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Talk given at ELC 2019 (30 october 2019) 
¥! Abstract: ÒGiven a configuration, can humans know in advance the size, the compilation time, or the 

boot time of a Linux kernel? Owing to the huge complexity of Linux (there are more than 15000 
options with hard constraints and subtle interactions), machines should rather assist contributors 
and integrators in mastering the configuration space of the kernel. In this talk, Mathieu Acher will 
introduce TuxML an OSS tool based on Docker/Python to massively gather data about thousands of 
kernel configurations. Mathieu will describe how 200K+ configurations have been automatically built 
and how machine learning can exploit this information to predict properties of unseen Linux 
configurations, with different use cases (identification of influential/buggy options, finding of small 
kernels, etc.) The vision is that a continuous understanding of the configuration space is 
undoubtedly beneficial for the Linux community, yet several technical challenges remain in terms of 
infrastructure and automation.Ó  

¥! This research was funded by the ANR-17-CE25-0010-01 VaryVary project  
Ð! https://varyvary.github.io/  



Preprints (feedbacks welcome!) 

¥! Learning From Thousands of Build Failures of Linux 
Kernel Configurations  
Ð! Mathieu Acher, Hugo Martin, Juliana Alves Pereira, Arnaud 

Blouin, Djamel Eddine Khelladi, Jean-Marc JŽzŽquel  
Ð! https://hal.inria.fr/hal-02147012 

¥! Learning Very Large Configuration Spaces: What 
Matters for Linux Kernel Sizes 
Ð! Mathieu Acher, Hugo Martin, Juliana Pereira, Arnaud Blouin, 

Jean-Marc JŽzŽquel, Djamel Eddine Khelladi, Luc Lesoil, 
Olivier Barais 

Ð! https://hal.inria.fr/hal-02314830  



Linux everywhere since  
highly configurable 
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How to ensure that all 
configurations  of the Linux 
kernel build/boot? 
Many failures are due to buggy (combinations of) options  
Devs/maintainers are struggling to track/fix bugs  

Linus Torvalds: Òrandom crazy user bugsÓ (random 
configurations are certainly a good subset) 

Testing  Linux kernels (on few configs): 
(e.g., 0-day/ KernelCI ) 



Given a kernel configuration, 
whatÕs its size/boot time? 

Who knows whatÕs the effect of options? 
Default configurations/optionsÕ values 

Documentation (Kconfig)  

Configurators 



Effects of (combinations of) options 
on build status/boot/size/boot time/ 
performance/security? 

General problem:  

Taming the configuration space 
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Linux Kernel 
! 106000 

configurations 
 



Linux Kernel 
! 106000 configurations 

! 1080 is the estimated number of atoms 
in the universe 

! 1040 is the estimated number of 
possible chess positions 
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Linux vs AlphaZero  
 

Building a kernel configuration takes 10 minutes 
on average  on a recent machine 

 

Trial and error is cheap  for Chess/Go, you can 
experience winning/losing billions of time 



AlphaZero  vs Linux 
 

In Chess/Go, you can fully observe the outcome, 
without noise and with a perfect simulator   

 

Think about technically measuring the boot 
time of a kernel out of a configuration 



Is taming the Linux kernel 
configuration space a harder 
problem than resolving Chess? 
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You cannot build ! 106000 configurations. 

TUXML: predicting out of a (small) 
sample  of configurationsÕ kernels 
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You cannot build ! 106000 configurations. 

TUXML: predicting out of a (small) 
sample  of configurationsÕ kernels 
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You cannot build ! 106000 configurations. 

TUXML: predicting out of a (small) 
sample  of configurationsÕ kernels 



You cannot build ! 106000 configurations. 

Is machine learning effective for such  
very large configurable systems? 



Answers in the rest of the talk 

¥! Sampling and Learning with TUXML  
¥! Results over 150K+ configurations 

Ð!build failure understanding and prevention 

Ð!kernel size prediction 

¥! Challenges 
Ð!ÒsmartÓ build infrastructure  
Ð!with devs/contributors in the loop 



TUXML: Sampling, Measuring, Learning 



TUXML: Sampling, Measuring, Learning 
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TUXML: Sampling, Measuring, Learning 
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Data: version 4.13.3 and 4.15 (x86_64) 
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Application 1: ÒSmartÓ build infrastructure 
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Application 1: ÒSmartÓ build infrastructure 
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Application 1: ÒSmartÓ build infrastructure 
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Application 1: ÒSmartÓ build infrastructure 
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Application 1: ÒSmartÓ build infrastructure 
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Application 2: Kernel Size Prediction 
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Unfortunately, nobody knows the precise effect of 
(combinations of) options on size  
Kconfig: (only?) 150 options are explicitly referring to size 
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Application 2: Kernel Size Prediction 



Application 2: Kernel Size Prediction 
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Application 2: Kernel Size Prediction 
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Application 2: Kernel Size Prediction 
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Application 2: Kernel Size Prediction 
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Challenges 

¥! Retrospectively and despite our investment, we 
found relatively few bugs of Linux  
Ð!Is it due to the way we sample? 
Ð!Is it due to the stable version of Linux we chose?  

Ð! Is it due to the high-quality of Linux, its contributors 
and its industry-strength, community-based effort? 



Challenges 

¥! Sampling is based on randconfig 
Ð! randconfig does not produce uniform random samples 
Ð! hypothesis: the testing ÒcommunityÓ has over-fitted 

randconfig 

¥! We need other sampling strategies! 
Ð! Uniform (but SAT-based techniques should be improved) 

Ð! Coverage-based sampling (e.g., t-wise) 
Ð! Knowledge-based sampling 



Challenges 

¥! The cost of gathering data is important (15K+ 
hours of computation)  

¥! Incremental build of configurations 
¥! Bugs do not transfer well  
¥! However, kernel size ÒknowledgeÓ may transfer  

Ð!Instead of starting from scratch, we can transfer a 
prediction model for another version of Linux (ongoing 
work)  



Challenges 

¥! Kernel CI / 0-day 
Ð!Our focus: testing configurations  in the large 

Ð!Complementary! 
Ð!Learning  techniques can be used in both contexts 

Ð!Sharing data 

¥! Unify the force! 



Challenges 

¥! ÒSmartÓ build infrastructure  
Ð!Other properties (e.g., warnings, boot, security) 

¥! With devs/contributors in the loop 
Ð!We need knowledge to validate our learning model 

Ð!We need knowledge to apply ÒsmartÓ sampling 
Ð!We aim to produce actionable knowledge 

¥! TUXML needs you! 



Conclusion (feedbacks welcome!) 

¥! Learning From Thousands of Build Failures of Linux 
Kernel Configurations  
Ð! Mathieu Acher, Hugo Martin, Juliana Alves Pereira, Arnaud 

Blouin, Djamel Eddine Khelladi, Jean-Marc JŽzŽquel  
Ð! https://hal.inria.fr/hal-02147012 

¥! Learning Very Large Configuration Spaces: What 
Matters for Linux Kernel Sizes 
Ð! Mathieu Acher, Hugo Martin, Juliana Pereira, Arnaud Blouin, 

Jean-Marc JŽzŽquel, Djamel Eddine Khelladi, Luc Lesoil, 
Olivier Barais 

Ð! https://hal.inria.fr/hal-02314830  



Some related work 
¥! Julia Lawall and Gilles Muller ÒJMake: Dependable Compilation for Kernel Janitors.Ó 

In 47th Annual IEEE/IFIP International Conference on Dependable Systems and 
Networks, DSN 2017 

¥! Iago Abal, Claus Brabrand, and Andrzej Wasowski Ò42 variability bugs in the linux 
kernel: a qualitative analysisÓ. In ACM/IEEE International Conference on Automated 
Software Engineering, ASEÕ14 

¥! Jean Melo, Elvis Flesborg, Claus Brabrand, and Andrzej Wasowski ÒA Quantitative 
Analysis of VariabilityWarnings in LinuxÓ. In Proceedings of the Tenth International 
Workshop on Variability Modelling of Software-intensive Systems (VaMoSÕ16) 

¥! Sarah Nadi, Thorsten Berger, Christian KŠstner, and Krzysztof Czarnecki ÓWhere Do 
Configuration Constraints Stem From? An Extraction Approach and an Empirical 
StudyÓ IEEE Trans. Software Eng., 2016 

¥! Minghui Zhou, Qingying Chen, Audris Mockus, and Fengguang Wu ÒOn the 
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Application 1: ÒSmartÓ build infrastructure 
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