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Recipe for a
contemporary HPC
cluster environment.



#1. Start with an old &
inflexible distro.



#2. Add a layer of
home-made “modules”.





#2b. Tweak the modules.

#2c. Oh, run-time linker error!
#2d. Tweak build flags for user A.
#2e. New versions are out, rebuild!
#2f. User B unhappy cuz we upgraded.
Ignore?
...
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#2b. Tweak the modules.
#2c. Oh, run-time linker error!
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#3. Spice up with user-built
software!





Fixing HPC cluster
environments.









Approach #2:
Give up on packaging.



https://imagelayers.io/

https://imagelayers.io/


https://www.hpcwire.com/2016/10/20/singularity-containers-easing-scientific-computing

https://www.hpcwire.com/2016/10/20/singularity-containers-easing-scientific-computing






Can we eat it too?





1. transactional package manager
2. software environment manager
3. APIs & tools to customize

environments
4. packaging tools



I started in 2012
I 4,800+ packages, all free software
I 4 architectures:

x86 64, i686, ARMv7, mips64el
I binaries at https://hydra.gnu.org
I 0.12.0 released in December 2016

https://hydra.gnu.org






$ guix package -i gcc-toolchain openmpi hwloc

...

$ eval ‘guix package --search-paths‘

...

$ guix package --manifest=my-software.scm

...



$ guix build hello

/gnu/store/ h2g4sf72... -hwloc-1.11.2

$ guix gc --references /gnu/store/...-hwloc-1.11.2
/gnu/store/...-glibc-2.24
/gnu/store/...-gcc-4.9.3-lib
/gnu/store/...-hwloc-1.11.2

isolated build: chroot, separate name spaces, etc.



$ guix build hello

/gnu/store/ h2g4sf72... -hwloc-1.11.2

$ guix gc --references /gnu/store/...-hwloc-1.11.2
/gnu/store/...-glibc-2.24
/gnu/store/...-gcc-4.9.3-lib
/gnu/store/...-hwloc-1.11.2

hash of all the dependencies
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$ guix build hello

/gnu/store/ h2g4sf72... -hwloc-1.11.2

$ guix gc --references /gnu/store/...-hwloc-1.11.2
/gnu/store/...-glibc-2.24
/gnu/store/...-gcc-4.9.3-lib
/gnu/store/...-hwloc-1.11.2(nearly) bit-identical for everyone



https://hal.inria.fr/hal-01161771/en

https://hal.inria.fr/hal-01161771/en


Creating package variants
at the command line



$ guix build hwloc \

--with-source=./hwloc-42.0rc1.tar.gz

...

$ guix package -i mumps \

--with-input=scotch=pt-scotch

...



$ guix build hwloc \

--with-source=./hwloc-42.0rc1.tar.gz

...

$ guix package -i mumps \

--with-input=scotch=pt-scotch

...



Your personal packages or
variants in
GUIX PACKAGE PATH!



HPC & non-root usage.



build processes
chroot, separate UIDs
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build daemon RPCs



Allowing for non-root usage

0. run build daemon as non-root

I not reproducible
I prevents use of pre-built binaries

1. rely on Linux “user namespaces”

I awesome!
I ... but support is missing on some systems

2. make binaries relocatable
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Relocatable binaries.



Insight 1

The first key insight: Guix store paths provide unique
fingerprints:

/gnu/store/m9vxvhdj691bq1f85lpflvnhcvrdilih-glibc-2.23/lib/libc.so



Linked libraries

ldd ‘which ldc2‘

libconfig.so.9 /gnu/store/1v4an...-libconfig-1.5/lib/libconfig.so.9

librt.so.1 /gnu/store/m9vxv...-glibc-2.23/lib/librt.so.1

libdl.so.2 /gnu/store/m9vxv...-glibc-2.23/lib/libdl.so.2

libpthread.so.0 /gnu/store/m9vxv...-glibc-2.23/lib/libpthread.so.0

libz.so.1 /gnu/store/5992i...-zlib-1.2.8/lib/libz.so.1

libm.so.6 /gnu/store/m9vxv...-glibc-2.23/lib/libm.so.6

libstdc++.so.6 /gnu/store/9nifw...-gcc-4.9.3-lib/lib/libstdc++.so.6

libgcc_s.so.1 /gnu/store/9nifw...-gcc-4.9.3-lib/lib/libgcc_s.so.1

libc.so.6 /gnu/store/m9vxv...-glibc-2.23/lib/libc.so.6

/gnu/store/m9vxv...-glibc-2.23/lib/ld-linux-x86-64.so.2



Relocate

I Guix binaries have unique fingerprints for PATHs
I Replace these with the target prefix
I Only dependency is the kernel



After relocation

ldd ∼/opt/ldc-test/ldc-1.1.0-pk9rkm4zvdp6pglam7s2/bin/ldc2

qlibconfig.so.9 ~/opt/ldc-test/libconfig-1.5-1v4anv1.../lib/libconfig.so.9

librt.so.1 ~/opt/ldc-test/glibc-2.23-m9vxvh.../lib/librt.so.1

libdl.so.2 ~/opt/ldc-test/glibc-2.23-m9vxvh.../lib/libdl.so.2

libpthread.so.0 ~/opt/ldc-test/glibc-2.23-m9vxvh.../lib/libpthread.so.0

libz.so.1 ~/opt/ldc-test/zlib-1.2.8-5992iq1.../lib/libz.so.1

libm.so.6 ~/opt/ldc-test/glibc-2.23-m9vxvh.../lib/libm.so.6

libstdc++.so.6 ~/opt/ldc-test/gcc-4.9.3-lib-9nifwk7.../lib/libstdc++.so.6

libgcc_s.so.1 ~/opt/ldc-test/gcc-4.9.3-lib-9nifwk7.../lib/libgcc_s.so.1

libc.so.6 ~/opt/ldc-test/glibc-2.23-m9vxvh.../lib/libc.so.6

~/opt/ldc-test/glibc-2.23-m9vxvh.../lib/ld-linux-x86-64.so.2



What really happened here?

I All Guix packages are isolated in the store
I Path is a fingerprint, e.g.

/gnu/store/m9vxvhdj691bq1f85lpflvnhcvrdilih-glibc-2.23

I Scan all files and replace fingerprints with relative path
∼/opt/ldc-test/glibc-2.23-m9vxvhdj691bq1f85lpf

I First attempt by using Eelco Dolstra’s Patchelf tool worked
for shared libs by rewriting RPATH in binaries



Other files

I Text files that reference the store can be rewritten (Ruby,
Perl, bash scripts)

I Some formats are not zero-terminated (compiled Python
and JVM files)

I Also in ELF files there are references that are not
zero-terminated

I Solution: keep the file path at exactly the same length and
patch all



Insight 2

The second key insight: if a path gets rewritten with the exact
same size string it will always work (unless there is encryption
or some CRC checking)

/gnu/store/m9vxvhdj691bq1f85lpflvnhcvrdilih-glibc-2.23/lib/libc.so

/home/user/opt/ldc-test/glibc-2.23-m9vxvhdj691bq1f851p/lib/libc.so



Same size patching

1. start from store path, e.g.
/gnu/store/m9vxvhdj691bq1f85lpflvnhcvrdilih-glibc-2.23

2. reverse the contents
/gnu/store/glibc-2.23-m9vxvhdj691bq1f85lpflvnhcvrdilih

3. overwrite with prefix and shorten the HASH value to match
the same size
/home/user/opt/ldc-test/glibc-2.23-m9vxvhdj691bq1f851p

4. and replace in all files



Example

So, store path

/gnu/store/m9vxvhdj691bq1f85lpflvnhcvrdilih-glibc-2.23/bin/ldc2

prefix /home/usr/opt/ldc-test/ becomes

/home/user/opt/ldc-test/glibc-2.23-m9vxvhdj691bq1f851p/bin/ldc2

prefix /usr/local/share/ldc-1.1.0/ becomes

/usr/local/share/ldc-1.1.0/glibc-2.23-m9vxvhdj691bq1f8/bin/ldc2

Note: prefix can be up to ∼ 40 letters long



So far. . .

Successfully compiled and run
I ldc2 1.1.0: the LLVM D compiler
I ruby 2.3.0: with ssl and nokogiri
I sambamba: tool used in many sequencing HPCs around

the world
I more to come, including OpenCL, R, Python and Julia



Cross compile

I Install compilers that can cross compile binaries
I LLVM can output C code
I Provide GNU Guix packages for Intel PHI and NVIDIA

TESLA
I GNU Guix has elegant support for different targets,

including a build farm for ARM, ...



Wrap-up.



Future

Implications carry beyond HPC

I Automated builds with testing for different architectures
I Repository of binary packages
I One-click installs: download and run install.sh

I Ship software easily
I Talking about a holy grail. . .



Summary

I Guix supports reproducible software
environments

I ... allows for experimentation through
customization

I relocation allows unprivileged Guix usage
in HPC
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