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Transparency and Reproducibility
Practice in Large-Scale Computational
Science: A Preface to the Special Section

Beth Plale

, Member, IEEE and Stephen Lien Harrell

, Member, IEEE

Abstract—With this special section we bring you a practice and experience effort in transparency and reproducibility for large-scale
computational science. A unique section, it consists of a research work plus six critques, each by a student team that reproduced the
work. The original research work has been expanded in its science and also in its contribution to open science with a discussion of the

student effort. Our letter contemplates implications as well.

Index Terms—Open science, computational science, reproducibility, practice and experience

1 INTRODUCTION

ELCOME to our special section on reproducibility in

large-scale computational science. Science that is open
and transparent is critical to maintaining the overall rigor
and respect of the scientific enterprise. The sharing of
research results beyond just the peer reviewed publication
can, with proper accommodations for proprietary or pro-
tected information, facilitate reproducibility and accelerate
science. The latter has been amply demonstrated by the
rapid response by funders, publishers, industry members,
and professional societies to making COVID-19 resources
openly available . Transparency in computer and computa-
tional sciences has numerous benefits: it increases the prob-
ability that a research result can be successfully built upon —
scientific results often require replication as a starting point
for building on prior research. Transparency contributes
positively to the incentives for research as it allows research
results beyond the publication to be assigned a persistent
ID (PID), so can be cited and counted. Finally, an individual
researcher’s commitment to transparency is a commitment
to the greater good.

In this special section we are excited to bring the reader a
practice and experience effort in transparency and reproduc-
ibility. This special section brings together in one place, for
the first time, a multi-faceted activity in reproducibility held
annually at the International Conference for High Perfor-
mance Computing, Networking, Storage, and Analysis
(SCxy) conference. This special section features a novel
computational science paper together with six individual
student team efforts to reproduce the science paper. While a
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controlled experiment in reproducibility, the collection taken
together gives a meaningful and practical example of what
reproducibility can mean for high performance computing.

2 FRAMEWORK

The computer and computational sciences publish a large
proportion of their research in selective peer reviewed con-
ferences. When a conference has strong organizational con-
tinuity from year to year, as does SCxy, communities will
organize themselves around these major venues thus posi-
tioning the conference to take a leading role in advancing a
collective objective like open science and reproducibility.
This has been the case for SCxy, which began taking steps
towards improved reproducibility as early as 2015.

The SCx annual conference and IEEE TPDS have been
leaders in open science for high performance computing.
SCxy has approached this through a multi-pronged appro-
ach of improving the rigor of the science that it publishes
while at the same time enhancing the open science skillset
of the next generation of researchers.

The first SCxy reproducibility prong achieves greater
transparency of research artifacts for the papers that SCxy
accepts for publication. Through means of a peer reviewed
appendix, authors provide information about the tools,
data, libraries, and other software and hardware that is both
used in, and produced by, the research. Artifacts informa-
tion complements the experimental environment descrip-
tion that is routine in experimental evaluation papers.
Review of the artifact description appendices is aligned
with ACM’s policy on Artifact Review and Badging where
artifacts can be deemed to have at a minimum been evalu-
ated according to well defined criteria of being complete,
exercisable, consistent, and documented.

The second SCxy reproducibility prong complements
artifacts transparency. SCxy holds an annual Student Clus-
ter Challenge (SCC), first developed in 2007, to provide an
immersive high performance computing experience to
undergraduates. Student teams choose to participate in the
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reproducibility challenge wherein they reproduce results
from an accepted paper from the prior year’s Technical
Program.

This special section brings together in one place an
extended version of the SC18 research paper by Shia et al.
[1] that served as the basis for SC'19 student teams’ repro-
ducibility efforts, and six of the best performing student
team efforts. The student papers are published here in the
form of critiques of the paper. Shi et al., in this special sec-
tion, extends prior work on a first-order mixed finite ele-
ment method (FEM) by presenting the computational and
numerical performance of a second-order mixed element
FEM. Jia et al. additionally reflect on use of their first-order
solver in the SC19 Student Cluster Challenge (SCC) as a
case study in computational reproducibility.

Six student teams, out of sixteen, completed the SC19
Student Cluster Challenge (SCC) with quality scores that
merited an invitation to this special section. An shepherding
process strengthen student reports. Student teams use a
completely different dataset from Shia et al. [1] (a Mars-
model dataset) and carried out their experimentation on dif-
ferent clusters although with similar architecture. It is
important to note that students are restricted to three thou-
sand watts of power and 48 hours of non-stop competition
for the completion of all four competition applications,
including the reproducibility challenge.

Shi et al. aided the the student team efforts by providing
MATLARB scripts for visualization and for generating vari-
ous planetary models with multi-resolution. They further
shared their code for computing the normal modes and
shared the corresponding eigensolver, pEVSL.

The SCC committee designed the tasks that student
teams undertake, drawing from Shi et al. results. Students
were asked to i) design and perform weak scalability of
sparse matrix-vector multiplication (SpMV), ii) design and
perform scaling of the model size task, and iii) design and
perform a strong scalability task.

The six teams represented in this special section all brought
their own cluster for the SCC challenge (which took place
on the floor of the convention center). Each cluster had between
2-5 nodes with Intel Xeon CPUs and NVIDIA V100 GPUs,
although no GPUs were used for the reproducibility challenge.
The 6 top teams are: e National Tsing Hua University team
(Sun et al.) e ETH Zurich team (Burger et al.) e Tsinghua Univer-
sity team (Zhang et al.) e University of Warsaw team (Masiak
et al.) e University of Washington team (Liu et al.) # Peking Uni-
versity team (Cheng et al.)

Jia et al. Section 4 summarizes the results of each of the
student team efforts, and points out the unique approaches
taken by the different teams. The student teams discuss dis-
tinct and creative approaches to achieving scalability in the
resource-limited environments within which they were con-
strained. Their effort, and the reflections of Jia et al. on the
student papers, is captured in this special section.

3 OBSERVATIONS

We encourage the reader to explore all the papers in this special

section. We offer for consideration a couple of observations.
The first observation is of who is it that defines when a

reproducibility effort meets the bar of obtaining the main
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results of the paper? ACM definition of results reproduced
is that “the main results of the paper have been obtained in
a subsequent study by a person or team other than the
authors, using, in part, artifacts provided by the author” .
All six teams met this bar of “results reproduced.” But
how? While there is independence between the authors of
the primary paper and the teams attempting to reproduce
the results, the very structure of the SCC brings a third party
into the reproducibility effort who played a crucial role.

Those artifacts required by the student teams, and the qual-
ity of the artifacts, is determined by a third party (SCC organ-
izers). This third party has a vested interest in student teams
having a successful experience. The SCC organizers addition-
ally define for the teams the criteria by which reproducibility
is assessed. That is, in identifying three discrete tasks, the SCC
organizers are themselves defining when a team meets of the
bar of results reproducibility. Does this presence of a third
party corrupt the outcome? We think not. The SCC organizers
work carefully to fully grasp the goals of the original paper;
this interpretation step is needed for undergraduate and high
school student teams for whom many of the concepts are
new. But in other settings it could be the authors themselves
who offer more guidance on when reproduction of the main
results of a paper have been met.

The second observation is that cluster size matters. For both
weak and strong scalability tests, Jia et al. used up to 256 Intel
Skylake nodes with an Intel Omni-Path interconnect. In the
reproducibility challenge, the participant teams have 2 to 5
nodes with InfiniBand as their interconnect. Most of their CPUs
are Intel Skylake or Cascade. The difference in cluster size is
compensated for, in part, by the nature of scalability measures.
The slope of a scalability line can be determined with fewer
data points and then scaled. Jia ef al. concludes that both weak
and strong scaling performances of the reproducibility by the
participant teams were impressive and encouraging.

In artificial intelligence research, however, scalability is
not the entire picture and the significant difference in cluster
size matters far more in results accuracy especially for deep
learning which requires significant resources. Future repro-
ducibility efforts of SCxy and beyond should grapple with
the question of how to assess when the “main results of the
paper have been obtained” in cases of large disparity in
computational resources between the original group and
reproducing team.

We thank Irene Qualters (LANL), Michela Taufer (U Ten-
essee), John Linford (ARM), Scott Michael (Indiana Univer-
sity) all of the SC20 organizing team. We thank Manish
Parashar, IEEE TPDS editor-in-chief, for his support and
creativity.

Beth Plale
Stephen Lien Harrell
Guest Editors

REFERENCES

[1] J.Shi, R. Li, Y. Xi, Y. Saad, and M. V. de Hoop, “Computing plane-
tary interior normal modes with a highly parallel polynomial filter-
ing eigensolver,” in Proc. Int. Conf. High Perform. Comput. Netw.
Storage Anal., 2018, pp. 894-906.

> For more information on this or any other computing topic,
please visit our Digital Library at www.computer.org/csdl.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


