tests/*.py
============================================================ test session starts ===\
=========================================================
platform darwin -- Python 3.6.4, pytest-3.3.0, py-1.5.2, pluggy-0.6.0 -- /Users/noah\
gift/.myrepo/bin/python
cachedir: .cache
rootdir: /Users/noahgift/src/myrepo, inifile:
plugins: cov-2.5.1, nbval-0.7
collected 1 item                                                                    \
                                                        

tests/test_myrepo.py::test_func PASSED                                              \
                                                  [100%]

---------- coverage: platform darwin, python 3.6.4-final-0 -----------
Name                    Stmts   Miss  Cover
-------------------------------------------
myrepolib/__init__.py       1      0   100%
myrepolib/repomod.py       11      4    64%
-------------------------------------------
TOTAL                      12      4    67%

========================================================= 1 passed in 0.02 seconds =\
=========================================================
python -m pytest --nbval notebook.ipynb
============================================================ test session starts ===\
=========================================================
platform darwin -- Python 3.6.4, pytest-3.3.0, py-1.5.2, pluggy-0.6.0
rootdir: /Users/noahgift/src/myrepo, inifile:
plugins: cov-2.5.1, nbval-0.7
collected 4 items                                                                   \
                                                        

notebook.ipynb ....                                                                 \
                                                                [100%]

===================================================================== warnings summa\
ry ======================================================================
notebook.ipynb::Cell 0
  /Users/noahgift/.myrepo/lib/python3.6/site-packages/jupyter_client/connect.py:157:\
 RuntimeWarning: Failed to set sticky bit on '/var/folders/vl/sskrtrf17nz4nww5zr1b64\
980000gn/T': [Errno 1] Operation not permitted: '/var/folders/vl/sskrtrf17nz4nww5zr1\
b64980000gn/T'
    RuntimeWarning,

-- Docs: http://doc.pytest.org/en/latest/warnings.html
=========================================================== 4 passed, 1 warnings in \
2.08 seconds ============================================================







It is worth explaining how the nbval plugin works. In a nutshell, it runs the Jupyter notebook for you and ensures that all of the cells execute. There are two modes that can be used: one that actually checks the output of each cell, and one that doesn’t. The method that checks the output of each cell can be a bit tricky to get to work because many times random images or output are in cells, and the tests will fail on each subsequent run.


With all of that out of the way, there is very little left to do to get CircleCI running. That information is covered in the CircleCI docs. A final cherry on the sundae would be to get a badge working, which is also covered in the official documentation here, and there is an example in the repo shared for this article.


Summary


This article showed how to bootstrap a data science project, setup the Github structure, run tests, and then send it off to CircleCI to do the build. There is a video I created on YouTube that shows exactly how to setup and test this project here. Another great resource to follow would be to read about how I use CircleCI throughout the book Pragmatic AI: An Introduction to Cloud-based Machine Learning. Links to that are in the references.
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(.myrepo) » myrepo git:(master) python -m pytest tests/x.py
=============================================s=========== test session starts =s==============================s=======sss=ssssssssssss=s
platform darwin — Python 3.7.6, pytest-5.3.3, py-1.8.1, pluggy-0.13.1

rootdir: /Users/noahgift/src/myrepo

plugins: cov-2.8.1, nbval-0.9.4

collected 1 item

tests/test_myrepo.py F [100%]

FAILURES =:
test_func

def test_func():
result = repomod.myfunc()
> assert result == 1
3 assert 2 == 1

tests/test_myrepo.py:6: AssertionError

1 failed in 0.17s
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aws

Services v

Resource Groups v *

cloud9-hugo-duke

tic AI Labs v

Global ¥

Suppol

Block public access

Access Control List z
o Bucket Polic:

Bucket policy editor ARN: arn:aws:s3:::cloud9-hugo-duke
Type to add a new policy or edit an existing policy in the text area below.

"Version":
"Statement

{

1
2
3
4
5
6
7
8
9

1

]

"Resource

"2012-10-17",
5 [T

"Sid": "PublicReadGetObject",
"Effect": "Allow",
"Principal”: "*",

"Action": [

"s3:GetObject"

L

"arn:aws:s3: ::cloud9-hugo-duke/*"

CORS configuration

Cancel
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& > C | ® NotsSecure | cloud9-hugo-duke.s3-website-Us-east-1.amazonaws.com/posts/my-first-post/

My New Hugo Sit via AWS Cloud?

POSTS

I love Continuous Deployment

January 22, 2020

This is via Cloudg. I just made a change! A new change to test
1 webhook. Another new change.
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Update README.md

naster B8 o sad3vt

Python application test with Github ... Python application test with Github Actions / build

on: push succeeded 1 minute ago in 125

Setupjob

i i Run actions/checkout@v2
©) 2 other workflows ran on this commit Show

Setup Python 3.8

Install dependencies

1 » Run make install
6 pip install —-upgrade pip &\
7 pip install -r requirements.txt
8 Requirement already up-to-date: pip in
/opt/hostedtoolcache/Python/3.8.1/x64/1ib/python3. 8/site-packages (20.0.2
Collecting pylint
Downloading pylint-2.4.4-py3-none-any.whl (362 kB)
Collecting pytest
Downloading pytest-5.3.5-py3-none-any.whl (235 kB)
Collecting black
Downloading black-19.10b8-py36-none-any.whl (97 kB)
Collecting isort<s,>=4.2.5
Downloading isort-4.3.21-py2.py3-none-any.whl (42 kB)
Collecting mccabe<0.7,>=0.6
Downloading mccabe-0.6.1-py2. py3-none-any.whl (8.6 kB)
Collecting astroid<2.4,>=2.3.0
Downloading astroid-2.3.3-py3-none-any.whl (205 kB)
Collecting attrs>=17.4.0
Downloading attrs-19.3.0-py2.py3-none-any.whl (39 kB)
Collecting pluggy<1.0,>=0.12
Downloading pluggy-0.13.1-py2.py3-none-any.whl (18 kB)
Collecting wewidth
Downloading wewidth-0.1.8-py2.py3-none-any.whl (17 kB)
Collecting more-itertools>=4.0.0
Downloading more_itertools-8.2.8-py3-none-any.whl (43 kB)
Collecting packaging
Downloading packaging-20.1-py2.py3-none-any.whl (36 KB)
Collecting py>=1.5.0

Lint with pylint

Test with pytest

> Run make test
python -m pytest -wv test_hello.py
= test session starts
platform linux —- Python 3.8.1, pytest-5.3.5, py-1.8.1, pluggy-0.13.1 —
/opt/hostedtoolcache/Python/3.8.1/x64/bin/python
cachedir: .pytest_cache
rootdir: /home/runner/work/github-actions-pytest/github-actions-pytest
collecting ... collected 1 item
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Build history | Build details | Build triggers

Project configuration

Name

hugo-continuous-delivery-demo

Project ARN

arn:aws:codebuild:us-east-1:561744971673:project/hugo-continuous-delivery-demo

» Tags

Metrics

Description

hugo-continuous-delivery-demo

Source

Source provider
GitHub

Git clone depth
1

Source identifier

Git submodules

True

Repository

noahgift/hugo-continuous-delivery-
demo [

Source version

Primary source webhook events

Webhook
Disabled

Environment

Image

aws/codebuild/amazonlinux2-x86_64-
standard:2.0

Service role

arn:aws:iam::561744971673:role/service
-role/codebuild-build-hugo-service-role

Registry credential

Environment type

Linux

Timeout

1 hour 0 minutes

Compute
3 GB memory, 2 vCPUs

Queued timeout

8 hours 0 minutes.

Privileged
False

Certificate
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Envronment

AWSClouds Flo Edi Find Vew Go Fun Toos Window Support Preview () Run

ovops-demoané

©

o

Jan2tambes

python-deveps course

s

o

» 0 archetypes

0 posts
st postma

& swgrore
atmedues
bulspecymi
confgtomi
Makefle
ReADMEma
§ hgo 0622 Uzt
1 indextem
JozLpem
ucense
ReAOMEmd

B buidspecym

version: 0.1

¥

2

3 environment_variables:
4 plaintext:

$ HUGO_VERSION: "0.62"
6

4

8

9

phases:

install:

command

10 - cd /tmp
1 - wget https://github.com/gohugoio/hugo/rel eases/donnload/v$ {HUGO_VERSION} /hugo_$ {HUGO_VERSION}_Linux-64bit.tar.gz
12 - tar -xzf hugo_${HUGO_VERSION} _Linux-64bit. tar.gz
13 - mv hugo /usr/bin/hugo
14 -cd -
15 - rm -rf /tmp/*
16 build:
17 commands:
18 - rm -rf public
19 - hugo deploy
20 post_buil

21 commands :
22 - echo Build completed on “date’

B g2

eci-useri~/environment/quickstart (master) § git status
0n branch master

Your branch is up-to-date with 'origin/master.

Untracked files:
(use "git add <files..." to include in what will be committed)

buildspec.yml

nothing added to commit but untracked files present (use “git add" to track)
ec2-users~/environment/quickstart (master) $ git add buildspec.yml
ec2-useri~/environment/quickstart (master) § git commit -m “adding final build step'
[master 74a9b8f] adding final build step
1 file changed, 22 insertions(s)
create node 100644 buildspec.ynl
ec2-useri~/environment/quickstart (master) $ git push
Warning: Pernanently added the RSA host key for 1P address '140.82.114.3' to the List of known hosts.
Counting objects: 3, done.
Delta conpression using up to 2 threads.
Compressing objects: 100% (3/3), done.
Writing objects: 100% (3/3), 547 bytes | 547.00 KiB/s, done.
Total 3 (delta 1), reused 0 (delta 0)
remote: Resolving deltas: 100% (1/1), completed with 1 local object.
To github.com:noahgift/hugo-continuous-delivery-demo.git
7122977409081 master —> naster
ec2-isarin/environment/quichstart (naster) s |l

(0 Bytes) 11

sha

INSERT VAML  Spaces: 4
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Cloud Shell f=} =
File Edit Selection View Go Help
| @ EXPLORER @ @ mainpy X
+ W NOAH GIFT 5  app = Flask(__name_)
» m cloudmi-samples-master 6
7 @app.route('/') |
' .- poiouiel L
o 8 def hello(): |
» menvs 9 wweReturn a friendly HTTP greeting.""" 1
+ m,python-docs-samples 10 return 'Hello I like to make AI Apps’
1 ]
+ mappengine
b 12 @app.route('/nane/<values’) O
b fextle 13 def name(value):
» m standard 14 val = {"value": value}
4 mystandard_python37 15 return jsonify(val)
16
» Wb
igauery o
buildinc
(helloml-242121) X + - X
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S ‘____

Q Type a prefix and press Enter to search. Press ESC to clear.

+ Create folder

Name v

& categories

& dist

& images

& posts

& tags

[® 404.htm!

[# index.html

[# index.xml

& sitemap.xml

Actions v

Last modified v

Jan 22, 2020 7:38:40
PM GMT-0500

Jan 22, 2020 7:38:40
PM GMT-0500

Jan 22, 2020 7:38:40
PM GMT-0500

Jan 22, 2020 7:38:40
PM GMT-0500

US East (N. Virginia)

Size v

2.1 KB

3.8 KB

1.0KB

838.0B

Viewing 1to 9

~
(%3

Storage class v

Standard

Standard

Standard

Standard
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Rosource Groups ~ %

Pragmatic AT Labs

N. Virginia -

Support -

Developer Tools
CodeBuild

» Source

v Build -
Getting started
Buld projects

Settings
Buld history

Report groups
Report history

Account metrics
» Deploy
» Pipeline

» Settings

Developer Tools > CodeBuild

hugo-continuous-delivery-demo > hugo-c

180-8009-4446-bSse-c5c996:

hugo-continuous-delivery-demo:02905780-8009-4446-b5ae-c5¢9963367d6

Build status

© Succeeded

Start time
Jan 23, 2020 12:29 PM (UTC-5:00)

Phase details | Reports

‘Showing the last 348 lines o the build log.

2020/01/23
2070/01/23
2020/01/23
2020/01/23
2070/01/23
2020/01/23
2020/01/23
2020/01/23
2020/01/23
2070/01/23
2020/01/23
2020/81/23

Github-Hookshot/Odcabd?

End time
Jan 25, 2020 12:29 PM (UTC-5:00)

Environment variables | Build details

lew entire log

tatsing for agent ping
Waiting for DONNLOD SOURCE
Phase 1s DOWNLOAD_SOURCE
CODEBUTLD._SRC_DIR-

Build ARN

armaws:codebuldus-east-1:561744971675:bulld/hugo-
continuous-delivery-demo:02905780-8009-4446-b53e-
5699633676

Buld Number
i

~ Show previous logs.

Resolved source version

196926842131a146965b4beB0I3b4ea 0bIDEEE

Tall logs

/codebu 1/0utput/srcs5729561/5rc/gi thub. com/noahg Ft/hugo-cont nuous-del ivery-deno

YAML Tocation 1s /codebutld/output/Srcs85729561/5rc/github, con/noangt ft/hugo-continuous-del very-demo/butldspec. ynl

Processing environment variables

Moving to directory /codehut L4/cutput/sres05729561/src/github. con/noahgt ¢/ hugo-continuous-del very-deno
e

Regisfering wiin aent
Phises found 1n YABL: 3
& comnands

1 BUILD: 3 comands.

POST_BUTLD: 1 commands
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Pullrequests Issues Marketplace Explore

1noahgift / github-actions-pytest © Unwatch~ 1 *star 0  YFork 0
Code Issues 0 Pull requests 0 © Actions Projects 0 Wiki Security Insights Settings
Workflows (s All workflows

©) All workflows

e3 Python application test with Gith...
Eventv  Statusv  Branch~  Actor~

+ Python application test with master [ 2 minutes ago

Github Actions triggered by noahgift ®2zs
on: push (a6ag08d)
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aws Sen

es v Resource Groups v

Developer Tools > CodeBuild > Build projects > Create build project

Create build project

Project configuration

Project name

A project name must be 2 to 255 characters. It can include the letters A-Z and a-z, the numbers 0-9, and the special characters - and _.

Description - optional

Build badge - optional
Enable build badge

» Additional configuration
tags
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hello():
"hi there! from vim"

hello[l] [

INHTIMG: somefile.py[+] pyt.. 3
neocomplete requires Vim 7.3.885 or later with Lua support ("+1lu
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Jenkins

python

Generl Source Code Management 1

ait

Subversion

Build Triggers

‘Trigger builds remotely (e.g., from scripts)
Build atter other projecs are built

Build periodically

GitHub hook trigger for GITScm poling
Poll SCM

Build Environment

Delete workspace before buld starts
Use secret text(s) or file(s)

Abort the buld ifits stuck

‘Add timestamps to the Console Output

Inspect build log for published Gradie build scans.
With Ant

Build

Add bulld step ~

Executo Windows batch command
| Execute shel
nvoke Ant
Invoke Gradie scipt
Invoke topfevel Maven targets
Run with timeout

‘Set build status to "pending" on GitHub comit

®

o000
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Recent Posts

I love Continuous Deployment

This is via Cloud9. | just made a change!
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helo.ay—testng-in-python

EXPLORER current: ~/tipfbin/python

\ OPENEDITORS Python 36.4 64-bit
X & heflopy [Library/Frameworks/Python framework/Versions/3.6/binjpython3

\ TESTING-IN-PYTHON Python 37.2 64-bit
> vscode library/Framenorks/Python framework/Versions/3.7/binfpythan3

> projects Python 3.7.3 64-bit
# hello.py Jusr/bir/pytnand

® READMEmd Python 376 64-bit
~[ipfbinpython

Python 376 64-bit
Justflocalbir/python3

Python 3.7.6 64-bit
Jusrflocalfopt/python/bin/python3.7

) Linter pylint is not installed.

> OUTLINE
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Pullrequests Issues Marketplace Explore

Create a new repository

A repository contains all project files, including the revision history. Already have a project repository elsewhere?
Import a repository.

Owner Repository name *
i noahgift~  /  hugo-continuous-delivery-demo
Great repository names are short and memorable. Need inspiration? How about expert-octo-fiesta?

Description (optional)

‘ Full continuous delivery of Hugo with AWS

 [] Public
Anyone can see this repository. You choose who can commit.

Private
You choose who can see and commit to this repository.

Skip this step if you're importing an existing repository.

¥l Initialize this repository with a README
This will let you immediately clone the repository to your computer.

Add gitignore: Go v Add alicense: Nonev =~ ®
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B8 my-first-post.md > Makefile x @
1
2

3

(53Bytes) 1:1 INSERT Makefi

B bash-"ip-17231x @

CLLTURE! o7/ CHVLI VIIIGH L/ YULLRI LAT L \NGILET /| P
ec2-user:~/environment/quickstart (master) $ 1ls

archetypes config.toml content data layouts public resources static themes
ec2-user:~/environment/quickstart (master) $ touch Makefile
ec2-user:~/environment/quickstart (master) $ vim Makefile
ec2-user:~/environment/quickstart (master) $ make clean
echo "deleting generated HTML"

deleting generated HTML

rm -rf public

ec2-user:~/environment/quickstart (master) $ []
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New Environment.
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EXCLORER # hellopy

* OPENEDITORS 2 hellopy

X % hellopy def say():
 TESTINGAIN-PYTHON A simple function®
print("
> wscode
projects
% hellopy -
@ READMEmd say

PROBLEMS ~OUTPLT  DEBUGCONSOLE  TERMINAL

source /Users/noahgift/.tip/hin/activate

-+ testing-in-python git:(master) x source /Users/noshgift/.tip/bin/activate
(-tip) + testing~in-python git:(naster) x python hello.py
hello

{.tip) » testing-in-python git:(naster) x ||

> OUTLINE
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Getting Started

Unlock Jenkins

To ensure Jenkins is securely set up by the administrator, a password has been written
to the log (not vhere to find it?) and this file on the server:

/Users/noahgift/.jenkins/secrets/initialAdminPassword

Please copy the password from either location and paste it below.

Administrator password
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Roles > codebuild-build-hugo-service-role
‘
Summary Delete role

Role ARN  arm:awsiiam::561744971673role/service-role/codebuilc-build-hugo-service-role (3]
Role description  Edit
Instance Profile ARNs (7]
Path /service-role/
Creation time 2020-01-23 11:21 EST
Lastactivity  Not accessed in the tracking period
Maximum CLI/API session duration 1 hour Edit

Permissions | Trustrelationships ~ Tags | Access Advisor  Revoke sessions

~ Permissions policies (2 policies applied)

© s e

Policy name ~ Policy type ~
» W0 AdministratorAccess AWS managed policy x
»  CodeBuildBasePolicy-hugo-continuous-delivery-demo-us-east-1 Managed policy x

» Permissions boundary (not set)
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Environment

AWS Cloud9 File Edit Find View Go Run Tools Window Support
Go to Anything (38 P) | Makefile X requirements.t X hellg
v @8 devops-demojans - L+ #f!/usr‘/bir}/env python
import click
4 R import glob
» [ jan8

v (7] python-devops-course
» [ git
> (0 pytest_cache
»@ __pycache__
.coverage
& -gitignore
| gclipy
> hello-click.py
> hello-click2.py
Makefile
Python_for_DevOps.ip'
README.md
requirements. txt
> test_gcli.py
README.md

#larbad=

@click.command()

i

2

3

4

5 # this is bad code intentionally

6

7

8

9 @click.option('--path', prompt='Path to

10 help="This is the path to
11 @click.option('--ftype', prompt='Pass in
2] help="Pass in the file typ
13 - def search(path, ftype):

14 results = glob.glob(f"{path}/*.{ftyp:
15} click.echo(click.style('Found Matche:
165

for result in results:

Az il cchofelicl cid ol faacull

bash - "ip-172-31 x Immediate x )

ec2-user:~/environment $ echo $home

ec2-user:~/environment $ echo $HOME
/home/ec2-user
ec2-user:~/environment $ 1ls -1 ~/
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I noahgift / hugo-continuous-delivery-demo @unwatch~ 1 Kstar 0  YFork 0

<> Code ) Issues 0 ") Pull requests 0 © Actions 1" Projects 0 SEWiki @) Security |l Insights £ Settings

Full continuous delivery of Hugo with AWS Edit

Manage topics

® 5 commits P 1branch 0 packages © Oreleases 42 1 contributor

T romerewtie | Upkdties | Fndie
I8 noahgift Merge branch ‘master'of github.com:noahgift/hugo-continuous-delivery... '+ Latest commit 7122¢97 4 minutes ago
I archetypes ccommit hugo site 7 minutes ago
I content/posts ccommit hugo site 7 minutes ago
| themes ccommit hugo site 7 minutes ago
[E .gitignore Update .gitignore 35 minutes ago
B .gitmodules commit hugo site 7 minutes ago
[E Makefile ccommit hugo site 7 minutes ago
[E) README.md Initial commit 1hour ago
[E config.toml ccommit hugo site 7 minutes ago

README.md ’
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5g-2060d554
sg-437a200a
5970613039

Security Group: sg-0d414efd1c3426ca2

Description | Inbound | Outbound

Custom TCP Rule

Custom TCP Rule

SSH

SSH

‘aws-cloudg-devops-demo-jand-235210bi13a14be 189c173aeeed 1837
default

ElasticMapReduce-master

ElasticMapReduce-slave
Tags

Protocol (i Port Range (|
Tcp 8080
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ec2-user:~/environment/quickstart (master) $ git branch --set-upstream-to=origin/master
Branch master set up to track remote branch master from origin.
ec2-user:~/environment/quickstart (master) $ git pull --allow-unrelated-histories
Merge made by the 'recursive' strategy.
.gitignore | 18 +t+ttttbtbtttttibbt
README.md | 2 ++
2 files changed, 20 insertions(+)
create mode 100644 .gitignore
create mode 100644 README.md
ec2-user:~/environment/quickstart (master) $ git push
Counting objects: 13, done.
Delta compression using up to 2 threads.
Compressing objects: 100% (9/9), done.
Writing objects: 100% (13/13), 1.42 KiB | 1.42 MiB/s, done.
Total 13 (delta 1), reused @ (delta @)
remote: Resolving deltas: 100% (1/1), done.
To github.com:noahgift/hugo-continuous-delivery-demo.git
85e2e@a..7122c97 master —> master
ec2-user:~/environment/quickstart (master) $ [}
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Introduction



If you are picking up this book, it is because you want to level up the quality of the code you are producing. Regardless of the background and what type of work you are trying to achieve, testing is a prime indicator of solid software practices. From students to data scientists and programmers, testing is a core value that should be practiced, enhanced, and maintained throughout. When testing is part of a project, it means that the code is brief enough that it can easily accept inputs to ensure the outputs meet expectations. On the other hand, when it is hard, it indicates that code is fragile, and a refactoring should take place.



Testing is here to help you write better software, enhance your confidence, and make it easier to maintain.



This book is using a method called Lean Publishing, which allows us to write the book and release it before it finishes. Are you seeing that some chapters are missing? We are committed in finishing it, and keep updating it until it is done. One complete, we are going to ensure that the versions are up to date, and everything is still working.



Why test at all?



When there are no tests, there is no way to ensure that changes aren’t breaking other assumptions. Applications that start small don’t necessarily mean that they will stay that way; when they grow without tests, it creates a big problem: no one will want to make changes to avoid breakage. Even in the smallest applications, having some validation that things are working as expected is a good idea.



The “Broken Windows Theory” explains that when there are visible signs of violence or civil disorder, it encourages more crime, creating a vicious cycle. This theory also has a parallel in software. A very long function will get longer and harder to maintain. Tests are the medicine - it forces complicated code to be more granular and more comfortable to read and keep because that, in turn, makes it easier to test!



Writing tests may feel like a tedious chore, that might not give immediate satisfaction, but like most good foundations, the result is robustness and confidence. A week after touching a software project, you might not quite remember what that function was supposed to do when receiving an empty list. Changes to software are a given, and without something to confirm that everything is still working as intended, breakage will occur.



Someone once mentioned “I’d rather add some tests than receive a call from an angry customer”. Let’s not wait until customers (or users!) find out about failures that don’t need to exist.



Leveling up from simple scripts to robust implementations



There is always a struggle between advancing a software project and (seemingly) slowing down to write tests. If you are coming from writing short snippets on an interactive shell, like Jupyter Notebooks or small scripts, this struggle will feel stronger. Throughout the process, though, you will be doing some testing regardless. For example, if you are writing a command-line tool, and you are implementing a new option, then you will probably end up in the terminal trying out that unique option to see if it does what you are expecting. The problem is that the workflow doesn’t scale beyond one or two flags, and it is error-prone. The best solution is to have a good set of tests that can run almost instantly and reassure you that everything is working great.



Python, Pytest, Tox supported versions in this book



This book works to fully support a range of Python, Pytest, and Tox versions. And we are committed to ensuring the examples work correctly with an automated test suite.



The supported versions in this book are:




  		Python: Versions 3.6 and newer (including 3.8 as of this writing!)


  		Pytest: Major version 5 (most examples use 5.3.2)


  		Tox: Major Version 3 (most patterns use 3.14)






About the cover



What you see on the cover of this book is Moray, an essential Incan site. Archeologists think this works as a testing laboratory for crops. The differences in the rings are significant enough in temperature, as well as sunlight and altitude, that the Incas could better understand ideal conditions for different crops. The analogy here is perfect; the importance of testing and ensuring things are in its optimum state, is excellent.
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