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Adaptive Multi-tier Intelligent Data Manager for Exascale is a EuroHPC 
project aiming at addressing upcoming I/O challenges in Exascale systems. It 
gathers thirteen European partners to pioneer new ways of doing HPC I/Os. 

This project has received funding from the European Union’s 
Horizon 2020 under Grant Agreement number: 956748-
ADMIRE-H2020-JTI-EuroHPC-2019-1.
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Use of Spack in E4S in ECP
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• Several components in interaction

• Need to deploy and sync multiple 

projects

• How to ship all the sources to the target 

system while holding all the direct 
dependencies ?


• Is there potential configuration knobs 
(configure arguments) to better set it up 
to a given system ?


• How to connect to the machine’s MPI ?

• How to rebuild for another MPI ?

https://www.admire-eurohpc.eu/
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• Several components in interaction

• Need to deploy and sync multiple projects

• How to ship all the sources to the target system 

while holding all the dies dependencies ?

• Is there potential configuration knobs (configure 

arguments) to better set it up to a given system

• How to connect to the machine’s MPI

• How to rebuild for another MPI ?

On all these the Spack Package manager can help !

https://www.admire-eurohpc.eu/
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• It is is a user-level package manager allowing 
to build and customise programs from their 
sources on a target HPC system;


• Spack is designed to be easy to use and 
flexible;


• I t s u p p o r t s m u l t i p l e v e r s i o n s a n d 
configurations of packages, making it well-
suited for scientific computing and HPC 
environments.

Is in

Spack

https://www.admire-eurohpc.eu/
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Some notable features of Spack include:


• Support for over 5,000 software packages

• Support for multiple build systems 

(e.g. make, CMake, SCons)

• Support for multiple compilers and MPI libraries

• Ability to create custom package recipes 
• Ability to create and manage package "environments" 

for different projects or purposes

• Ability to use Spack as a library for integrating with 

other tools and systems.

https://www.admire-eurohpc.eu/
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$ apt install build-essential ca-certificates coreutils curl 
environment-modules gfortran git gpg lsb-release python3 python3-
distutils python3-venv unzip zip


Setup dependencies on a Debian-based system:

https://spack.readthedocs.io/en/latest/getting_started.html#installation

Clone the Spack repository:

$ git clone https://github.com/spack/spack.git


Add Spack to your path by sourcing the environment script (other shells see doc):

$ . spack/share/spack/setup-env.sh

If you were to only add the $SPACKROOT/bin directory to your path

You would be able to manipulate packages but not able to load them.

https://www.admire-eurohpc.eu/
https://spack.readthedocs.io/en/latest/getting_started.html#installation
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To describe packages Spack uses « specs »

A central concept in Spack

https://spack.readthedocs.io/en/latest/concepts.html#specs
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https://spack.readthedocs.io/en/latest/concepts.html#specs
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To describe packages Spack uses « specs »

A central concept in Spack

Speck

hdf5 api=v114 +threadsafe^intel-mpiSpec

≠

https://www.admire-eurohpc.eu/
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$ spack spec hdf5

A spec defines a package, 
it is generally not referring 
t o a s i n g l e e x a c t 
configuration (leaving a 
lot of defaults). It covers 
the package and i ts 
dependencies

https://www.admire-eurohpc.eu/


What is a Spec ?
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Transforming a « spec » into a 
package configuration with 
defined constraints is where 
the true power of spack lies. 
Saving you a lot of complexity in 
your deployment. Moreover, it is 
possible to write sufficiently 
constrained specs to achieve 
reproducible build. This process 
is called concretization.

https://www.admire-eurohpc.eu/
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spack info <package> 


List installable packages  
(with an optional search pattern) 

For example: 

spack info hdf5 


Show versions, parameters and options for HDF5.

https://www.admire-eurohpc.eu/
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spack info <package> 


List installable packages  
(with an optional search pattern) 

For example: 

spack info hdf5 


Show versions, parameters and options for HDF5.

https://www.admire-eurohpc.eu/
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spack info <package> 


List installable packages  
(with an optional search pattern) 

For example: 

spack info hdf5 


Show versions, parameters and options for HDF5.

Versions

Variants

Dependencies

Descriptions

https://www.admire-eurohpc.eu/


Specifying Versions in Spec «@»

￼18

https://www.admire-eurohpc.eu/
@admire_eurohpc

$ spack spec bzip2

$ spack spec bzip2@1.0.6 From « spack info bzip2 »

https://www.admire-eurohpc.eu/
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$ spack spec bzip2

$ spack spec bzip2@1.0.6 From « spack info bzip2 »

https://www.admire-eurohpc.eu/


Spack Versioning Syntax «@»

￼20

https://www.admire-eurohpc.eu/
@admire_eurohpc

Version Specifier Matching Versions

@3.2 single 3.2 version

@1.0:1.2 all versions from 1.0 to 1.2, inclusive

@:3 all versions before 3 (3 included)

@3.2: all versions after 3.2 (3.2 included)


@3.4,1.4,2.2 Specific versions list, 3.4, 1.4, 2.2


https://www.admire-eurohpc.eu/
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$ spack install hdf5

$ spack install hdf5^mpich

$ spack install hdf5^openmpi

$ spack install hdf5^intel-mpi

https://www.admire-eurohpc.eu/


Spec: Notion of Variant « +, -/~, a=b »

￼22

https://www.admire-eurohpc.eu/
@admire_eurohpc

$ spack info openmpi

Default values are shown in the brackets.

Variant types are:

• Enumerations  (can be comma separated lists):

‣ schedulers=slurm


• Booleans  / on, off :

‣ +pmi   enable PMI

‣ -pmi or ~pmi disable PMI


• Compiler flags applies to all pkgs (cflags, cxxflags, fflags, cppflags, ldflags, and ldlibs):

‣ cflags=-g cxxflags=-g


• Since spack 0.19 it is possible to double +, - and = to impact all dependencies


https://www.admire-eurohpc.eu/
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Variants are generally analogous to configure flags passed to the package. 
They may change feature support and dependencies. 

Spack hashes everything, you can install the same package with different variants and end-up 
with multiple times this package.

$ spack install bzip2

$ spack install bzip2 +debug

$ spack install bzip2 +debug cflags=-g

This can lead to up to 3 installations of bzip2.

https://www.admire-eurohpc.eu/
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spack find <package> 


List packages matching the « spec » 

For example: 

spack find bzip2 


Lists the bzip2 package

https://www.admire-eurohpc.eu/
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spack find -lfvp bzip2 


• « -l » show package hash

• « -f » show package flags

• « -v » show package variants

• « -p » show install path


https://www.admire-eurohpc.eu/
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spack find -lfvp bzip2 


• « -l » show package hash

• « -f » show package flags

• « -v » show package variants

• « -p » show install path


We can see the three different install of bzip2 and their params.

https://www.admire-eurohpc.eu/
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$ spack spec bzip2

$ spack spec bzip2^diffutils@3.6

$ spack spec bzip2^diffutils@3.6^libiconv@1.14

https://www.admire-eurohpc.eu/


Recursive Spec Definition « ^ »

￼28

https://www.admire-eurohpc.eu/
@admire_eurohpc

$ spack spec bzip2

$ spack spec bzip2^diffutils@3.6

$ spack spec bzip2^diffutils@3.6^libiconv@1.14

https://www.admire-eurohpc.eu/
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$ spack spec bzip2

$ spack spec bzip2^diffutils@3.6

$ spack spec bzip2^diffutils@3.6^libiconv@1.14

But wait, why switching to clang as compiler ?

https://www.admire-eurohpc.eu/
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$ spack spec bzip2^diffutils@3.6^libiconv@1.14 % gcc

Spack mitigated the issue by moving to clang at concretization time ! 

https://www.admire-eurohpc.eu/
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$ spack spec bzip2^diffutils@3.6%gcc^libiconv@1.14%clang

Ok let's mix both compilers ( but do not do it ;-) )

 Warning: gray areas don’t do it with Fortran/C++ but the C ABI should allow this. Use the same compiler everywhere.

$ spack find -ldvf bzip2

$ spack load /g6uthxm && which bunzip2
Easier to use the hash passed with /XXX than the spec in this case.

-d for dependencies

https://www.admire-eurohpc.eu/
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Spack find will list per compiler and target architecture/os (variant target=XXX)
$ spack find -l openmpi

Protip: get used to the « -l » option to get hashes 
when there are multiple specs for a given package.

https://www.admire-eurohpc.eu/
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spack list [<pattern>] 


List installable packages  
(with an optional search pattern) 

For example: 

spack list mpi 


Find all spack packages matching « mpi »

https://www.admire-eurohpc.eu/
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spack list [<pattern>] 


List installable packages  
(with an optional search pattern) 

For example: 

spack list mpi 


Find all spack packages matching « mpi »

https://www.admire-eurohpc.eu/
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To get new recipes, simply git pull the repository.

https://www.admire-eurohpc.eu/


Installing/Uninstalling a Package
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Installs the specified spec and its dependencies.

Remove the specified spec.

$ spack install <spec> 

spack uninstall <spec> 

Remove the specified spec and packages depending upon it.

spack uninstall --dependents <spec> 

Remove all packages matching the spec

spack uninstall-a <spec>


https://www.admire-eurohpc.eu/
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Installs the specified spec and its dependencies.

Remove the specified spec.

$ spack install <spec> 

spack uninstall <spec> 

Remove the specified spec and packages depending upon it.

spack uninstall --dependents <spec> 

Remove all packages matching the spec

spack uninstall-a <spec>


Quite straightforward 
once you master specs

https://www.admire-eurohpc.eu/
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Now let’s use these packages…

https://www.admire-eurohpc.eu/
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Load a given package spec

$ spack load <spec> 
This requires spack to be sourced in your current 
shell (. $SPACKROOT/share/spack/setup-env.sh)

$ spack load wget 
$ which wget

We will not cover «environments » which are a 
powerful way to manage packages load.

Spack also has a « module » integration that we 
will not cover here.

https://www.admire-eurohpc.eu/
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Spack will alter you shell environment to load the package changing common variables 
(PATH, MANPATH, PKG_CONFIG_PATH)

$ spack load --sh wget 

$ eval $(spack load --sh wget)
You may then load manually by doing:

Note: This does not requires spack to be sourced (only in PATH).

https://www.admire-eurohpc.eu/
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• When mixing multiple versions of packages:

‣ it is very easy to end-up substituting a library with one of the system if 

library search paths are not correctly set. 

‣ This can make your environment over-sensitive to changes. 


• Spack ensures your binaries find the right libraries

‣ It uses compiler wrappers to alter RPATHs

‣ It passes the correct parameters to the build systems


• Overall it makes library resolution much more robust and self-descriptive

https://www.admire-eurohpc.eu/
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$ spack find -p python

$ ldd /home/jbbesnard/repo/spack/(…)/bin/python
Libraries are resolved in the spack realm thanks to rpaths.

$ objdump -x /home/jbbesnard/repo/spack/(…)/python |grep 'R.*PATH'

Less chances for clashes.

https://www.admire-eurohpc.eu/
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A repo is a source for package recipes.

$ spack repo --help

Yo u ca n a d d s e ve ra l 
external repos synced with 
packages outside of the 
main spack repository.


Repository == Recipes

https://www.admire-eurohpc.eu/
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Create a new « repository » in your home

Add it to your spack sources

$ spack repo create $HOME/mypkg

$ spack repo add /home/jbbesnard/mypkg

$ tree /home/jbbesnard/mypkg

More on how to make packages 
recipes in a few slides!

https://www.admire-eurohpc.eu/
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A mirror stores the package sources (tarball)

$ spack mirror --help
Mirror == Tarballs / Sources

https://www.admire-eurohpc.eu/
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$ spack mirror create \

  --dependencies -d $HOME/mymirror hwloc

https://www.admire-eurohpc.eu/


Spack Mirror Howto
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$ spack mirror create -n all \

  --dependencies -d $HOME/mymirror hwloc
You can mirror all versions (or a number of versions) if needed !

...

https://www.admire-eurohpc.eu/


Spack Mirror Howto
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$ spack mirror add local $HOME/mymirror
$ spack mirror list

• Spack will then look in this directory before trying to dowload the sources;

• It is also a way to use spack on systems not connected to the internet;

• In conjunction with Spack environments it is possible to download many 

packages at once before moving them to a given system.

https://www.admire-eurohpc.eu/
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Time to create our own packages !

https://www.admire-eurohpc.eu/
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$ spack edit tig

Global Info

Version Hash

Dependencies

https://www.admire-eurohpc.eu/
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$ spack info tig
It all comes from the recipe

https://www.admire-eurohpc.eu/
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$ spack create URL_TO_TARBALL
We add some simple option to this command (which would work as is):

• -r $HOME/mypkg    to store the new package in our own repository

• --name mytig           As tig is already in spack we do not want to clash

$ spack create -r $HOME/mypkg \

--name mytig\

http://old-releases.ubuntu.com/ubuntu/pool/universe/t/tig/tig_2.5.1.orig.tar.gz

Spack will detect all versions in the same prefix

Just answer how many you want to hash.

https://www.admire-eurohpc.eu/
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Then the recipe opens…

We may say we depend 
on ncurses here as  it is a 
required dep.

Spack hashed the various 
tarballs for us

Spack found it looked like Autotools.

https://www.admire-eurohpc.eu/
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Then the recipe opens…

Spack hashed the various 
tarballs for us

Spack found it looked like Autotools.

We know TIG needs ncurses

https://www.admire-eurohpc.eu/
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$ spack install mytig

It already builds !

https://www.admire-eurohpc.eu/
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$ spack load mytig
$ which tig

$ tig

https://www.admire-eurohpc.eu/
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$ spack info mytig

https://www.admire-eurohpc.eu/
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Looking at Tig’s configure we can see that there are options to build with readline and iconv support let’s add it.

Let’s add variants and configure flags

Define boolean variant flags

Extend dependencies accordingly (see when)

Pass configure arguments

accordingly.

Configure output

Recipe excerpt

https://www.admire-eurohpc.eu/
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depends_on Description
depends_on("hwloc") Depend on the default version of hwloc.
depends_on("hwloc@2.1.0") Depend on hwloc 2.2.1.
depends_on("hwloc@2:") Depend on hwloc higher than 2x
depends_on("hwloc", when="+hwloc") Conditionnal dependency with spec
depends_on("hwloc +cairo") You can use variants !
depends_on("hwloc", patches="my.patch") You can customize the dependency w. patch

There is also a type= argument:

• build: only needed to build the package, can be removed why leaving the package

• link: used at runtime by the package (libraries)

• run: the "bindir" of the prefix must be loaded when the package is loaded (PATH, PYTHONPATH)

• test: this dependency is used when running spack tests 

Default dependency type is a set : ("build", "link")

https://www.admire-eurohpc.eu/
mailto:hwloc@2.1.0
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Variant Syntax Description
 variant('myvar', default=True, description='Myvar desc') A boolean variant 'myvar' (+/-)
variant('mychoice', default='a',  description='Choose in 

mychoice', 

values=('a', 'b', 'c'), multi=False)

Choose a value in (a,b,c)

variant('condvar', default=False,  when='@1.0:', 

description='Only valid after 1.0')

Condvar can only be used after the 
1.0 version.

    if '+myvar' in self.spec:

        extra_args.append('--enable-myvar')

    else:

        extra_args.append('--disable-myvar')

    depends_on('hwloc', when='+var')

if 'mychoice=a' in self.spec:

    options.append('--enable-choice-a')

if self.spec.variants['mychoice'].value == 'a':

   options.append('--enable-choice-a')

Note: there are much more convoluted examples see: https://spack.readthedocs.io/en/latest/packaging_guide.html#variants 

https://www.admire-eurohpc.eu/
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Variant Syntax Description
conflicts('%clang', when='@:1.9',

          msg='Cannot build prior to 1.9 with 

clang')

Prevent building with clang before 
1.9

conflicts('+myvar', when='@:1.9',

          msg='Myvar is not supported before 1.9')

Prevent a variant on a specific 
version

conflicts('mychoice=a', when='@1.3',

          msg='Cannot set mychoice=a in 1.3')

Do not allow mychoice=a in version 
1.3

conflicts('+cuda', when='+nogpu',          

           msg='Cannot set both +cuda and +nogpu')

Define incompatible variants
conflicts('+nogpu') Can be used programmatively in "if"

https://www.admire-eurohpc.eu/
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$ spack info mytig

Protip: a good way to find 
how to do packages is to 
look at how other did ! 
Just do spack edit a similar 
package, for example a 
Python one if you are in 
Python and see.
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$ spack graph mytig $ spack graph mytig \

  -readline -iconv
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$ tree $HOME/mypkg

As directed by the -r $HOME/mypkg argument at spack create, the package is located in our own repository.

 Spack built-in repository is at: $SPACK_ROOT/var/spack/repos/builtin

This repository can then be shared as a git 
repository to serve as a base for software exchange. 
Including prior to a later addition in Spack.
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https://spack.readthedocs.io/en/latest/packaging_guide.html
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We have seen;


• Context of Spack and its use in ECP + E4S, Pr. Shende

• Then we learned how to install Spack

• After we looked at specs and made some experiments

• We made a simple recipe and learned the base syntax 

arround spack's scaffolding capabilities

We made just a small introduction to Spack and did not cover specific 
cases, feel free to connect to us in point to point to ask us questions on 
your particular case. jbbesnard@paratools.fr
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