
pip and Package Management in Python
1. What Is pip?

pip is Python's standard package installer.

It allows you to:

install packages
remove packages
upgrade packages
inspect installed packages
install specific package versions
install dependencies from a file

For example:

python -m pip install requests

This installs the requests package so your Python program can use it.

Think of pip as a package manager for Python projects.

2. What Is a Python Package?
A package is reusable Python code that someone has already built.

Instead of writing everything yourself, you can install an existing package.



For example:

requests

helps applications communicate with HTTP APIs.

Other common packages include:

numpy
pandas
flask
fastapi
django
pytest

A project might use several packages:

Your Application
�
��� requests
��� python-dotenv
��� fastapi
��� pytest

pip helps you manage these dependencies.

3. Why Do We Need Package Management?
Imagine building a web application.

Your application needs:



FastAPI
Database library
Environment variable support
Testing tools

Installing these packages manually and remembering every version becomes difficult.

Package management gives you a consistent way to:

Find
 �
Install
 �
Update
 �
Remove
 �
Record
 �
Reinstall

your project's dependencies.

4. pip and Virtual Environments
pip and virtual environments solve different problems.

A virtual environment provides:

Isolation



pip provides:

Package management

Together:

Project
�
��� .venv
      �
      ��� pip
            �
            ��� requests
            ��� fastapi
            ��� python-dotenv

For a real project, you will often create a virtual environment first and then use pip inside it.

5. Checking Whether pip Is Available
Run:

python -m pip --version

You may see something similar to:

pip 25.x from .../site-packages/pip

This confirms that pip is available through that Python interpreter.

You can also run:



pip --version

But:

python -m pip --version

is often clearer because it explicitly connects pip to the Python interpreter you're using.

6. Why Use python -m pip?
You may see both:

pip install requests

and:

python -m pip install requests

The second form tells Python:

Run the pip module associated with this Python interpreter.

This is useful when multiple Python installations or virtual environments exist.

For example:

Python A
   �
pip A



Python B
   �
pip B

A plain:

pip

could point somewhere unexpected.

Using:

python -m pip

helps keep the Python interpreter and package installer aligned.

A good default habit is:

python -m pip install package_name

7. Installing a Package
The basic command is:

python -m pip install requests

pip will:

find the package1. 
download it2. 



install it3. 
install required dependencies when needed4. 

After installation:

import requests

response = requests.get("https://example.com")

print(response.status_code)

8. Installing Multiple Packages
You can install multiple packages in one command:

python -m pip install requests python-dotenv

Another example:

python -m pip install fastapi uvicorn

This is useful when setting up a project with several dependencies.

9. Installing a Specific Version
Sometimes your project requires an exact package version.

Use:



python -m pip install requests==2.32.3

The operator:

==

means:

Install exactly this version.

For example:

requests==2.32.3

10. Minimum Version
You can specify a minimum version:

python -m pip install "requests>=2.31"

This means:

2.31 or newer

subject to the package's available releases and dependency resolution.

11. Maximum Version



You can specify an upper limit:

python -m pip install "requests<3"

This means:

Any version below 3

12. Version Ranges
You can combine constraints:

python -m pip install "requests>=2.31,<3"

This means:

2.31 or newer
AND
below 3

Version constraints are important when maintaining stable projects.

13. Upgrading a Package
To upgrade a package:

python -m pip install --upgrade requests

or:



python -m pip install -U requests

The package is updated to an available version compatible with the command's requirements.

14. Uninstalling a Package
Remove a package with:

python -m pip uninstall requests

pip normally asks you to confirm the removal.

After uninstalling:

import requests

will no longer work in that environment unless another installation provides it.

15. Listing Installed Packages
Use:

python -m pip list

Example:

Package        Version
-------------- -------
pip            25.x



requests       2.32.3
urllib3        2.x

This is useful when checking what is installed in your current environment.

16. Inspecting a Package
Use:

python -m pip show requests

You may see information such as:

Name: requests
Version: 2.32.3
Location: ...
Requires: ...

This helps you understand where a package is installed and what it depends on.

17. Finding Outdated Packages
Run:

python -m pip list --outdated

This can show packages for which newer versions are available.

For example:



Package      Current    Latest
-----------  ---------  -------
requests     2.31.0     2.32.3

Do not automatically upgrade every outdated package in a production project.

Updates can introduce breaking changes or compatibility problems.

18. Installing From requirements.txt
A project can store dependencies in:

requirements.txt

Example:

requests==2.32.3
python-dotenv==1.1.0

Install everything with:

python -m pip install -r requirements.txt

This is one of the most common Python project setup commands.

19. Creating requirements.txt
You can generate a list of packages installed in the current environment:



python -m pip freeze > requirements.txt

Example result:

certifi==...
charset-normalizer==...
requests==2.32.3
urllib3==...

Notice that pip freeze can include transitive dependencies as well.

A package you directly install may depend on other packages, and those dependencies can appear in the frozen output.

20. Direct Dependencies vs Transitive Dependencies
Suppose your application installs:

requests

But requests itself depends on other packages.

Conceptually:

Your Application
       �
       ��� requests
             ��� dependency A
             ��� dependency B
             ��� dependency C

The packages your application explicitly chooses are often called:



Direct dependencies

Packages required by those dependencies are:

Transitive dependencies

Understanding this distinction becomes important in larger projects.

21. Installing From a Local Package
pip can also install a package from a local directory.

For example:

python -m pip install .

This is common when a project itself is packaged as a Python project.

For editable development:

python -m pip install -e .

Editable installation is particularly useful when developing a package locally because changes to the source can be reflected without 
repeatedly reinstalling the package.

22. Installing From a Git Repository
pip can install packages from version control sources when they are structured as installable Python projects.



For example:

python -m pip install "SomePackage @ git+https://github.com/example/SomePackage.git"

This is more common in development workflows than in ordinary beginner projects.

For production dependencies, pinning to a known release or commit can be important for reproducibility.

23. What Is PyPI?
Many Python packages are distributed through:

Python Package Index, commonly called PyPI.

Conceptually:

Developer
   �
Publishes package
   �
PyPI
   �
pip finds/downloads package
   �
Your project

When you run:

python -m pip install requests

pip can retrieve the package from a configured package index, commonly PyPI.



24. Package Name vs Import Name
An important detail:

The name used with pip does not always match the name used in Python.

For example:

python -m pip install beautifulsoup4

but in Python:

from bs4 import BeautifulSoup

So:

Package name
beautifulsoup4

Import name
bs4

Do not assume the two names must always be identical.

25. Package Name vs Distribution
A Python project can have a distribution name that differs from the import package name.

This is why you should check the package's documentation rather than guessing.



For example:

python -m pip install package-name

does not necessarily mean:

import package-name

Python import syntax has its own naming rules.

26. Dependencies
A package can require other packages.

For example:

Application
   �
Package A
   �
Package B
   �
Package C

When installing Package A, pip may install its required dependencies.

This is called dependency resolution.

The purpose is to provide the packages required for the requested installation while respecting their declared requirements.



27. Dependency Conflicts
Sometimes two packages require incompatible versions.

For example:

Package A � requires library X < 2

Package B � requires library X >= 2

Now there may be no single version that satisfies both requirements.

This is a dependency conflict.

You may see an error explaining that the requested packages have incompatible requirements.

The solution is not always simply:

pip install --upgrade everything

Instead, identify:

which packages conflict
which versions they require
whether newer compatible releases exist
whether your application actually needs both packages

28. Why Package Versions Matter
Suppose your code was written using:



library version 1

Then you install:

library version 2

Version 2 may change:

function names
arguments
return values
defaults
behavior
APIs

Your code may stop working.

That is why dependency versions should be managed deliberately.

29. Semantic Versioning
Many packages use a version pattern such as:

MAJOR.MINOR.PATCH

For example:

2.32.3

Conceptually:



2  � major
32 � minor
3  � patch

The exact compatibility guarantees depend on the project and its versioning policy.

Do not assume every Python package follows semantic versioning perfectly.

30. Pinning Dependencies
Pinning means specifying an exact version.

Example:

requests==2.32.3

This improves reproducibility because everyone installs the same requested version.

However, pinning every dependency manually can make maintenance harder.

A mature project often distinguishes between:

Direct dependency constraints

and:

Fully locked dependency set

The exact strategy depends on the project's tooling and deployment requirements.



31. requirements.txt Is Not the Only Option
Modern Python projects can also define dependencies in:

pyproject.toml

For example:

[project]
dependencies = [
    "requests>=2.31",
    "python-dotenv>=1.0"
]

pyproject.toml is a modern standard configuration file used by Python packaging tools.

You may still encounter:

requirements.txt

frequently, especially in applications, tutorials, deployment systems, and existing projects.

32. Requirements Files Can Be Layered
Large projects sometimes use multiple requirements files.

For example:

requirements.txt
requirements-dev.txt



requirements-test.txt

Conceptually:

Production
    requests
    fastapi

Development
    production dependencies
    pytest
    ruff

Testing
    production dependencies
    test tools

This keeps development-only tools separate from production dependencies.

33. Development Dependencies
Not every package is required to run your application.

For example:

Application:
    fastapi

Development:
    pytest
    ruff



    mypy

The application may not need testing or linting packages in production.

Separating dependency categories can make deployments smaller and clearer.

34. Package Management in a Team
Imagine a team building a Python API.

Developer A installs:

fastapi
requests
python-dotenv

Developer B clones the project.

Without a dependency definition, B has to guess:

Which packages?
Which versions?
Which tools?

With a dependency file:

python -m pip install -r requirements.txt

the setup becomes much more predictable.



35. Package Management Workflow
A useful workflow is:

Create project
     �
Create virtual environment
     �
Activate environment
     �
Install dependencies
     �
Develop
     �
Test
     �
Record dependencies
     �
Commit dependency configuration

For another developer:

Clone project
     �
Create virtual environment
     �
Activate
     �
Install dependencies
     �
Run tests
     �
Start development



36. Inspecting the Dependency Tree
For complex projects, knowing only the direct package list may not be enough.

You may need to understand:

Package A
 ��� Package B
      ��� Package C

Tools such as dependency-tree utilities can help inspect these relationships.

One commonly encountered tool is:

python -m pip install pipdeptree

Then:

pipdeptree

This is an optional development tool rather than something every project needs.

37. Checking for Security Issues
Package management also has a security dimension.

Third-party packages become part of your application's dependency chain.

Before using a package, consider:



Is it actively maintained?
Is it from a trustworthy source?
Is the package name correct?
Does it have known security issues?
Do you actually need it?
Are you keeping dependencies reasonably current?

Do not blindly install packages just because their names appear in search results.

Typosquatting attacks can use package names that resemble popular libraries.

38. Avoiding Dependency Bloat
More packages do not automatically make a project better.

Suppose you need to make one HTTP request.

Installing five packages for a task that one well-maintained package can handle creates unnecessary complexity.

Before installing a dependency, ask:

Do I need this?
        �
Does the standard library already solve it?
        �
Is the package maintained?
        �
Does it introduce many dependencies?
        �
Will this dependency remain useful?



This is part of good package management.

39. Standard Library vs Third Party Package
Python already includes many useful modules:

os
pathlib
json
csv
datetime
logging
sqlite3

You do not need to install these with pip.

For example:

from pathlib import Path

works because pathlib is part of Python's standard library.

You would not run:

pip install pathlib

just to use the standard library version.

40. A Common Beginner Mistake



A beginner may see:

import json

and think:

pip install json

That is unnecessary because json is built into Python.

A better question is:

Is this module part of Python's standard library, or is it a third-party package?

41. Package Installation Location
Packages installed through the active environment normally go into that environment's package directory.

For example:

project/
��� .venv/
    ��� Lib/
        ��� site-packages/

On other operating systems, the exact path differs.

You can find a package's location with:



python -m pip show requests

42. Cleaning Up Packages
If your project no longer needs a dependency:

python -m pip uninstall package_name

You should also remove it from the project's dependency configuration if it was listed there.

Otherwise a future environment setup could reinstall a package that the project no longer needs.

43. Rebuilding an Environment
If an environment becomes confusing or corrupted, rebuilding can be simpler than trying to repair it manually.

Conceptually:

Delete .venv
      �
Create .venv again
      �
Install dependencies
      �
Run tests

For example:

python -m venv .venv



python -m pip install -r requirements.txt

The environment itself should be considered disposable.

Your source code and dependency configuration are the important project assets.

44. Real World Example: haas.dev Resource Service
Imagine a Python backend for haas.dev resources.

The application needs:

FastAPI
python-dotenv
requests

The project could contain:

haas_resource_service/
��� .venv/
��� app/
�   ��� main.py
�   ��� services.py
�   ��� config.py
��� requirements.txt
��� .gitignore
��� README.md

Install dependencies:

python -m pip install fastapi python-dotenv requests



Record them:

python -m pip freeze > requirements.txt

Another developer can then create an environment and run:

python -m pip install -r requirements.txt

The important idea is that package management makes the project's external dependencies explicit and reproducible.

45. Best Practices
1. Use a virtual environment
python -m venv .venv

2. Prefer python -m pip

python -m pip install package

3. Install only what you need

Avoid unnecessary dependencies.

4. Check package versions
python -m pip show package_name

5. Keep dependencies reproducible

Use an appropriate dependency configuration.



6. Separate development dependencies when useful

Testing and linting tools do not always belong in production.

7. Review updates

Do not blindly upgrade every package.

8. Remove unused dependencies

A smaller dependency tree is easier to maintain.

9. Verify package sources

Make sure you are installing the intended package.

10. Keep your environment disposable

Recreate it when necessary instead of treating it as a permanent project artifact.

46. Common Mistakes
Mistake 1: Using the wrong environment

Package installed in Environment A
Program running in Environment B

Check:

python -c "import sys; print(sys.executable)"



Mistake 2: Confusing package name and import name

python -m pip install beautifulsoup4

but:

import bs4

The names do not always match.

Mistake 3: Installing standard library modules

You do not need:

pip install json

for Python's built-in json module.

Mistake 4: Installing everything globally

This can create conflicts between projects.

Use project-specific virtual environments.

Mistake 5: Blindly upgrading everything

An update can introduce compatibility problems.



Upgrade intentionally and test afterward.

Mistake 6: Forgetting dependency configuration

Installing a package locally is not enough if another developer needs the same dependency.

Record it appropriately.

Mistake 7: Adding dependencies for trivial tasks

Every dependency adds maintenance and security considerations.

Use the standard library when it already provides a suitable solution.

47. 5 Minute Challenge
Create a project:

package_demo/

Create a virtual environment:

python -m venv .venv

Activate it.

Install:



python -m pip install requests

Check:

python -m pip list

Inspect:

python -m pip show requests

Then create:

python -m pip freeze > requirements.txt

Finally, uninstall:

python -m pip uninstall requests

Your challenge is to restore the package using:

python -m pip install -r requirements.txt

This demonstrates the complete package lifecycle.

48. Mini Project: Dependency Reproduction Test
Create:

dependency_demo/
��� .venv/
��� app.py



��� requirements.txt
��� .gitignore

Install two third-party packages.

Create app.py that imports them.

Generate:

python -m pip freeze > requirements.txt

Then:

Delete .venv.1. 
Create it again.2. 
Activate it.3. 
Install from requirements.txt.4. 
Run app.py.5. 
Confirm that the project works again.6. 

Goal

Learn that:

Environment

can be recreated from:

Dependency definition

49. Exercises



Exercise 1

Install:

requests

Then display its version.

Exercise 2

Install a specific version of a package using:

==

Exercise 3

Find outdated packages using:

python -m pip list --outdated

Exercise 4

Choose one installed package and inspect it with:

python -m pip show package_name

Exercise 5



Create a requirements.txt file.

Exercise 6

Remove a package and reinstall it from the requirements file.

Exercise 7

Find a package whose pip name differs from its Python import name.

Exercise 8

Identify three modules you use that are part of Python's standard library and therefore do not require pip.

50. Mini Quiz
Question 1

What is pip?

A. A Python editor
B. A package installer and package management tool
C. A database
D. A compiler

Answer: B



Question 2

Which command installs requests?

A.

python install requests

B.

python -m pip install requests

C.

pip create requests

D.

python requests install

Answer: B

Question 3

What does this mean?

requests==2.32.3

Answer: The project requires exactly version 2.32.3 of requests.



Question 4

Which command lists installed packages?

python -m pip list

Question 5

Which command installs dependencies from a requirements file?

python -m pip install -r requirements.txt

Question 6

Does every import require installing a package with pip?

Answer: No. Python's standard library already contains many modules.

51. Interview Questions
Beginner

What is pip?1. 
Why is package management important?2. 
How do you install a Python package?3. 
How do you uninstall a package?4. 
How do you upgrade a package?5. 
How do you list installed packages?6. 



What is requirements.txt?7. 
How do you install dependencies from requirements.txt?8. 
What does pip freeze do?9. 
Why use a virtual environment with pip?10. 

Intermediate
Why is python -m pip often preferred over pip?11. 
What is a dependency?12. 
What is a transitive dependency?13. 
What is a dependency conflict?14. 
What does version pinning mean?15. 
What is the difference between ==, >=, and < in dependency specifications?16. 
What is PyPI?17. 
Why might the package name differ from the import name?18. 
What is an editable installation?19. 
Why should you avoid unnecessary third-party dependencies?20. 
What is pyproject.toml?21. 
What are development dependencies?22. 
Why can blindly upgrading dependencies be risky?23. 
How can you determine where a package is installed?24. 
Why should package sources be verified before installation?25. 

52. Quick Cheat Sheet
Check pip

python -m pip --version

Install



python -m pip install package_name

Install multiple

python -m pip install package_a package_b

Exact version

python -m pip install package_name==1.2.3

Minimum version

python -m pip install "package_name>=1.2"

Version range

python -m pip install "package_name>=1.2,<2"

Upgrade

python -m pip install --upgrade package_name

Uninstall

python -m pip uninstall package_name

List packages

python -m pip list

Show package details

python -m pip show package_name

Find outdated packages

python -m pip list --outdated



Generate requirements

python -m pip freeze > requirements.txt

Install requirements

python -m pip install -r requirements.txt

Install local project

python -m pip install .

Editable install

python -m pip install -e .

53. Key Takeaways
pip is a tool for installing and managing Python packages.
Use it inside a virtual environment for project isolation.
python -m pip helps ensure that pip belongs to the Python interpreter you're using.
Packages can be installed, upgraded, inspected, and removed.
Package versions matter because APIs and behavior can change.
Dependencies can depend on other dependencies.
Dependency conflicts can occur when requirements are incompatible.
requirements.txt can describe a project's installable dependency set.
pyproject.toml is an important modern Python project configuration standard.
Not everything you import needs to be installed with pip.
The standard library already provides many modules.
Avoid unnecessary dependencies.
Treat dependency management as part of the architecture and maintenance of a Python project.



The Package Management Mental Model

Before installing a package, think:

Do I actually need it?
        �
Is it already in the standard library?
        �
Which package am I actually installing?
        �
Which version does my project need?
        �
Am I inside the correct .venv?
        �
Install
        �
Record the dependency
        �
Test the project

Visit haas.dev for more resources and guides.

https://dev-roast-app.vercel.app

https://dev-roast-app.vercel.app/
https://dev-roast-app.vercel.app/
https://dev-roast-app.vercel.app/
https://dev-roast-app.vercel.app/

