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The Spack community continues to grow! 5,900+ software packages
900+ contributors _

Package contribution rate
Increased in 2020

Contributions (lines of code) over time in packages, by organization
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Spack core development is sustained by a number of

key DOE programs and partners
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Spack is a critical part of ECP
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EXASCALE COMPUTING PROJECT ]
= Spack is used to integrate the software ecosystem
for the three upcoming U.S. exascale systems :

= ECP has built the Extreme Scale Scientific Software &

Stack (E4S) with Spack — more at https://eds.io
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Dependents by Producer
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Spack is the most depended-upon project in ECP
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https://e4s.io/

We have worked with HPE to improve Spack support in the
Cray Programming Environment

= Using Cray Programming Environment’s MPI, libsci,

etc. currently requires a fair amount of configuration
— Users have to register externals and go through modules
— PrgEnvs make it hard to be precise about dependencies

= PE team has worked with us to develop a JSON
format to describe PE contents

= PE team has also been responsive with other

requests:
— Standalone compiler executables (no modules)
— Standalone MPI wrappers (like normal MPICH)

= Things are getting better!
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Spack’s widespread adoption has made it a de facto standard,
drawing contribution and collaboration from many vendors

AWS invests in cloud credits for Spack build farm
— Joint Spack tutorial in July with AWS had 125+ participants

— Joint AWS/AHUG Spack Hackathon drew 60+ participants dWs AM D a

AMD has contributed ROCm packages and compiler support
— 55+ PRs mostly from AMD, also others

— ROCm, HIP, aocc packages are all in Spack now i n tel ° ’
Intel contributing OneApi support and licenses for our build farm «2 ( o
NVIDIA contributing NVHPC compiler support and other features NVIDIA.

Fujitsu and RIKEN have contributed a huge number of packages for q r m

ARM/a64fx support on Fugaku L‘
iINaro
= ARM and Linaro members contributing ARM support ; O
— 400+ pull requests for ARM support from various companies h FU]ITSU
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Spack GitHub remains a very busy place

September 20, 2021 - October 20, 2021 Period: 1 month ~

Overview

| ] N D
732 Active Pull Requests 143 Active Issues

i 634 1198 ©®79 © 64

Open Pull Requests Closed Issues New Issues

Merged Pull Requests

HEP folks are frequently

A/’/ among our top contributors!

l...l-------
B A2ERMANEESE LR

1,273 files have changed and there have been 22,569

100
Excluding merges, 179 authors have pushed 641 commits
to develop and 696 commits to all branches. On develop, . I
additions and 5,572 deletions. . I

. . (\'QI
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What are the priorities going forward?

1. Improving support for GPUs and exascale machines (Cray PE)
2. Developer workflows

3. Cl, Testing, and Binary Distribution

4. Deeper modeling of the software ecosystem

5. Broader reach into non-traditional HPC, including:
— C++ community
— Windows
— Cloud environments

. . (2faL
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Our strategy going forward is to focus on building and testing for the
compiler/runtime stacks on EA systems
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We added much-needed support for new vendor compilers
— oneapi: Intel, nvhpc: NVIDIA, aocc: AMD

Working to add tests so that we can use new spack test capability on EA systems
— Community can integrate smoke tests into Spack packages
— We will be running continuous smoke tests in Cl for the ECP stack

GPU integration across the stack will be an ongoing focus
— Focus on CUDA and HIP packages and common usage
— Focus on interoperability for mixed compilers, continue to work with vendors

Aggressive tests of relocatable binary builds on all EA systems
— Keep things working with constant pull request testing

Lawrence Livermore National Laboratory N A'S%% 9
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Spack’s environment abstraction allows users to work with a
subset of packages

Simple spack.yaml file

—ﬂ—‘— f Dependency spack:

# include external configuration

1 packages include:
i build - ../special-config-directory/
install e
project - ./config-file.yaml

\ 4

i i Lockfile describes
spack.yaml file W'th > ] ] # add package specs to the “specs’ list
names of required exact versions installed e
dependencies - hdf5
- libelf

- openmpi

= Two files:
— spackyamidescribes project requirements and configuration
— spacklockdescribes exactly what was installed

Concrete spack.lock file (generated)
{

 Allows you to reproduce an installation "concrete_specs”: { )
6s63s02kstp3zyvjezglndmavyél3nul®: {
"hdf5": {
. . . . "version": "1.10.5",
= An environment can be versioned in a repository SR
— Technigue used by uberenv, serac, other projects to manage "platforn_os': "mojave",

"target": "x86_64"
dependencies b
"compiler": {
"name": "clang",
"version": "10.0.0-apple"

= MAPP repository structure maps fairly well to a Spack .

"namespace": "builtin",

environment e e,

"debug": false,
"fortran": false,

"h1": false,
"mpi": true,

Lawrence Livermore National Laboratory
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We have built a number of developer workflow features
on top of Spack environments (similarities with SpackDev)

class Cmake(Package):
executables = ['cmake']

@classmethod
def determine_spec_details(cls, prefix, exes_in_prefix):
exe_to_path = dict(
(o0s.path.basename(p), p) for p in exes_in_prefix

spack external find

‘GNU libsigsegy i a lbrary for handling page faultsin user mode

Automatically find and configure external packages on the system
)

if 'cmake' not in exe_to_path:
return None

#_..spack package contents
extra_install tests = tests/fibs”

def test(self):
cmake = spack.util.executable.Executable(exe_to_path['cmake'])
output = cmake('--version', output=str)
if output:

match = re.search(r'cmake.*version\s+(\S+)', output)

if match:

version_str = match.group(1)

return Spec('cmake@{8}'.format(version_str))

data_dir = self.test_suite.current_test_data_dir

packages: smoke_test_c = data_dijoin(smoke_test.)
cmake:
externals:
- spec: cmake@3.15.1
prefix: /usr/local

selfrun test(
i
' sell prefix.include,
6% self prefiib, “igsesy.
smoke teste

spack test e

purpose=check linking)

package.py Spack.yaml Configuration Packages know how to run their own test suites el

‘smoke_test, [, data_diejoin(smoke_testour),
purpose="un buil smoke test)

selfrun_test(sigsegu" [ Testpassed ], purpose='check sigsegy1 outpur)
selfrun_test(sigsegu2’ [ Testpassed ], purpose='check sigsegy2 outpur)

package.py

— e - B spack ci
o | | o Automatically generate parallel build pipelines Mot .
e (more on this later) =

# Select the format of the recipe e.g. docker,
# singularity or anything else that is currently sy
format: docker

pack-kds
o spack/spack_builder_ubunty 18,04
cloud-centos:

FEEEREEEZ

# Select from a valid List of Images
base:
inage: “centos:7"
spack: develop

ronsent/spack. yarl

= ntos?
runner-attributes:
tegas
- spack-kEs
je: spack/spack_bullder_centos_7

spack gc

# whether or not to strip binaries

.git|ab-ci.ym| CI pl pel I ne SPa.Ck containerize # Additional systen packages that are needed at run

o5_packages:
- Llibgonp

roup: Release Testing
tps: //cdash, spack. io
project: Spack

site: Spack WS Gitlab Instance

Turn environments into container build recipes e
RUN echo "export PS1="\[$({tput boldI\]\[$({tput setaf 1)

spack.yaml

# Labels for the image
labels:

app: “gromacs"

mpi: "mpich”

Lawrence Livermore National Laboratory N A'ngi%
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spack develop lets developers work on many packages at once

= Workflow:

— Set up an environment for a code
— Develop multiple packages from its dependencies
— Easily rebuild with changes

= You need to Supply a version to spack develop

— Spack needs to know what version to check out.
— Can be a git version, tarball, etc.

= Develop installations are install in the
regular Spack install tree, with a unique hash

spack env activate .
spack add myapplication
spack develop axom@0.4.0
spack develop mfem@4.2.0

$ s
spack.yaml axom/ mfem/

$ cat spack.yaml
spack:
specs:
— myapplication # depends on axom, mfem

develop:
— axom @0.4.0
— mfem @develop

Lawrence Livermore National Laboratory
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We have added git versioning to Spack

Users can now specify a full, 40-char git commit as a version
— Works in environments or on the command line

$ spack install zlib @53ce2713117ef2a8ed682d77b944df991c499252

This was tricky because we needed a way to compare a commit to a version
— MBS only needs to be able to fetch by commit, not compare

— Packages have conditional logic with versions

— We can compare versions to commits based on tags in a repository

We developed an internal representation for commit versions
— Lexicographic tuple comparison:

(<version>,"", <commits since prior tag>)

— Comes before any <version>.x
— Allows commits to be compared by distance between versions.

We can iterate on these semantics
— there are certain types of versioning schemes for which they won’t work

Lawrence Livermore National Laboratory N A' ﬁf_ﬁ 13
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MARBL has about 50 dependencies (and growing)

Not unlike other LLNL codes, but...

MARBL is more deeply modular than prior codes

— Designed to support modular physics

— MARBL itself has two hydro options: Miranda & Blast

— Code, build structure both assume that a simulation is
comprised of packages

Needed a way to simplify modular workflows
— Need to work on several repos at once
— Changes to the code are multiple pull requests

LLNL and other HPC users likely won’t use mono-

repos
— lssues:

* Managing permissions

* Code timescales

* Independence of teams
— Systems like Bazel are extremely hard to get working

on non-Google environments.

Lawrence Livermore National Laboratory N A' Sﬁfj‘i 14
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c/o Robert Blake
The AML team has used Spack environments to accelerate

their workflow for PyTorch

= LLNL Applied ML team needed to deploy o
— PyTorch + Kull development environment
— On ppc64le with system MPI

= Before Spack
— Everybody built from scratch T
— People wrote scripts and passed them around S
— Days were spent trying to debug build differences
— Versioned reproducible spack environments in a git repo | oo
— Standard environments in a shared team directory
— Team members can set up a reproducible, customizable | .

environment in ~¥20 minutes.

« Change python version, PyTorch version on the fly spack yaml file
 Leverage binary caches to avoid redundant builds.

This stack is not as complex as MARBL, but seemed like a good basis.

Lawrence Livermore National Laboratory N A‘S&% 15
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Under this new workflow, users can describe their environment

in a spack.yaml

= First section is familiar
— List of packages with hashes

= spack.yaml contains:

— Hashes

— Per-package options

— Compiler options

— Flags

— External packages

— Local package recipe repositories
— Etc.

= |f this is too long, some of this can
be moved to external includes

@develop build_type=Release
miranda @develop
blast @wktexports
exo @wktexports
adiak @950e3bfb3151%ecb7b7ee7fa3063bfab23c@e2c9
ascent ~fortran~openmp @587f6cf9503ef6176e59a046f6331baedSe36ceb
axom ~lua~openmp @587f6cf9503ef6176e59a84616331baedSe36ceb
blt @43022da4dfed5a50a02 fbd@355defd@3f12157cd
caliper~libdw @8560148e7f883fb87dec85e92c849eec2bbb1f7
camp @85601f48e7f883fb87dec85e92c849eecZbbb1f7
care @7f43ed9edB840016173b8434b6471142a8f fd4882
chai @d3282bc95¢533efb90ec@a@6085e455daad7df6b
conduit @f54f834eb8aaff4fc97613e04cfdb360997867be
dray ~test~utils~openmp @cObee76f2dce29139bdel@84bf@85d7d1c1b@lbd
el4 @aded490988f1d@allff74f9%be7135d95e25e9@ca
glvis @20aeb2c@3ce?@f445232dba74179e@3c94dedc2c
gotcha @ed455990e57e5b74e16343816cd0d2d4f38d65de
irep @5d4d2893b25c4df e4add5dd6d8110179980c2abb
leilak @1886056c39806919bf8cce4216732fc1d8643954
mfem +shared @3d8043b9e78dcdcd86639bbb28d3bd7b514fb5e2
raja ~openmp @3cb6370bb2868e35ebbaz3cdce927f5f7f9da53@
ransbox @edf@72bfa7b3f6e@fd6ebl@6abbe65ae5f677abe
samrai @39017121bda44fff713fe3b@1cble@63bed3023b
selene @619b15713c738d7@b125bc@8aef72925d961ad2e
spheral @8cc54824c2937405203c3803ab44960f c26d506d
tribol @b9185d317bf14d87462ca345086931580c591eb4
umpire ~openmp @5201a47a35e3844160dcbecd@916f8c96aa7ddo7
vtkh @cd6004c94b@83b@96Tda5f994b491b8229dacd79
hdf5 @:1.8 +cxx+fortran~mpi
netcdf-c ~mpi
python @3.7.2

options,
iyl e s+1 versions/hashes

N
concretization: together

repos::
- ~/src/11nl.wci.mapp
- $spack/var/spack/repos/builtin
- ~/src/11nl.wci

package repos

compilers:
- compiler:
spec: intel@18.0.2
paths:
cc: /usr/tce/bin/icc-18.0.2
coxx: fusr/tce/bin/icpc-18.0.2
f77: /usr/tce/bin/ifort-18.0.2
fc: /usr/tce/bin/ifort-18.0.2
flags: {3
operating_system: rhel?
target: x86_64
modules: [gcc/4.9.3, intel/18.0.2]

compiler info

Lawrence Livermore National Laboratory
LLNL-PRES-826942

Current MARBL spack.yaml

packages:
all:
compiler: [intel®18.8.2]
providers:
mpi: [mvapichz]
blas: [netlib-lapack]
lapack: [netlib-lapack]
hypre:
variants: +shared

mpi:
buildable: MP'
externals:
- spec: mvapich2@2,3%intel®18.0.2 process_managers=slurm arch=linux-rhel7-ivybridge

prefix: /fusr/tce/packages/mvapichZ/mvapich2-2.3-intel-18.8.2

blas:
buildable:

lapack:
buildable:

netlib-lapack: BLAS/LAPACK
buildable:
externals:

netlib-lapack®3.6.1+shared
: Jusr

external
package pre

buildable:
externals:
uda®19.2
: /fopt/cudatoolkit/10.2

autoconf@2.69
/usr

buildable:
externals:
automake®1.13.4

buildable:
externals:

'»'Er;inn: [3.14.5] H

buildable: bL"Id

externals:

- spec: cmake®3.14.5 d d H
prefix: /usr/tce/packages/cmake/cmake-3.14.5 epen enC|eS

buildable:

externals:

- spec: gettext@9.19.8.1

prefix: fusr
libtool:

buildable:

externals:
libtool®2.4.2
i fusr

buildable:

externals:

- spec: m4@1.4.16
prefix: Jusr

- spec: pkg-config@®.27.1
prefix: fusr
tar:

16



Spack generates a spack.lock file that enables you to reproduce
the environment =

= Users specify their constraints in spack.yaml
— The rest of configuration is automated by the concretizer
— The concretizer is a constraint solver that reconciles
package requirements with yours
— Details are beyond the scope of this presentation

= |f you modify spackyaml, you can either:
— Run spackinstall again (this concretizes before installing)
— Run spack concretize —force to see the
concretized environment before installing (shown at right)

= spack.lock contains all the decisions the concretizer made:
— Versions
— Compilers, compiler versions
— Variant values
— Optional dependencies
— Target architecture

= Open question: how best to manage spacklock files

Fully concretized MARBL environment

Lawrence Livermore National Laboratory N A' 4.0‘ 17
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Spack workflow for developer environment

Top-level YAML manifest and lock file(s)

CLI workflow PROJECT \\
$ git clone ssh://git@rzgitlab.lInl.gov:7999/mapp/mapp
$ cd mapp

spack env activate spack.yaml spack.lock
$ spack develop blast@develop

$ spack develop miranda@develop } components to Work on

$ srun —N 2 —n 16 --exclusive spack install MARBL BLAST MIRANDA Exo

spack can do multi-node builds

Subdirectories with components

Lawrence Livermore National Laboratory N A'S%‘_% 18
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E4S is ECP’s curated, Spack-based software distribution

spack:
specs:
- openpmd-api - adios - gotcha
- py-libensemble”python@3.7.3 - darshan-runtime - caliper
° ° - hypre - darshan-util - papi
e EAS is just a set of Spack packages - nfen. - - veloc - py-jupyterhub
- trll}nos@lz.14.1+dtk+1ntrep1d2+shards - scr - zfp
— 60+ packages (297 including dependencies) ~ Serunack ~threads " Yibnm
- - — superlu-dist - papyrus@develo - rempi
— Growing to include all of ST and more - iuﬁerm ~ bott C Eiﬂia .
= Tasmanian =i Faja — KOKKOS—KerneL.s
" hats - kokkos+opemnp = 52{‘”""’
e Users can install E4S packages: " Byninst Wi - flecsiacinch
. . - pdt - libquo #- petsc
— In their home directory - tau - globatarrays #- faodel
- hpctoolkit
— |In a container e
pr;;i?eE%;ectrumImpi]
oo, o . target: [ppc64le
* Facilities can install E4S packages: e e
— On bare metal o
. cuda@1@.1.243: cuda/10.1.243
— In a container spectrum-mpi:
bullQab}e: false
F1.3.1.2
e Users and facilities can choose parts they want T pectrun-mpigl0.3.1.2: spectrun-pi/10.3.1.2-20200121
config:
— spackinstall only the packages you want misc_cache: $spack/cache

build_stage: $spack/build-stage

— Or just edit the list of packages (and configurations) you want in L
. view: false
d spack.yaml flle concretization: separately|

Actual E4S manifest (spack.yaml) for OLCF Ascent

A A 1 ol ¥ i .
More on E4S at https://e4s.io
Lawrence Livermore National Laboratory A é@% 19
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https://e4s.io/

E4S team has built a binary cache with over
50,000+ Spack binary packages

aciss.uoregon.edufed X +

& oaciss.uoregon.edu/eds/inventory.html e @ B2 ¢« v B @ &

iaps o B O w8 P n & W 3 binaries B Aws 5 L Pricer [ Solvers [ links-to-read @ IM

EA4S Build Cache for Spack 0.16.0

e Built for multiple OS’s, architectures

To use this build cache, just add it to your Spack

e E4S team is working with ECP projects to accelerate et
their build pipelines

spack gpg trust e4s pub

Click on one of the packages below to see a list of all available variants.

All Architectures O PPC64LE O XB6_64

@® All Operating Systems O Centos7 O Centos8 O RHEL7 O RHEL8 O Ubuntu 1804 O Ubuntu 20.04

e Improved performance of cloud Cl for one project by S —

1 O 1 O OX 27435 Spack packages

. .
- P reVI O u S Iy’ b u I I d S to O k too I O n g fo r fre e C I O u d C I adiak@0.1.1 adios2@2.50 adios2@26.0 adios@1.13.1 adlbx@092 adol-c@2.72 amg@12 aml@0.10 amrex@2007 amrex@20.09 amrex@20.10 amrex@20.11
— P roj ect Ca n n OW ite ra te fa Ste r u S i n g amrex@20.12  ant@1.100 ant@1.10.7 arborx@0.9-beta argobots@1.0 argobots@1.0rcl  argobots@10rc2  arpack-ng@3.70 arpack-ng@3.8.0 ascent@develop

assimp@4 0.1  autoconf-archive@2019.01.06 autoconf@2.69 automake@1.16.1 automake@1.162 axl@0.1.1 axl@0.30 axom@033 axom@040 bash@50

. .
S p a C k/ E4S bl n a rI e S bdftopef@1.0.5  berkeley-db@18.1.40  berkeley-db@6.2.32  binutils@2.31.1  binutils@2.32  binutils@2

blaspp@2020.10.02 blt@0.3.6 blt@develop bmi@develop bolt@1.0 bolt@1.0rc2 bolt@1.0rc3 boost@1.700 boost@1.720 boost@1.73.0 boost@1.74.0

1 binutils@2.34 bison@3.4.2 bison@3.64 bison@3.74

butterflypack@1.1.0  butterflypack@1.20 butterflypack@1.2.1 bzip2@1.0.8 c-blosc@1.17.0 caliper@2.0.1 caliper@2.2.0 caliper@230 caliper@24.0 camp@0.1.0

. . . . . afe, »
e We are rapidly building out binary build capabilities
r r I UI In u In r UI I I I camtimers@master  catalyst@5.6.0 cinch@develop cinch@master cmake@3.13.4 cmake@3.14.5 cmake@3.14.7 cmake@3.154 cmake@3.16.2 cmake@3.16.5
for S ack cmake@3.17.1 cmake@3.173 cmake@3.180 cmake@3.18.1 cmake@3.184 cmake@3.190 codar-chectah@develop comgr@390 conduit@develop conduit@master
p coupler@master  cpio@2.13  cuda@10.1.243  cuda@10.2.89 cuda@11.0.2 cuda@11.10 cuda@l11.1.1 curd@7.630 curd@7.71.0 curl@7.720 curl@7.730 curl@7.74.0
. . . . . .
—_ Alm to have Optlmlzed blna rIeS for most platforms In darshan-runtime@3.1.7  darshan-runtime@3.1.8  darshan-runtime@3.2.1  darshan-util@3.1.7  darshan-util@3.1.8 darshan-util@3.2.1 diffutils@3.7 doxygen@1.8.15

dtcmp@1.1.0  dtemp@1.1.1  dyninst@10.1.0  dyninst@10.2.0 dyninst@10.2.1 effis@develop eigen@3.3.7 ecigen@3.38 elfutils@0.177  elfutils@0.178  elfutils@0.179

F ro nt i e r/ E I Ca p ita n ti m efra m e elfutils@0.180  elfutils@0.181  elfutils@0.182 emacs@26.2 ember@1.0.0

expat@229 faodel@1.1906.1 fitw@3.3.8 findutils@4.6.0 flatcc@0.5.3 flecsi@l flecsi@develop flecsi@master flex@2.64 flit@2.1.0 font-util@1.3.2

environment-modules@4.3.1 er@0.03 examinimd@l1.0 exmcutils@0.5.7 expat@2.2.10

fontconfig@2.12.3  fontsproto@2.1.3  freetype@2.10.1  gasnet@2019.3.0 gasnet@20203.0 gec@64.0 gec@730 gec@8.10 gdbm@1.18.1  geopm@1.0.0-rc2

gettext@0.20.1  gettext@0.20.2  gettext@0.2]1 ginkgo@1.20 ginkgo@1.30 git@221.0 git@2280 git@2290 glm@097.1 globalarrays@5.7 globalarrays@5.8

- - - 1 - - - - -_ - - - ‘ 1 -_ - -_ - - r vy
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We have expanded our CI builds to trigger on pull requests, allowing us
to do Cl in the cloud for LLNL open source projects

O Spack Contributions V gitlab.spack.io v o 186_64 and aarchcs
on GitHub . @ e
B T J ppc64le pipelines at
I: J U. Oregon

Spack ci = ' Pipelines at LLNL

¢

""" (new)

—

spack.yaml GitLab CI builds (changed) packages

v & cilgitlab/gitlab.spack.io — Pipeline passed on GitLab configuration . On every pull request

 On every release branch
« Different compilers (Intel soon!)

* New security model supports untrusted contributions from forks
— Sandboxed build caches for test builds

— Authoritative builds on mainline only after approved merge

. . (“‘l
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Future Cl directions focus on scalability and testing

Scaling tests up to handle every PR has been very difficult
— Driven by GitLab == OO
— Using Kubernetes builders
— Using a cluster at U. Oregon

Concretization of large environments was slowing turnaround
— 55 min to concretize E4S environment (each spec separately)
— Brought this down to 2.5 min this past weekend

« Amazon and E4S/UO team helping to pinpoint errors T
e Once we have a stable, rolling release of spack develop branch,
we’ll make the build cache public S

— Rolling binaries for develop http://stats.e4s.io
— Long-lived snapshots for each release

Lawrence Livermore National Laboratory N A'.s&% 22
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Spack’s model lowers the maintenance burden
of optimized software stacks

® e = B = "y, = (S

Traditional OS
package manager . One software stack
Recipe per Build farm Portable (unoptimized) uoeraded over time
package configuration x36_64 binaries b6
(need rewrites for new systems)
- thimizgd | :> zlg ?E TE Many
Graviton2 binaries O M3 M3 software stacks

@ : - ‘ a i \ @ 2, Optimized :> zlg zlg TE Built for specific:
Spack Parameterized recipe 3%, Skylake binaries e R = Systems
per package Build farm / CI & Compilers

(Same recipe evolves for all targets) Optlr.mze.d :> zlg TE ?E 05's
GPU binaries B e B | MPIs
etc.
Users/developers can also build directly from source
Lawrence Livermore National Laboratory N A'S%% 23
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High level view of a Spack package build

Contributors

g @ ~* new versions
new dependencies
*  new constraints

package.py repository

spack default config

developers packages.yaml
) |\

admins, yaml :

USers I preferences COang packages.yaml

users

My
caI environment config spack.yaml

Command line constraints

users
spack install hdf5@1.12.0 +debug

>

@concretizer
(sundians)

v

Concrete spec is
fully constrained
and can be built.

Lawrence Livermore National Laboratory
LLNL-PRES-826942
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Spack’s concretizer has gotten pretty complicated

Sources for constraints = Current implementation is ad-hoc:

— Traverse the DAG
— Evaluate conditions, add dependencies
— Fill in defaults from many sources

— Repeat until DAG doesn’t change

= |[ssues:

()
Local config 0:11:0 Concretizer \ — Limited support for backtracking causes some
O graphs to resolve incorrectly

— Some constraints are strictly ordered

Defaults — Lots of conditional complexity

= Design doesn’t scale to all the criteria

Package — Hard to add new features/logic
repositories — Can be slow

Lawrence Livermore National Laboratory N A'S&% 25
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The new concretizer will be defaultin 0.17

New concretizer leverages Clingo (see potassco.org)

Clingo is an Answer Set Programming (ASP) solver
— ASP looks like Prolog; leverages SAT solvers for speed/correctness

— ASP program has 2 parts:

1. Large list of facts generated from our package repositories and config
— 20,000 - 30,000 facts is typical — includes dependencies, options, etc.
2. Small logic program (~800 lines), including constraints and optimization
criteria

New algorithm on the Spack side is conceptually simpler:

— Generate facts for all possible dependencies, send to logic program
— Optimization criteria express preferences more clearly

— Build a DAG from the results

New concretizer solves many specs that current concretizer can’t
— Backtracking is a huge win — many issues resolved

— Currently requires user to install clingo with Spack

— Solver will be automatically installed from public binaries in 0.17.0

e
1
2
3
4
5
6
7
8
9
1

Some facts for the HDF5 package

Lawrence Livermore National Laboratory
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The new concretizer enables significant simplifications
to packages, particularly complex constraints in SDKs

= Dependencies and other constraints within
SDKs could get very messy

= The new concretizer removes the need for
some of the more painful constructs

= Also allows for new constructs, like
specializing dependencies
— When conditions are now much more general
— Can be solved together with other constraints.

In some cases we needed cross-products of
dependency options:

depends_on('foo+A+B', when="+a+b')

depends_on(foo+A~B', when="t+a~b’

Before depends_on

depends_on(foo~A~B', when="~a~b

A~ A~ o~ o~

)
'foo~A+B', when='~a+b')
)

depends_on('foo’)
After depends_on('foo+A’, when="+a)

depends_on('foo+B’, when="tb’)

Specializing a virtual did not previously work:

depends_on('blas’)
depends_on(

‘openblas threads=openmp’, when="openblas’

)

Lawrence Livermore National Laboratory
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Four of the top six most wanted features in Spack
were tied to the new concretizer

Average feature importance by workplace

e Complexity of packages in Spack is increasing

4 - Critical _ . .
Reuse existing installs = > BN, B many more package solves require backtracking than a
year ago
VRS slagsiir<d 2.4 2.3 25 2.1 2.2 2.2 2.8 . i . .
— Many variants, conditional dependencies, special
Better flag handling ZESRVACEWAL B 0 R v S0 S 3 - Very compiler requirements
2.3 23 22 23 21 22 25 Important
Separate build-deps -ERIERIERIRT EEREIEE e More aggressive reuse of existing installs requires
Language virtuals £ RIERIERIEEIE R AT . N better dependency resolution | |
S portant — Need to be able to analyze how to configure the build to
Pkg maintainer notif. 77210 2116 2.1 2.1 P ciL -
work with installed packages
Build testing (Cl) 2.1 1.7 2.0 1.9
Optimized binaries 1t b ok 1.5 L.sighuy  © Separate resolution of build dependencies also
0.9 0.9 0.7 1.0 0.9 1.0 1.0 Important  requires a more sophisticated solver
Cloud integration ~0.8 0.6 0.5 0.8 = 0.8 0.6 — Makes the solve even more combinatorial
Windows support - 0.5 0.6 0.7 0.5 0.7 04 0.4 — Needed to.support mixed c’omp.llers, ve.r5|on conflicts
R B e R 0- l'mortant between different package’s build requirements
N T S Q9
¢ &
O R

Lawrence Livermore National Laboratory
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Four of the top six most wanted features in Spack

are tied to the new concretizer

Average feature importance by workplace

4 - Critical

2.6 2.4 2.7 2.4

21 22 22 2.8

[ : . 4 2.2 22 21
Better flag handling z 3 - Very
SR A eesd = 2 2.3 2.2 23 21 2.2 2. Important

Separate build-deps 174 . 2 1.8 2.3

i . . A1 2.2 1.7
Language virtuals - Somewhat

Pkg maintainer notif. Important

Build testing (Cl) Jeesssssss

Optimized binaries

- Slightly

Nearly done for 0.17

Done for 0.17

Package testing #€°9° 0.9 0.7 1.0 0.9 Important
Cloud integration -0.8 0.6 0.5 0.8 = 0.8 0.6 ‘_StartEd
9506 0.7 0.5 0.7 0.4 0.4
- o _O-Il\rlr(w);ortant
AP SN OSSN
% e b\) .\\Q} \\O
MM NP
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Separate concretization of build dependencies

= \We want to: spack install pkgl %intel

— Build build dependencies with the "easy"
compilers

— Build rest of DAG (the link/run dependencies)
with the fancy compiler

= This required significant concretizer 3 L
modifications |

= Gets into issues like bootstrapping \?)

Easy compiler

O Fancy compiler
B: build L:link R:run

‘ Lawrence Livermore National Laboratory 0 git hub.com / Spac k

LLNL-PRES-811110
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New compiler dependency model

dependencies from 1 and 2 .~ Compiler-imposed dep

y 3

i , . Already-installed dep
= Now consistency is enforced via link . @
g L

= If the libstdc++ versions from 1 and 2 don’t B
match, then this won’t resolve

= If they do, then we know that the C++ libs are intel@16

I
|
|
compatible and can build this, even with the II /L
|
|
|
|

old dependency.
r G
/
4
Will enable us to support langauge virtuals < j
libstdc++

= We currently use some heuristics to enforce gec@4.9.3

— Moving to SAT makes a lot of sense, again

- - (e
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National Nuclear Security Administration

LLNL-PRES-826942




Ongoing research:
BUILD is a 3-year research project, started at LLNL in 2020

. . , Human-generated constraints Compatibility Models
= Basic premise: humans can’t generate all the

compatibility constraints

— Version ranges, conflicts, in Spack packages not precise
— rely on maintainers to get right.

fit1) g(t1, t2)

\

[ B version v2, defines t2 }

h(t3) i(t1, t3)

4 : \ 4 A 4

Solver

= BUILD aims to understand software compatibility at
the binary level

— Develop ABI compatibility models
— Enable automatic and ABI-compatible reuse of system
binaries, foreign binary packages

= WIP: better dependency solvers can enable users

to solve around system dependencies Resolved
— find “closest” match to a prior build, using new packages ABI-compatible
— Reproduce a prior build with new requirements Graph

Lawrence Livermore National Laboratory
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After ECP

= We are looking at longer-term sustainability directions
after ECP

= Opportunities (everything is in flux at this point):
— ASCR Workshop on the Science of Scientific-Software

Development and Use
* just came out
— Leadership Scientific Software Meeting series

https://lssw.io

= We want to be part of any post-ECP sustainability

effort!
— Likely some type of work in conjunction with E4S

Leadership Scientific Software (LSSw) Portal

Leadership Scientific Software (LSSw) Portal

he LSSw portal is dedicated to building community and understanding around the development and sustainable delivery of leadersh

Quick links

Contribute a white paper or reference

Background

A Working Definition of Leadership Scientific Software

We define Leadership Scientific Software to be libraries, tools and environments that contribute to scientific discovery and insight in new an

nments. The focus of these capabilities is to push the boundary of feasibility, enabling larger scale, higher fidelity

Lawrence Livermore National Laboratory
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https://lssw.io/

Spack’s long-term strategy is based around
broad adoption and collaboration

Not sustainable without a community
— Broad adoption incentivizes contributors
— Cloud resources and automation absolutely necessary &Y Google Cloud aWws

e Spack preserves build knowledge in a

cross-platform, reusable way FUﬁTSU
— Minimize rewriting recipes when porting ’
e Cl ensures builds continue to work as packages evolve @2 Arg%QQS
— Keep packages flexible but verify key configurations NVIDIA.

e Any suggestions on sustainability models would be .
appreciated! @

Sandia
\ \ National _
,,,,,,, Laboratories

BERKELEY LAB 0 r m %OAK RIDGE

National Laboratory
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither the United
States government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States government or Lawrence Livermore National Security, LLC.
The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product endorsement purposes.



