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1 LINEAL Dependencies
LINEAL depends on a few libraries, which we list together with the versions used for
the performance measurements: LINEAL’s most foundational dependency is our
library THESAUROS, which depends on BOOST.PREPROCESSOR 1.87.0 (header-only)
[22], expected 1.1.0 (single-header) [5], and {fmt} 11.1.1 [38]. LINEAL additionally
depends on our library GREX as well as ankerl::unordered_dense 4.5.0 (single-header)
[31], neither of which has dependencies of its own. The executableswhichwere used
to gather the measurements additionally depend on our libraries named JAYBIRD,
which is used for JSON I/O and depends on THESAUROS as well as JSON for Modern
C++ 3.11.3 (single-header) [33], mhd-io, which we use to readMETAIMAGE headers
[27] and only depends on THESAUROS, and PLAZMA, which we use to compress/de-
compress XZ files and which depends on THESAUROS, {fmt}, and xz 5.6.3 [9]. Lastly,
we use argparse 3.1 (single-header) [29] to handle command-line arguments.

2 HYPRE Dependencies
Unless stated otherwise, the package versions and citations are the same as in the
article.

For compiling HYPRE, we enabled the use of 64bit indices through the bigint

option, since there are more than 232 non-zero entries in the left-hand side of the
diffusion problems, as well as support for OPENMP and SUPERLU 7.0.0 [15, 16, 20].
HYPRE depends on BLAS and LAPACK as well as SUPERLU_DIST 9.1.0 [16, 36, 37, 32].
SUPERLU_DIST, in turn, was used with OPENMP enabled and depends on BLAS and
LAPACK, COMBBLAS 2.0.0 [2, 7], METIS at commit e0f1b88 [25, 23], PARMETIS at
commit 8ee6a37 [26, 24], and COLAMD from SUITESPARSE 7.8.3 [14, 13].
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3 DUNEDependencies
Unless stated otherwise, the package versions and citations are the same as in the
article and Section 2.

TheDUNEmeasurements use the DUNE COMMON [4, 17] and DUNE ISTL [3,
18] modules, both at version 2.10.0. We used DUNE COMMON with the following
optional dependencies: BLAS and LAPACK, GNUMP C++ 6.3.0 [19] andVC 1.4.4-1
[28] (both UbuntuNoble Numbat packages), and multiple packages from SUITES-
PARSE 7.8.3 [8, 1, 14, 11, 12, 10, 13]. We found that enabling METIS/PARMETIS
or SCOTCH/PTSCOTCH [34] and using the corresponding repartitioning operations
worsened performance and therefore conducted our measurements without them,
i.e. the number of processes remains constant until all are merged into one. The fol-
lowing additional optional dependencies of DUNE ISTL were additionally enabled:
SUPERLU, which depends on BLAS andMETIS, and ARPACK++ at commit d1bec4e
[35] (header-only), which in turn depends on BLAS, LAPACK, SUPERLU, multiple
packages fromSUITESPARSE, and ARPACK-NG3.9.1 [30, 21], which depends onBLAS
and LAPACK.

4 GINKGO Dependencies
Unless stated otherwise, the package versions and citations are the same as in Sec-
tion 2.

We configured GINKGO to use METIS and hwloc 2.10.0 [6] as provided by the
official UbuntuNoble Numbat packages.

References
[1] Patrick R. Amestoy, Timothy Alden Davis and Iain S. Duff. ‘Algorithm 837:

AMD, an approximate minimum degree ordering algorithm’. In: ACM Trans-
actions on Mathematical Software 30.3 (Sept. 2004), pp. 381–388. ISSN: 1557-
7295. DOI: 10.1145/1024074.1024081.

[2] Ariful Azad et al. ‘Combinatorial BLAS 2.0: Scaling Combinatorial Algorithms
on Distributed-Memory Systems’. In: IEEE Trans. Parallel Distrib. Syst. 33.4
(Apr. 2022), pp. 989–1001. ISSN: 2161-9883. DOI: 10.1109/tpds.2021.3094091.

[3] Markus Blatt and Peter Bastian. ‘The Iterative Solver Template Library’. In:
Applied Parallel Computing: State of the Art in Scientific Computing. Springer,
2008, pp. 666–675. ISBN: 9783540757542. DOI: 10.1007/978-3-540-75755-9_82.

[4] Markus Blatt et al. ‘The Distributed and Unified Numerics Environment, Ver-
sion 2.4’. In: Archive of Numerical Software 4.100 (2016), pp. 13–29. ISSN:
2197-8263. DOI: 10.11588/ans.2016.100.26526.

[5] Sy Brand et al. TartanLlama/expected 1.1.0. Mar. 2023. URL: https://github.com
/TartanLlama/expected/tree/292eff8bd8ee230a7df1d6a1c00c4ea0eb2f0362.

[6] Franois Broquedis et al. ‘hwloc: AGeneric Framework forManagingHardware
Affinities inHPCApplications’. In: 2010 18th Euromicro Conference on Parallel,
Distributed and Network-based Processing. IEEE, Feb. 2010. DOI: 10.1109/pdp
.2010.67.

2

https://doi.org/10.1145/1024074.1024081
https://doi.org/10.1109/tpds.2021.3094091
https://doi.org/10.1007/978-3-540-75755-9_82
https://doi.org/10.11588/ans.2016.100.26526
https://github.com/TartanLlama/expected/tree/292eff8bd8ee230a7df1d6a1c00c4ea0eb2f0362
https://github.com/TartanLlama/expected/tree/292eff8bd8ee230a7df1d6a1c00c4ea0eb2f0362
https://doi.org/10.1109/pdp.2010.67
https://doi.org/10.1109/pdp.2010.67


[7] Aydn Buluc, Ariful Azad,MdTaufiqueHussain et al. PASSIONLab/CombBLAS 2.0.0.
June 2022. URL: https://github.com/PASSIONLab/CombBLAS/tree/e1c7faad8d5a91

8d5671b794c04672f30c6bec29.
[8] Yanqing Chen et al. ‘Algorithm 887: CHOLMOD, Supernodal Sparse Cholesky

Factorization and Update/Downdate’. In: ACM Transactions onMathematical
Software 35.3 (Oct. 2008), pp. 1–14. ISSN: 1557-7295. DOI: 10.1145/1391989.139
1995.

[9] Lasse Collin. XZ Utils. Archived at https://web.archive.org/web/20241119073
348/https://tukaani.org/xz/. 2024. URL: https://tukaani.org/xz/ (visited on
19/11/2024).

[10] Timothy Alden Davis. ‘Algorithm 832: UMFPACK V4.3—an unsymmetric-
patternmultifrontalmethod’. In:ACMTransactions onMathematical Software
30.2 (June 2004), pp. 196–199. ISSN: 1557-7295. DOI: 10.1145/992200.992206.

[11] Timothy Alden Davis. ‘Algorithm 849: A concise sparse Cholesky factorization
package’. In: ACM Transactions on Mathematical Software 31.4 (Dec. 2005),
pp. 587–591. ISSN: 1557-7295. DOI: 10.1145/1114268.1114277.

[12] Timothy Alden Davis. ‘Algorithm 915, SuiteSparseQR: Multifrontal multi-
threaded rank-revealing sparse QR factorization’. In: ACM Transactions on
Mathematical Software 38.1 (Nov. 2011), pp. 1–22. ISSN: 1557-7295. DOI: 10.11
45/2049662.2049670.

[13] Timothy Alden Davis, Markus Mützel et al. DrTimothyAldenDavis/SuiteSparse

7.8.3. Oct. 2024. URL: https://github.com/DrTimothyAldenDavis/SuiteSparse/tre

e/d3c4926d2c47fd6ae558e898bfc072ade210a2a1.
[14] Timothy Alden Davis et al. ‘Algorithm 836: COLAMD, a column approximate

minimum degree ordering algorithm’. In: ACM Transactions on Mathematical
Software 30.3 (Sept. 2004), pp. 377–380. ISSN: 1557-7295. DOI: 10.1145/102407
4.1024080.

[15] JamesW. Demmel, John Russell Gilbert and Xiaoye Sherry Li. ‘SuperLU Users’
Guide’. In: Sept. 1999. DOI: 10.2172/751785. URL: https://doi.org/10.2172/7517
85.

[16] JamesW. Demmel et al. ‘A Supernodal Approach to Sparse Partial Pivoting’.
In: SIAM J.Matrix Anal. Appl. 20.3 (1999), pp. 720–755. ISSN: 1095-7162. DOI:
10.1137/s0895479895291765.

[17] DUNE Project Contributors. dune-common 2.10.0. Archived at https://web.arc
hive.org/web/20250325080549/https://gitlab.dune-project.org/core/dune-com

mon/-/tree/v2.10.0/dune/common. Oct. 2024. URL: https://gitlab.dune-project
.org/core/dune-common/-/tree/v2.10.0/dune/common (visited on 25/03/2025).

[18] DUNE Project Contributors. dune-istl 2.10.0. Archived at https://web.archive
.org/web/20241107103151/https://gitlab.dune-project.org/core/dune-istl/-/tr

ee/v2.10.0/dune/istl. Oct. 2024. URL: https://gitlab.dune-project.org/core/du
ne-istl/-/tree/v2.10.0/dune/istl (visited on 07/11/2024).

[19] Free Software Foundation.The GNU Multiple Precision Arithmetic Library.
Archived at https://web.archive.org/web/20250325080946/https://gmplib.org/.
2024. URL: https://gmplib.org/ (visited on 25/03/2025).

3

https://github.com/PASSIONLab/CombBLAS/tree/e1c7faad8d5a918d5671b794c04672f30c6bec29
https://github.com/PASSIONLab/CombBLAS/tree/e1c7faad8d5a918d5671b794c04672f30c6bec29
https://doi.org/10.1145/1391989.1391995
https://doi.org/10.1145/1391989.1391995
https://web.archive.org/web/20241119073348/https://tukaani.org/xz/
https://web.archive.org/web/20241119073348/https://tukaani.org/xz/
https://tukaani.org/xz/
https://doi.org/10.1145/992200.992206
https://doi.org/10.1145/1114268.1114277
https://doi.org/10.1145/2049662.2049670
https://doi.org/10.1145/2049662.2049670
https://github.com/DrTimothyAldenDavis/SuiteSparse/tree/d3c4926d2c47fd6ae558e898bfc072ade210a2a1
https://github.com/DrTimothyAldenDavis/SuiteSparse/tree/d3c4926d2c47fd6ae558e898bfc072ade210a2a1
https://doi.org/10.1145/1024074.1024080
https://doi.org/10.1145/1024074.1024080
https://doi.org/10.2172/751785
https://doi.org/10.2172/751785
https://doi.org/10.2172/751785
https://doi.org/10.1137/s0895479895291765
https://web.archive.org/web/20250325080549/https://gitlab.dune-project.org/core/dune-common/-/tree/v2.10.0/dune/common
https://web.archive.org/web/20250325080549/https://gitlab.dune-project.org/core/dune-common/-/tree/v2.10.0/dune/common
https://web.archive.org/web/20250325080549/https://gitlab.dune-project.org/core/dune-common/-/tree/v2.10.0/dune/common
https://gitlab.dune-project.org/core/dune-common/-/tree/v2.10.0/dune/common
https://gitlab.dune-project.org/core/dune-common/-/tree/v2.10.0/dune/common
https://web.archive.org/web/20241107103151/https://gitlab.dune-project.org/core/dune-istl/-/tree/v2.10.0/dune/istl
https://web.archive.org/web/20241107103151/https://gitlab.dune-project.org/core/dune-istl/-/tree/v2.10.0/dune/istl
https://web.archive.org/web/20241107103151/https://gitlab.dune-project.org/core/dune-istl/-/tree/v2.10.0/dune/istl
https://gitlab.dune-project.org/core/dune-istl/-/tree/v2.10.0/dune/istl
https://gitlab.dune-project.org/core/dune-istl/-/tree/v2.10.0/dune/istl
https://web.archive.org/web/20250325080946/https://gmplib.org/
https://gmplib.org/


[20] Christoph Grüninger, Xiaoye Sherry Li et al. xiaoyeli/superlu 7.0.0. Aug. 2024.
URL: https://github.com/xiaoyeli/superlu/tree/9c2665629b1fcc003726c87118dd

1ccb895d94f8.
[21] Franck Houssen, Sylvestre Ledru et al. opencollab/arpack-ng. Oct. 2023. URL:

https://github.com/opencollab/arpack-ng/tree/40329031ae8deb7c1e26baf8353f

a384fc37c251.
[22] VesaKarvonen, PaulMensonides et al. boostorg/preprocessor 1.87.0. Feb. 2024.

URL: https://github.com/boostorg/preprocessor/tree/c4ea7e40d365ba28faecef

8917d5c3f1e0121bf9.
[23] George Karypis et al. KarypisLab/METIS. Apr. 2023. URL: https://github.com/Kar

ypisLab/METIS/tree/e0f1b88b8efcb24ffa0ec55eabb78fbe61e58ae7.
[24] George Karypis et al. KarypisLab/ParMETIS. Mar. 2023. URL: https://github.com

/KarypisLab/ParMETIS/tree/8ee6a372ca703836f593e3c450ca903f04be14df.
[25] George Karypis andVipin Kumar. ‘A Fast and High Quality Multilevel Scheme

for Partitioning Irregular Graphs’. In: SIAM J. Sci. Comput. 20.1 (1998), pp. 359–
392. ISSN: 1095-7197. DOI: 10.1137/s1064827595287997.

[26] George Karypis andVipin Kumar. ‘A Parallel Algorithm for Multilevel Graph
Partitioning and Sparse Matrix Ordering’. In: J. Parallel Distrib. Comput. 48.1
(1998), pp. 71–95. ISSN: 0743-7315. DOI: 10.1006/jpdc.1997.1403.

[27] Kitware Inc. ITK/MetaIO/Documentation. Archived at https://web.archive.o
rg/web/20250324151047/https://itk.org/Wiki/ITK/MetaIO/Documentation. 2021.
URL: https://itk.org/Wiki/ITK/MetaIO/Documentation (visited on 24/03/2025).

[28] Matthias Kretz. ‘Extending C++ for explicit data-parallel programming via
SIMD vector types’. PhD thesis. Goethe University Frankfurt amMain, 2015.
URL: http://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/38
415.

[29] Pranav Srinivas Kumar et al. p-ranav/argparse 3.1. July 2024. URL: https://gith
ub.com/p-ranav/argparse/tree/68fd0277eea5412aff9b91c0b70efc698359dae0.

[30] Rich Lehoucq et al. ARPACK-NG: Large scale eigenvalue problem solver. Astro-
physics Source Code Library, record ascl:2306.049. June 2023.

[31] Martin Leitner-Ankerl et al. martinus/unordered_dense 4.5.0. Dec. 2024. URL:
https://github.com/martinus/unordered_dense/tree/73f3cbb237e84d483afafc74

3f1f14ec53e12314.
[32] Yang Liu, Xiaoye Sherry Li, Piyush Kumar Sao et al. xiaoyeli/superlu_dist 9.1.0.

Nov. 2024. URL: https://github.com/xiaoyeli/superlu_dist/tree/ef8a7c18a5576d

1ed8a827b831bb566fc0b2effb.
[33] Niels Lohmann et al. nlohmann/json 3.11.3. Nov. 2023. URL: https://github.com

/nlohmann/json/tree/9cca280a4d0ccf0c08f47a99aa71d1b0e52f8d03.
[34] François Pellegrini. ‘Scotch and PT-Scotch Graph Partitioning Software: An

Overview’. In: Combinatorial Scientific Computing. Chapman and Hall/CRC,
Jan. 2012, pp. 373–406. ISBN: 9781439827369. DOI: 10.1201/b11644-15.

[35] Martin Reuter et al. m-reuter/arpackpp. Mar. 2024. URL: https://github.com/m-

reuter/arpackpp/tree/d1bec4e1297265ab58d4900a9d52d6bbfef1c19a.

4

https://github.com/xiaoyeli/superlu/tree/9c2665629b1fcc003726c87118dd1ccb895d94f8
https://github.com/xiaoyeli/superlu/tree/9c2665629b1fcc003726c87118dd1ccb895d94f8
https://github.com/opencollab/arpack-ng/tree/40329031ae8deb7c1e26baf8353fa384fc37c251
https://github.com/opencollab/arpack-ng/tree/40329031ae8deb7c1e26baf8353fa384fc37c251
https://github.com/boostorg/preprocessor/tree/c4ea7e40d365ba28faecef8917d5c3f1e0121bf9
https://github.com/boostorg/preprocessor/tree/c4ea7e40d365ba28faecef8917d5c3f1e0121bf9
https://github.com/KarypisLab/METIS/tree/e0f1b88b8efcb24ffa0ec55eabb78fbe61e58ae7
https://github.com/KarypisLab/METIS/tree/e0f1b88b8efcb24ffa0ec55eabb78fbe61e58ae7
https://github.com/KarypisLab/ParMETIS/tree/8ee6a372ca703836f593e3c450ca903f04be14df
https://github.com/KarypisLab/ParMETIS/tree/8ee6a372ca703836f593e3c450ca903f04be14df
https://doi.org/10.1137/s1064827595287997
https://doi.org/10.1006/jpdc.1997.1403
https://web.archive.org/web/20250324151047/https://itk.org/Wiki/ITK/MetaIO/Documentation
https://web.archive.org/web/20250324151047/https://itk.org/Wiki/ITK/MetaIO/Documentation
https://itk.org/Wiki/ITK/MetaIO/Documentation
http://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/38415
http://publikationen.ub.uni-frankfurt.de/frontdoor/index/index/docId/38415
https://github.com/p-ranav/argparse/tree/68fd0277eea5412aff9b91c0b70efc698359dae0
https://github.com/p-ranav/argparse/tree/68fd0277eea5412aff9b91c0b70efc698359dae0
https://github.com/martinus/unordered_dense/tree/73f3cbb237e84d483afafc743f1f14ec53e12314
https://github.com/martinus/unordered_dense/tree/73f3cbb237e84d483afafc743f1f14ec53e12314
https://github.com/xiaoyeli/superlu_dist/tree/ef8a7c18a5576d1ed8a827b831bb566fc0b2effb
https://github.com/xiaoyeli/superlu_dist/tree/ef8a7c18a5576d1ed8a827b831bb566fc0b2effb
https://github.com/nlohmann/json/tree/9cca280a4d0ccf0c08f47a99aa71d1b0e52f8d03
https://github.com/nlohmann/json/tree/9cca280a4d0ccf0c08f47a99aa71d1b0e52f8d03
https://doi.org/10.1201/b11644-15
https://github.com/m-reuter/arpackpp/tree/d1bec4e1297265ab58d4900a9d52d6bbfef1c19a
https://github.com/m-reuter/arpackpp/tree/d1bec4e1297265ab58d4900a9d52d6bbfef1c19a


[36] XiaoyeSherryLi and JamesW.Demmel. ‘SuperLU_DIST:A scalabledistributed-
memory sparse direct solver for unsymmetric linear systems’. In: ACM Trans-
actions on Mathematical Software 29.2 (June 2003), pp. 110–140. ISSN: 1557-
7295. DOI: 10.1145/779359.779361.

[37] Xiaoye Sherry Li et al. ‘NewlyReleasedCapabilities in theDistributed-Memory
SuperLU Sparse Direct Solver’. In: ACM Transactions onMathematical Soft-
ware 49.1 (Mar. 2023), pp. 1–20. ISSN: 1557-7295. DOI: 10.1145/3577197.

[38] Victor Zverovich et al. fmtlib/fmt 11.1.1. Dec. 2024. URL: https://github.com/f

mtlib/fmt/tree/e3ddede6c4ee818825c4e5a6dfa1d384860c27d9.

5

https://doi.org/10.1145/779359.779361
https://doi.org/10.1145/3577197
https://github.com/fmtlib/fmt/tree/e3ddede6c4ee818825c4e5a6dfa1d384860c27d9
https://github.com/fmtlib/fmt/tree/e3ddede6c4ee818825c4e5a6dfa1d384860c27d9

	Lineal Dependencies
	hypre Dependencies
	DUNE Dependencies
	Ginkgo Dependencies

