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Goals for this session

• Introduce what we mean by Collaborative Software Development

• Selected GitHub topics 

• Set up GitHub for the week’s lessons
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Collaborative Software

• Essentially every software project with more than one active developer is 
a collaborative software project. 
• I suspect many of you have contributed to such a project

• The complexity, and therefore the need to effectively use tools for 
collaboration, increases with the number of developers and geographical 
distance (eg, timezones…)
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Organizational roles and stereotypes

Owners

Developers

Users
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Where is the 
documentation?

Your software is really hard 
to use/install…

This feature is missing, can 
you accept my hack?

Project stability is essential

Why did you come at the 
last minute with a new 

feature?

Rules Rules Rules
No time for documentation

This other developer broke 
my code!

Can you release my cool new 
feature without tests today?



Production application software in HEP is extremely complex 
and collaborative
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Example: https://github.com/cms-sw/cmssw  

https://github.com/cms-sw/cmssw
https://github.com/cms-sw/cmssw
https://github.com/cms-sw/cmssw


Version Control systems are essential for collaborative and 
reproducible science

• Version control is a way to track changes to files over time

• Method 0: Your local filesystem..
• algo.cc

• algo_v2.cc

• algo_final.cc

• algo_really_final.cc
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Version Control systems are essential for collaborative and 
reproducible science

• Version control is a way to track changes to files over time

• Method 1: Centralized version control systems

• “CVS” was developed in the 1980s and was used at CERN into the 2010s
• Your files and their history live on a central server

• What could go wrong?...

• CVS enabled multiple developers to work on the same file at the same time. If there was a 
conflict when you commit, CVS would flag it so you could fix it
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Commits to a common repository

• Every developer pushes into the same repository

• The current state of the project is the HEAD

• In this system, either developers do not use the repository to save their 
work, or the HEAD is almost always broken 
• Even in small teams, collaborating becomes difficult

• To get around this, the typical HEP solution was to divide software into 
many repositories and to build a custom infrastructure to manage which 
state of each of those repositories worked with the others
• One side benefit: This forced us to think about how best to layout code 

repositories to best facilitate development and use of code
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Version Control systems are essential for collaborative and 
reproducible science

• Version control is a way to track changes to files over time

• Method 2: Distributed version control systems

• Every developer has their own copy of the entire repository, including its history. 
This means you can work offline and sync later

• By now, Git is the primary (only?) version control system that you will encounter
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Why Git?

• Efficient branching and merging
• Far less by-hand work in a many developer environment

• Complete local history 
• Speed

• Offline work

• Staging
• Allows developers save their work when they want while also contributing code

as logical units of development

• Traceability
• Easy to identify who/when made changes

• Git is open source 
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Git repositories

• A dedicated project space that contains all the project files, 

• Tracks the revision history for each file. 

• Within a repository, git creates a hidden .git directory to store all the 
information necessary for version control [this can be big!]

•              will create a Git repository
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git init



Git Commits

• A commit is a snapshot of your work that you save to your Git repository 
and should represent a coherent chunk of development
• Each commit has a unique ID (a SHA hash) so you can find what changes were made, 

when they were made, and who made them. 

• When you make a commit using git commit, you add a set of changes to the history 
of your repository.

• You also have a staging area to ease the process of making a commit. Staged 
changes are lined up and ready to be committed to the project history. 
• This provides you with full control over which files and specific changes are included 

in a commit.
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git commit –m ‘A useful commit message’

git add <file-ready.cc> <file2-ready.h> …



Seeing your history: git log

• After making a commit, you can inspect using

• There are lots of options to git log that allow you to make concise 
summaries of whats happening in your repository 
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git log



Git Branches enable work on separate developments within the 
same repository 

• Branches are “cheap”, forks are “expensive”

• Create a new branch when you want to work on a new feature, make some 
experimental changes, or fix a bug, without affecting other branches. 
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me/main

me/todays_new_dev

Every node is a commit. 
Every commit points to its parent

git switch -c todays_new_devgit checkout -b todays_new_devgit branch todays_new_dev; git switch todays_new_dev



Merging changes back together

• Once your changes are tested and ready, you may want to merge them 
back into the main branch of your repository to see how they work 
together with other developments that you might have made
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me/main

me/todays_new_dev git switch main
git merge todays_new_dev



Git Remote Repositories connect our own work in order to 
contribute to the overall project

• A remote repository is a version of your project that is hosted on a network 
somewhere. 

• You can have multiple remote repositories, allowing you to work with different 
groups of people in different ways simultaneously within the same project. 

• Share with others by ‘pushing’ (git push) your commits to a remote repository, 
and by 'pulling' (git pull) changes from a remote repository to stay in sync with 
other developments.
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git push <remote name> <branch>

Commonly “origin”



This course uses GitHub

• You all should have a GitHub account already…
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A typical workflow (still a single developer focused workflow)

# make a local copy of a remote repository that I own

git clone git@github.com/davidlange6/codas-hep

cd codas-hep

# Get updated from the remote

git pull

git checkout –b new_dev

# Develop

……
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# Ready to commit changes + push them to the remote

git status 

git add <files that I changed>

git commit –m ‘Description of my new developments’

# check working area for changes I forgot + commit log

git status

git log

#all done, push to the remote

git push origin new_dev

mailto:git@github.com/davidlange6/codas-hep
mailto:git@github.com/davidlange6/codas-hep
mailto:git@github.com/davidlange6/codas-hep


Moving towards collaborative development: Repository Forks

• Instead of committing directly to a shared repository, developers create and 
maintain their own “fork” of a project’s repository.
• Typically only project owners/maintainers have direct write permission on a repository

• Lets try it - Everyone should make a fork of this repository

https://github.com/codas-hep-2025/codas-hep

• Click “Fork” – This creates a copy of the entire repository (its history, branches etc) 

and gives your account the ownership of the copied repository 
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What did we just do?

• You have  a snapshot of my repository, including all of its branches and all 
of its history. You “branched off” and our repositories can now evolve 
independently
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codas-hep-2025/codas-hep

you/codas-hep



Now another way of working to consider 
(good for contributing a specific development to an active repo) 
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# make a local copy of the project’s repository

git clone git@github.com/codas-hep-2025/codas-hep

cd codas-hep

git remote add me git@github.com/davidlange6/codas-hep 

# Get updated from the remote

git checkout –b new_dev

# Develop

……

# Ready to commit changes + push them to the remote

git status 

git add <files that I changed>

git commit –m ‘Description of my new developments’

# check working area for changes I forgot + commit log

git status

git log

#all done, push to the remote

git push me new_dev

mailto:git@github.com/codas-hep-2025/codas-hep
mailto:git@github.com/codas-hep-2025/codas-hep
mailto:git@github.com/codas-hep-2025/codas-hep
mailto:git@github.com/codas-hep-2025/codas-hep
mailto:git@github.com/codas-hep-2025/codas-hep
mailto:git@github.com/codas-hep-2025/codas-hep
mailto:git@github.com/codas-hep-2025/codas-hep
mailto:git@github.com/davidlange6/codas-hep
mailto:git@github.com/davidlange6/codas-hep
mailto:git@github.com/davidlange6/codas-hep


GitHub “Issues”

• Issues track feature requests, bug reports, etc 
• They consist of a title and a description with enough detail for the repository 

maintainers to understand the request or report

• Anyone can add comments to an issue as information is gathered, and work gets done

• Everyone please make an issue in my repository to ask that I track your work 
as an attendee of codas-hep 2025 (this will make more sense later…)

22



There are lots of ways you can develop code and interact 
with github

• Directly on https://github.com   

• Using the GitHub CLI

• https://github.dev  
• Navigate to your favorite GitHub repository (or file) and change “.com” to “.dev”

• Essentially a browser-based vscode environment for GitHub repositories

• Using the command line (git ….)

• Using your favorite code development toolkit

In practice you may need a mix of these for different tasks. There is no one 
“correct” way of working
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https://github.com/
https://cli.github.com/
https://github.dev/
https://github.dev/


Pull requests

• When you create (and push) a new commit to a fork, GitHub will offer you 
button for creating a pull request to the parent repository

• You can always create a pull request from previously made commits. 
You will need to know the repository and branch with your changes to use 
for the pull request as well as the repository and branch that you would 
like to modify

• Best practices
• Always check the diffs that your pull request will create
• Always include a complete description of your requested changes
• Closing an issue? Use “Closes #<issue number>” to close the original issue when 

your pull request is merged
• Want to tell someone about your pull request? Use “@<github name>” to do that
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Lets try it

• Create a new branch and commit a file called

<your-github-username>/git_playground/test1

• Make a pull request to our repository with this file
• Make sure that your pull request closes the issue that you created

• Tag me and your neighbor in your pull request

• Review the changes of anyone that tagged you in their pull request 
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git config --global user.name "John Doe"
git config --global user.email johndoe@example.com

# Optional - Choose your favorite editor, e.g., nano or vim
git config --global core.editor nano

# Optional -  Requires git 2.28
git config --global init.defaultBranch main

First time using git on your 
computer, you may need to 
configure it for your account



Conflicts
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Animal 
= Cat

Animal 
= Dog

Animal 
= None



Lets practice resolving conflicts with Git(Hub)

Please follow these instructions precisely!
1. Go to your fork
2. Verify that you are on the main branch (yellow)
3. Change something in your directory and commit to the branch 

called “merge-conflict”
4. Open a pull request to your own main branch. Do not merge the PR yet!
5. Change to your main branch again
6. Change the same (!) line to something different and commit (to main)
7. Check back on your PR, it should warn you about a conflict
8. Resolve the conflict by determining how both changes should be reconciled
9. Commit the merge
  
Bonus task: Verify that if you change different lines with unchanged lines between 
them, git will do the merge automatically
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https://github.com/klieret/collaborative-programming-github/blob/main/merge_conflict.drawio.svg


Things we didn’t cover today

• `git show`: See details about a commit

• `git diff`: Show differences between commits or locally

• `git stash`: Temporarily put changes aside

• `git reset`: Managing local changes and your staging area

• .gitignore files: Avoid tracking irrelevant files

• `git revert`: Undo changes

• Merging vs squashing vs rebasing: Different ways to bring together different 
branches

• Github actions: Automatically run unit tests and other automated tasks every 
time you commit (or perform other actions)
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https://github.com/features/actions


There are numerous resources for learning more

• https://about.gitlab.com/images/press/git-cheat-sheet.pdf

• https://rogerdudler.github.io/git-guide/ 

• https://dev.to/pradumnasaraf/want-to-learn-about-git-and-github-in-a-more-
fun-way-4o5f 

• https://git-scm.com/downloads/guis 

• https://github.com/dictcp/awesome-git 

• Getting help at the command line: git <command> --help
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That’s everything..

• Now that your repository is created, lets use it for the rest of the week.
• To save code you are working on

• To share code with your colleagues

• To share code with an instructor

• I suggest to organize by lecture, Eg:

<your-github-username>/<lecture>/<files>

• As long as you put everything under your github username, then you can 
organize the rest as you wish without worrying about creating conflicts 
with others
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