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A little bit about myself:

o Grew up in Kos, a small island in Greece

o Entering final year of Integrated Master’s in 

Electrical and Computer Engineering at 

the National Technical University of 

Athens

o Always dreamed of working at CERN (as a 

nuclear physicist), but life happens, and now 

I’m very grateful to be working in CVMFS!
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Kos



o Global, read-only filesystem for software distribution

• With a user experience similar to an on-demand streaming service (... but for scientific software)

o Primarily built in:

What is the CernVM FileSystem (CVMFS)?
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~$ ls /cvmfs

~$ cat /cvmfs/atlas.cern.ch/test1 

test

~$ ls /cvmfs

atlas.cern.ch on demand!



How CVMFS Configuration Happens
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~# echo "CVMFS_HTTP_PROXY=http://ca-proxy.cern.ch:3128" >> /etc/cvmfs/default.local

~#  echo "CVMFS_QUOTA_LIMIT=8000"  >> /etc/cvmfs/default.local

~#  cat /etc/cvmfs/default.local

CVMFS_HTTP_PROXY=http://ca-proxy.cern.ch:3128      plain text file
CVMFS_QUOTA_LIMIT=8000

9 config files
Each overriding the last 

250+ parameters 
across client + server side



CVMFS handles configuration errors like this:

Configured… Time for Validation!
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CVMFS_HTTP_PROXY=DIRECT

 CVMFS_TIMEOUT=5

 CVMFS_QUOTA_LIMIT=20GB

should be a plain integer!

// mountpoint.cc

if (settings.is_alien && 

settings.is_shared) {

  boot_error_ = "shared local disk 

cache and alien cache mutually 

exclusive";

  return false; 

}

# cvmfs_config chksetup

if [ ${CVMFS_NFILES:-0} -lt 8192 ]; 

then

  echo "Warning: maximum number of 

open files is low ($CVMFS_NFILES)"

  num_warnings=$(($num_warnings+1))

fi



Bottlenecks & What We Want
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Checks are scattered, no single source of truth

Imperative logic: High boilerplate code overhead

Validation gets tangled with the rest of the functional code

We want a single file that tells us what a valid 

configuration looks like!



 JSON Schema              Dhall                  CUE

Default values

Regular Expressions

Cross Parameter Constraints

Declarative

Evaluated Options
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CUE in action!
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#AbsPath: =~"^/(?:[^/]+/)*[^/]*$"

CVMFS_ALIEN_CACHE: #AbsPath | *"" @description("If set, use an alien cache at the 

given location.")

if CVMFS_ALIEN_CACHE != ”” {

_rule_alien_cache_conflicts_with_shared_cache: true & (CVMFS_SHARED_CACHE == false)

_rule_alien_cache_requires_unmanaged_quota: true & (CVMFS_QUOTA_LIMIT <= 0)

}

Type Safety:

Cross-Parameter Dependencies: 



What CUE offers
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Strong Type Checking for the Configuration Parameters

Maintainability for future developers, every rule is in one place

Large array of tools (attributes, defaults, etc.)



Under the hood of the Validation Pipeline
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CVMFS_HTTP_PROXY=DIRECT

CVMFS_QUOTA_LIMIT=20GB

…

{

CVMFS_HTTP_PROXY=“DIRECT”,

CVMFS_QUOTA_LIMIT=“20GB”,

…

}

cvmfs_config showconfig –j -s

Convert into JSON



Under the hood of cvmfs_config validate …
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CVMFS_HTTP_PROXY=DIRECT

CVMFS_QUOTA_LIMIT=20GB

…

{

CVMFS_HTTP_PROXY=“DIRECT”,

CVMFS_QUOTA_LIMIT=“20GB”,

…

}

cvmfs_config showconfig –j -s

   binary 

Convert into JSON

Feed the JSON in 

the GO validator 

for processing



Under the hood of cvmfs_config validate …
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CVMFS_HTTP_PROXY=DIRECT

CVMFS_QUOTA_LIMIT=20GB

…

{

CVMFS_HTTP_PROXY=“DIRECT”,

CVMFS_QUOTA_LIMIT=“20GB”,

…

}

cvmfs_config showconfig –j -s

   binary 

Convert into JSON

Convert strings 

into dedicated 

CUE types

Feed the JSON in 

the GO validator 

for processing



Under the hood of cvmfs_config validate …
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CVMFS_HTTP_PROXY=DIRECT

CVMFS_QUOTA_LIMIT=20GB

…

{

CVMFS_HTTP_PROXY=“DIRECT”,

CVMFS_QUOTA_LIMIT=“20GB”,

…

}

cvmfs_config showconfig –j -s

   binary 

Convert into JSON

Validate! Convert strings 

into dedicated 

CUE types

Feed the JSON in 

the GO validator 

for processing

+ error message 



Integrating CUE into CVMFS
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CUE's evaluator is a Go library

Go is already a CVMFS build dependency

Why GO?
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How does it perform?

Main overhead is bringing the compiled schema into memory. Configuration time is practically irrelevant.
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Extra contributions for CVMFS
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~/cvmfs$ cvmfs_config showconfig --json atlas.cern.ch

{

  "CVMFS_REPOSITORY_NAME": "atlas.cern.ch",

  "CVMFS_ARCH": "x86_64",

  …

  "CVMFS_WORKSPACE": ””

}



Extra contributions for CVMFS
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~/cvmfs$ cvmfs_config explain CVMFS_HTTP_PROXY

NAME

 CVMFS_HTTP_PROXY – client configuration parameter, required

DESCRIPTION

 Chain of HTTP proxy groups used by CernVM-FS. Necessary. Set 

to DIRECT if you don't use proxies.



Extra contributions for CVMFS
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~# cvmfs_config generate

Wrote /etc/cvmfs/default.local

~# cat /etc/cvmfs/default.local

CVMFS_REPOSITORIES=cvmfs-config.cern.ch

# cvmfs_config generate

CVMFS_QUOTA_LIMIT=709381

CVMFS_NFILES=131072

CVMFS_MEMCACHE_SIZE=128

CVMFS_HTTP_PROXY=DIRECT

CVMFS_TIMEOUT=5

CVMFS_TIMEOUT_DIRECT=10

CVMFS_LOW_SPEED_LIMIT=2538

# end cvmfs_config generate

Added by the generate 

subcommand, each 

node gets custom values 

according to its own 

specs



Next steps
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Integrate the “validate” command to run on every mount (In Discussion)

Extend auto-tuning beyond the seven parameters it derives today



Over this summer I…

Made some amazing and very ambitious

friends! Even though we live in very

different countries, we will definitely try to 

keep contact, and possibly visit one 

another!
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Over this summer I…

Attended some of the most interesting

lectures, including one from prof. Bjarne 

Stroustrup (I’m still glad I managed to get a 

picture with him)!
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Over this summer I…

Travelled & hiked everywhere! (Even to 

Barcelona for the World Cup Final)
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Over this summer I…

Was part of a great group, where I felt

genuinely welcomed and supported by my

supervisors - George and Valentin - whom I 

sincerely thank very much. I got invested in 

my project, and would like to continue 

contributing.
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Thank you for your attention!
Questions? 
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Backup Slides
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CVMFS from the user’s perspective
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~$ ls /cvmfs

~$ ls /cvmfs/software.eessi.io # mounted automatically by autofs

repo

~$ ls /cvmfs/software.eessi.io

host_injections init README.eessi versions

~$ cat /cvmfs/software.eessi.io/README.eessi # just-in-time download

EESSI - the European Environment for Scientific Software Installations

Getting started

---------------



Unification
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Memory Footprint

o Bash is smaller because its greps never

coexist one exits before the next starts.

o The 21.8 MB is the Go runtime plus the 

compiled schema, held for about 19 ms.
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