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Mastering Spack: Managing HPC Software and Dependencies with Precision

In previous article titled "The HPC Software Stack: Spack + Conda + Singularity for Reproducible and Portable Workflows", it introduced a high
-level view of how these three powerful tools can be combined to build reproducible and portable HPC workflows. That article emphasized the
why - the need for isolated, shareable environments in scientific computing. This follow-up article focuses on the how, starting with Spack - a
flexible, compiler and architecture-aware package manager purpose-built for high-performance computing environments. Spack excels in situ-
ations where researchers need

e Multiple versions of the same library
e Tight control over compiler and architecture options

e Complex dependency trees with fine-tuned variants
This article will walk through how to use Spack in practical HPC scenarios which not only covers basic usage but also advanced features like
variant flags, compiler targeting, dependency chaining, etc. This article explores how to install a complex, real-world application: LAMMPS

(Large-scale Atomic/Molecular Massively Parallel Simulator), a widely-used classical molecular dynamics code with specific variants (like MPI,
OpenMP, and GPU support), control compilers, specifying dependency versions and features.

A) Exploring the LAMMPS Package in spack

(# Load the spack module \

[user@login1 ~] $ module load spack/spack

# Get Information about lammps package available in spack repository.

[user@login1 ~] $ spack info lammps

## Once this command is executed, it will fetch all details related to LAMMPS package like available versions, variants(mpi, openmpi, cuda,
th.), build and runtime dependencies, etc. )

B) To build Lammps with openmpi support and having rigid and manybody package enabled.

# To install LAMMPS version 20220324 -~ To use specific variants of package
[user@login1 ~] $ spack install Iammps@20240829[+mpi +rigid +manybody +openmp]["openmpi ]._’—>Control compiler

## Here, using ‘@’ means to install specific version, ‘+’ means include or enable the package or variant and ‘*’ and ‘%’ are used to update
the package which is directly/indirectly used as a dependency for root package. To include GPU support, user may add +cuda
cuda_arch=11

The spack will start building the consistent Dependency Graph related to mentioned versions in the installation command, and if the build is
successful, the installation process will start.

[testuser2@loginl ~]5 spack install lammps@20240829 +mpi +rigid +manybody +openmp “openmpi
/usr (external glibec-2.17-TwxodechzwxxdSns2cupxtwlwek2abyv)
=> Installing [2/44]
==> No binary for gcc-runtime-4.8.5-wtvlipinmrcgekcuxdbgyzyvancSkaznge found: installing from source
==> No patches needed for gcc-runtime
==> gcc-runtime: Executing phase: 'install'
=> gcc-runtime: Successfully installed gcc-runtime-4.8.5-wtvlpinmregekcuxdbgyzyancSkaznac
Stage: 0.00s. Install: 0.82s. Post-install: 0.03s. Total: 0.91s
/home/testuser2/.spack/opt/spack/linux-rhel7-haswell/gcc—4.8.5/gcc—runtime-4.8.5-wtvlpinmrcgekcuxdbgyzyancSkazngc
==> Installing [3/44]
=> No binary for ca-certificates-mozilla-2023-05-30-5avwvbhfTlglwSiukibzk7o3bcve3otli found: installing from source
==> Fetching https://mirror.spack.io/ source-cache/archive/5f/5fadcae80aad4ae041150f8e2d26c37d%80522cdb48f523fclelb5eb
==> No patches needed for ca-certificates-mozilla
F=> ca-certificates-mozilla: Executing phase: 'install'
=> ca-certificates-mozilla: Successfully installed ca-certificates-mozilla-2023-05-30-5avwvbhflglwSiukibzk7o3bcve3ot)
Stage: 0.14s. Install: 0.00s. Post-install: 0.0ls. Total: 0.23s
/home/testuser2/.spack/opt/spack/linux-rhel7-haswell/gcc-4.8.5/ca-certificates-mozil1a-2023-05-30-5avwvbhi7glwSiu
=> Installing [4/44]
=> No binary for gmake-4.4.1-fd4vnzésujvg3gyrSmtZgoehgxisekapl found: installing from source
F=> Fetching https://mirror.spack.io/_source-cache/archive/dd/ddléfbldeTbfab7%a72£5e8390735c4%e3e8e70b4945a15ablf81dd]
F=> No patches needed for gmake
==> gmake: Executing phase: 'install'
==> gmake: Successfully installed gmake-4.4.1-fdvnzésujvg3gyrSmtigoehgxisekapl
Stage: 0.60s. Install: 23.76s. Post-install: 0.02s. Total: 24.46s
/home/testuser2/.spack/opt/spack/linux-rhel7-haswell/gcc—4.8.5/gmake-4.4.1-f4vnzésujvg3gyrSmt2goehgrisekapl
==> Installing [5/44]

INSTITUTE FOR PLASMA RESEARCH, GANDHINAGAR 1



https://www.shabdkosh.com/dictionary/sanskrit-english/%E0%A4%97%E0%A4%A3%E0%A4%A8%E0%A4%AE%E0%A5%8D/%E0%A4%97%E0%A4%A3%E0%A4%A8%E0%A4%AE%E0%A5%8D-meaning-in-english

issue 99 GANANAM (TITT)

C) To view the Dependency Tree before installing (Optional)

# To view Dependency Tree

[user@login1 ~] $ spack spec lammps@20240829 +mpi +rigid +manybody +openmp “openmpi

[testuser2@loginl ~]$ spack spec lammps@20240829 +mpi +rigid +manybody +openmp “openmpi

==> Fetching https://mirror.spack.io/bootstrap/github-actions/v0.5/build cache/linuz-centos7-x86_64-gcc-10.2.1-clingo-bootstrap-spack-zowwod
==> Fetching https://mirror.spack.io/bootstrap/github-actions/v0.5/build cache/linux-centos7-xB86_64/gcc-10.2.1/clingo-bootstrap-spack/linux
owwoarrf3hvoéidiereolfujr42iyro.spack

==> Installing "clingo-bootstrap@=spack%gcc@=10.2.1~docs+ipo+optimized+python+static libstdepp build system=cmake build type=Release generat)
-286_64" from a bulldcache
- lammps" 1% S~adios~amoeba~asphere~atc~a rS~Compress~cores
0le~dpd-basi ne : i ;—5Nooth~c u(e~eff~e, I8 s ~fep~ffmpeg~gra
kos+ksp ce~latbol t2~_ehton— : : innp~ml-iap~ml-pod~ml-rann~ml-snap~ml-uf3~mofff+molec
~opt~orient~peri~phonon~plug 1 unq~'oems~'tn~*ython~ rocm~shock~smtbg~sph~spin~srd~tally~td
type=Release fft= ft\,J fftw ¢ sion=double gene ato’=naPe g* s_sizes=smallbig arch=linux-rhel7-haswell

- ~cmakeld? i uild type=Release patches=dbc3892 arch=linux-rhel7-haswell
- “curl | system=autotools libs=shared,static tls=openssl|

build system=autotools arch=linux-rhel7- hasue__
ou__c_system autotools arch=linux-rhel 7 haswell
c certs=mozi

nqhtthui
- ~diffutils
- opensle* 4.
- “ca— certlflcates mozill

: :~sym__nks termlib abi=none buil
tinew str ateg est out

inux-rhel7-haswell
1 system=gener nux-rhel7-haswell

d_system=autotools patches=7a351bc arch—;-nux rhel7-haswell

fsha ed build systen autotools arch=linux-rhel7-haswell

9 precision=double,float arch=linux-rhel]

65fec,e179c43 arch=linux-rhel7-haswell
~gu__e ou__c system gene__u arch—_;nux rhell-haswel
cuda~debug~gpfs~internal-hwloc~internal

ibevent~internal-pmix~java~lustre~memchecker~copenshmem~rd

D) To check whether the package is installed or not

~\
# To check whether lammps is installed or not along with all the dependencies
[user@login1 ~] $ spack find -Idf lammps

J

[testuserz@loginl ~]5 spack find -ldf lammps
- linux-rhel7-ha

lysxyfay lammps@20
[isit4mé cmake
S7hjaci
2ze3eu3
lvlicrsu
3fz22s3

openss1@83.4
Ca—ce[tificateﬁ—mozilla@;C 23-05-3

openmpils. 0.
autoconf

Sodacnw
Bustuo3 automakefl.16.5
[t£7 fwx7 hwloc@2.11.1%

libpciacces
sh3ydxh util-macros@l.
3mjvchg libxml2EZ2.

k27327

ludmj gz 6 libevent
z3rzx2 libtoolt

2dycan findutils

zbnhivs numactl@

axxygde openssh@

[vkl4acu

rx53sdy

it frnsp

htShC/uJ

llbxcry'pt
perl@s
berkeley—

s 3vmb3g

knefa27

fnvehzve pkgconfe
kate3z pmix@s

==> 1 installed package

E) To use the installed LAMMPS package and run the example input script

[user@cn234 ~] $ spack load lammps@20240829.1
[user@cn234 ~] $ mpirun -np 40 Imp -in in.nemd

## User may add above commands in PBS Batch script to submit job on compute nodes using spack

Spack gives user complete control over how software is built and configured in an HPC environment. Using LAMMPS as a case study in this
article, we've seen how to:

e Customize software installations using variants
e Control compilers, dependencies, and hardware targets
e Use reproducible environments

e Avoid conflicts with system software
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ANTYA Utilization: MAY 2025

ANTYA DAILY OBSERVED WORKLOAD
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ANTYA HPC Users’ ANTYA Usage, Updates and News
Statistics e Scheduled Downtime: There was no downtime of ANTYA for May
May 2025 2025.

Total Successful Jobs~ 1410 ] ) .
¢ Job_Submissions: The highest job loads were observed in the

¢ Top Users (Cumulative Resources) regularq, serialq, mediumgq, and longq queues, reflecting sustained
user activity across multiple workloads in various queues.

CPU Cores Amit Singh
o Cluster Utilization: The system maintained an average utilization

Walltime Amit Singh of approximately 74.39% and peak utilisation of 95.08%.

Packages/Applications Installed: Flexible Atomic Code (FAC)
Jobs Jugal Chowdhury 1| module has been installed on ANTYA.

$ module load fac-latest

Other Recent Work on HPC

Intense laser interaction with an inhomogeneous plasma: Validation of electromagnetic fields and absorption at
different polarization

Shakti Kushwaha
Simulation and Analysis of Electron Cyclotron Resonance Heating (ECRH) Scenarios for ADITYA-U Tokamak Komal
Relativistic cylindrical and spherical plasma waves Ardhendu Sekhar Mishra

Vlasov-Maxwell simulation of coherent electromagnetic wave and its kinetic instability in a hot magnetized plasma Pooja

Understanding toroidal flow reversal in inboard limited Aditya-U plasmas using EMC3-Eirene simulations Arzoo Malwal

lon Temperature Effects on 3D ELM Blob Dynamics in the Tokamak Souvik Mondal
fsoin‘:r;ﬁzﬁgnostics Driven Design and Performance Evaluation of a Multichannel Hard X-ray Imaging System Jagabandhu Kumar
MPI Parallelisation of Vlasov-Poisson Solver VPPM-OMP1.0 Chingangbam Amudon
REACTOR SYSTEM DESIGN OPTIMIZATION USING TRADE CODE Prachi Jain

Modelling and Experimental Investigation of Tritium-Titanium Target Degradation Studies using SDTrimSP and 14

MeV Neutron Generator Facility at IPR Varun Vijay Savadi

The Development of Nb3Sn CICC-based coil Piyush Raj

Mode Interaction Induced Thermal Relaxations in a 1D Dusty Plasma Ankit Dhaka
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hpcusers@ipr.res.in GANANAM (TITT) ‘ HPC Team
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Disclaimer: “caNanvam” is IPR's informal HPC Newsletter to disseminate technical HPC related work performed at IPR from time to time. Re-
sponsibility for the correctness of the Scientific Contents including the statements and cited resources lies solely with the Contributors.
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