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The Software Team

• Few shared groups between software 
and performance 

• Few additional “software-only” groups 
• Mostly “one-man-band” than actual 

groups… 

• basf2 librarians are also considered part 
of the software group 

• 37 packages: each package has 
between 1-3 librarians
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The Software Packages

Main Focus 
• basf2 
• externals 
• tools 
• b2luigi 
• buildbot 
• SysVar 
• FastBDT 
• …
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basf2 Overview

The largest software project in the collaboration 
• Development started more than 10 years ago 
• 37 packages: 

• Core: framework, site_scons 
• Subdetector: arich, cdc, ecl, klm, pxd, svd, top, vxd 
• Data Taking: daq, hlt, rawdata, trg 
• Data Quality: alignment, calibration, dqm, validation 
• Data Storage: mdst, skim 
• MC: decfiles, generators, geometry, simulation, structure 
• Background: background, beast, ir 
• Offline Analysis: analysis, b2bii, mva 
• Documentation: display, masterclass, online_book 
• Reconstruction: genfit2, reconstruction, tracking

Code 
Documentation

https://gitlab.desy.de/belle2/software/basf2
https://software.belle2.org
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basf2 in Numbers

• ~58k commits up to July 2021 
• ~20k commits since July 2021 
• Many lines of code… 

• ~54% of code written in C++ 
• ~27% in Fortran 
• ~16% in Python 
• rest in C, RST, etc. 

• Largely unit-tested 
• 1011 “Google” tests 
• 79 framework tests 
• 305 non-framework tests
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basf2 Releases

Light Release 
• It contains only a subset of the packages 
• One tag every ~2 months 

Full Release 
• It contains all the packages 
• One major tag per year 

Upgrade Release 
• Tag of the upgrade branch 
• Used for developing and testing new features/

geometries for the Belle II upgrade
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tools

Set of basic tools for setting up basf2 
• Analysis 
• Development 

Some Tools 
• b2setup 
• b2install-prepare 
• b2execute 
• b2venv 
• …

Code 
Documentation

https://gitlab.desy.de/belle2/software/tools
https://software.belle2.org
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externals

The code to download and compile the “external” 
packages on which basf2 depends 
• We currently have 78 packages we compile ourselves: 

• compilers (gcc, clang) 
• common HEP software (ROOT, Geant4, CLHEP, …) 
• generators (EvtGen, PYTHIA, PHOTOS, MadGraph, 

WHIZARD, Herwig, etc.) 
• many other libraries (curl, zlib, cmake, Git, Eigen, 

Boost, XRootD, etc.) 
• Python 

• We also include 268 Python packages 
• Many packages are included by “popular demand” 

from users

Code

https://gitlab.desy.de/belle2/software/externals
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buildbot 

buildbot is an open-source software for 
building CI/CD pipelines 
• build of basf2 releases 
• deployment on cvmfs of basf2 releases, 

externals builds and updated tools 
• update of globaltags cache on CVMFS 
• build and deployment of many 

documentations 
• trigger of docker images build and their 

deployment on CVMFS 

• 4 main workers + KEKCC + LMU

Code

https://gitlab.desy.de/belle2/admin/buildbot
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b2luigi 

• Helper package constructed around the popular workflow manager luigi 
• Main purpose is to ease building the task trees in everyday scenarios 

• Since November 2023, maintenance has been in the hands of Belle II

Workflow I/O

Workflow Steering

Distribute Workflow

User Interface

my_project=foo/ 
∟parameter=1/ 

∟other_parameter=a/ 
∟other_parameter=b/ 

∟parameter=2/ 
∟other_parameter=a/ 
∟other_parameter=b/ 

∟parameter=3/

Code 
Documentation

https://gitlab.desy.de/belle2/software/b2luigi
https://b2luigi.belle2.org
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SysVar

Python package that 
streamlines the treatment 
of systematic uncertainties 
• Corrections from the 

performance groups will be 
provided in a format that 
SysVar can handle 

• SysVar will be the 
recommended tool for 
applying the necessary 
offline corrections!

Code 
Documentation

Talk

https://gitlab.desy.de/belle2/software/sysvar
https://sysvar.belle2.org
https://indico.belle2.org/event/17236/contributions/108181/attachments/39051/58010/2026.02.02_sysvar_software_53rd_b2gm.pdf
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FastBDT

Stochastic gradient-boosted decision trees for multivariate 
classification, usable standalone and via Python interface 
• Last summer, Belle II forked the original FastBDT repository from 

Thomas Keck and started maintaining its own version 
• No new features or functional modifications are currently planned

Code

https://github.com/belle2/FastBDT
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Does this sound familiar?

There is a new 
parameter in the MC files. 

Can you propagate it 
through your workflow?
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one method!
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Testing is Common Practice 

Testing code is as common as writing the code itself
• Before ~2000, companies had dedicated teams (much 

like Q&A) to make sure things worked manually

Automation in Industry
• Test-Driven Development
• Continuous Integration and Continuous Testing
• Artificial Intelligence in Testing
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Testing is Common Practice 

Testing code is as common as writing the code itself
• Before ~2000, companies had dedicated teams (much 

like Q&A) to make sure things worked manually

Automation in Industry
• Test-Driven Development
• Continuous Integration and Continuous Testing
• Artificial Intelligence in Testing

Belle II
• Over time, almost every core software package is at 

least functionally tested 



20

Benefits of Testing Code



20

Benefits of Testing Code

Time is Money!
• Complex code that grows over time
• Several weeks or months between connected 

projects
• Think of tests as an investment: 

• Each minute spent writing tests can save hours 
of frustration



20

Benefits of Testing Code

Time is Money!
• Complex code that grows over time
• Several weeks or months between connected 

projects
• Think of tests as an investment: 

• Each minute spent writing tests can save hours 
of frustration

Collaboration
• Several people are working on the same project
• Multiple branches add to the main  

• There is a high chance of adding a commit that 
breaks everything



20

Benefits of Testing Code

Time is Money!
• Complex code that grows over time
• Several weeks or months between connected 

projects
• Think of tests as an investment: 

• Each minute spent writing tests can save hours 
of frustration

Collaboration
• Several people are working on the same project
• Multiple branches add to the main  

• There is a high chance of adding a commit that 
breaks everything

Experience
• Learning to write tests is a valuable skill



20

Benefits of Testing Code

Time is Money!
• Complex code that grows over time
• Several weeks or months between connected 

projects
• Think of tests as an investment: 

• Each minute spent writing tests can save hours 
of frustration

Collaboration
• Several people are working on the same project
• Multiple branches add to the main  

• There is a high chance of adding a commit that 
breaks everything

Experience
• Learning to write tests is a valuable skill



21

What is a “Test”?



21

What is a “Test”?

“Software testing is the act of checking whether software meets its intended 
objectives and satisfies expectations.”



21

What is a “Test”?

“Software testing is the act of checking whether software meets its intended 
objectives and satisfies expectations.”

“Does the software do what it is supposed to do and what it needs to do?”



21

What is a “Test”?

“Software testing is the act of checking whether software meets its intended 
objectives and satisfies expectations.”

“Does the software do what it is supposed to do and what it needs to do?”

Tests happen…



21

What is a “Test”?

“Software testing is the act of checking whether software meets its intended 
objectives and satisfies expectations.”

“Does the software do what it is supposed to do and what it needs to do?”

Tests happen…
• … automatic!



21

What is a “Test”?

“Software testing is the act of checking whether software meets its intended 
objectives and satisfies expectations.”

“Does the software do what it is supposed to do and what it needs to do?”

Tests happen…
• … automatic!
• … on different levels!

• Unit, Integration, System



21

What is a “Test”?

“Software testing is the act of checking whether software meets its intended 
objectives and satisfies expectations.”

“Does the software do what it is supposed to do and what it needs to do?”

Tests happen…
• … automatic!
• … on different levels!

• Unit, Integration, System
• … in different formats!

• Static, dynamic, passive,…
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Integration Test
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System Test
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Test Formats

Static Testing is like proofreading 
But there are also tools to check structure, syntax

Dynamic Testing executes the code

Passive Testing observes the operation
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Tests in basf2 - Unittest

In C++, a popular framework is the so-called Google Test framework

Code

https://gitlab.desy.de/belle2/software/basf2/-/blob/main/tracking/gnnFinder/tests/test_Utils.cc?ref_type=heads
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Tests in basf2 - Integration
Code

https://gitlab.desy.de/belle2/software/basf2/-/blob/main/tracking/tests/tracking_with_varies_svdStandalone_tracking.py?ref_type=heads
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Tests in basf2 - Integration
Code

https://gitlab.desy.de/belle2/software/basf2/-/blob/main/tracking/tests/tracking_with_varies_svdStandalone_tracking.py?ref_type=heads
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Tests in basf2 - Passive Testing
Code

https://gitlab.desy.de/belle2/software/basf2/-/blob/main/analysis/tests/event_kinematics_variables.py?ref_type=heads
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Tests in basf2 - Passive Testing
Code

https://gitlab.desy.de/belle2/software/basf2/-/blob/main/analysis/tests/event_kinematics_variables.py?ref_type=heads
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Tests in basf2 - Summary
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A Few Remarks

Functional Programming
• Object-orientated and  functional programming 
• Test small and independent units 
• Tests: independent, isolated, and repeatable

Modern Tools
• Ready-to-use libraries for testing 
• AI tools to write tests 
• Coverage tools 
• Integrate testing in an automated workflow  

(e.g. GitLab CI/CD)

“Good” Tests
• Test depicts the desired functionality 
• A bad test can be more harmful than no test

Start Early
• Write tests early and continuously 

throughout development 
• Let it become an unconscious habit 

while you’re writing code

Bottom Up and Top Down
• Two approaches: 

• Write a unit and test for its 
functionality 

• Write a test first with your desired 
behaviour and then the function that 
passes the test 
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CI/CD

Continuous Integration (CI)
• Frequently merge code into a shared branch
• Each change is automatically built and tested

Continuous Delivery (CD)
• Software is built, tested, and prepared for release continuously
• Changes are delivered in small, frequent increments
• The system is always ready to be released
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CI/CD

Continuous Integration (CI)
• Frequently merge code into a shared branch
• Each change is automatically built and tested

Continuous Delivery (CD)
• Software is built, tested, and prepared for release continuously
• Changes are delivered in small, frequent increments
• The system is always ready to be released

Automate everything that ensures software quality

Code Build Test Documentation Integrate
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Pipelines

Framework to automatically start the CI(/CD) process 

Pipeline is split into 
• Stages - Collection of jobs 
• Jobs - Single task 
Example: Test stage 
• Prepare the environment 
• Execute the tests 
• Upload the test results

Code Build Test Documentation Integrate
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Automation
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Automation
We will focus on GitLab 

But the ideas stay the same
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Hello World!

Defines the order of execution 
Pipelines run stage by stage 

Arbitrary names you choose 
Each job = one task 

Assigns a job to a stage 
Controls when it runs 

The actual commands executed 
Runs in a shell on the runner 
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Some More Features

Defines the container 
used to run the jobs 

Runs setup commands 
before each job 

Stores files from one job so 
later jobs can use them 
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Even More Features

Define reusable values 
Avoid hardcoding paths 

Controlls order of the jobs 

Control when jobs run 
More: workflows
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One Real Example
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Why Documentation?

If it is not documented, it does not exist

What is documented?
• Code
• Examples
• Structures
• Educational Kits

What should be documented?
• What it does
• How to use it
• How it works
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Sphinx

A tool that turns text + code into 
structured documentation websites 

How does Sphinx work? 
• Inline or separate files in 
reStructuredText or Markdown are 
collected and compiled into an output 

Why Sphinx? 
• Easy to learn (once setup is understood) 
• Automatic API documentation 
• Cross-referencing is easy 
• Many different extensions
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basf2 - API Documentation
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basf2 - API Documentation
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Doxygen
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b2luigi - API documentation
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basf2 - Online Book
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basf2 - Packages
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Bonus: b2luigi - Starter Kit
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