
Quality Characteristics for Software in HPC Environments:
A Systematic Literature Review

deRSE25

Camilla Lummerzheim and Marius Politze

February 27th, 2025



Motivation

Why quality characteristics?

▶ FAIR criteria for research software translate to qualities

“R: Software is both usable (can be executed) and reusable (can be understood,
modified, built upon or incorporated into other software).”
FAIR4RS Principles [Barker et al. 2022]

Why software in HPC environments?

▶ HPC system capabilities are needed by scientists across all domains

▶ Quality is important because of expensive runs

▶ Unique challenges like hardware heterogeneity
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Introduction Systematic Literature Review Results Comparison to SQuaRE Conclusion and Outlook

Goals

1. Investigate existing research on the topic

2. Find out which quality characteristics are important

3. Compare to quality characteristics from software in general
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Systematic Literature Review - Search

Search

Selection

Data Extraction

[Kitchenham and Charters 2007]



”software quality”
or

”code quality”

or

”software sustainability”

or

(”software engineering” and (”quality” or ”sustainability”))


and



”hpc”
or

”high performance comput*”

or

”high-performance comput*”



▶ Applied to different indices
▶ Scopus
▶ BASE (Bielefeld Academic Search Engine)
▶ dblp computer science bibliography

▶ Executed in August, 2024
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Systematic Literature Review - Selection

Search

Selection

Data Extraction

[Kitchenham and Charters 2007]

Inclusion criteria Exclusion criteria

1. Quality refers to an
application software

2. Software is intended to be
executed in an HPC
environment

3. Characteristics of software
quality are defined and
analyzed

1. Not in English language

2. Duplicate

3. Pre-print of an included
publication

4. Not in continuous full-text
format

5. Primarily about teaching the
topics

▶ 29 included publications
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Systematic Literature Review - Data Extraction

Search

Selection

Data Extraction

[Kitchenham and Charters 2007]

▶ General data
title, authors, publication venue, publication year, DOI, references,

application domain

▶ Quality characteristics and trade-offs between them

▶ Category

▶ Tool and/or process
to measure or improve software quality aspects

▶ Software
including a description of how software quality is approached

▶ Analysis
of software quality, for example, the current state

[Lummerzheim 2025b]
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General Results
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Connections

[KK93] (CHARM++)[KK93] (CHARM++)

GitHubGitHub

GoogleTestGoogleTest

CMakeCMake

OpenMPOpenMP

OpenStackOpenStack

OpenCLOpenCL

[EJ09][EJ09]

MPI ForumMPI Forum

[Gam95] (Design Patterns)[Gam95] (Design Patterns)

DoxygenDoxygen

BoostBoost

[Com05][Com05]

[Wis14][Wis14]

[GSND20][GSND20]

[BCC+08][BCC+08][GLC+15] (Spack package manager)[GLC+15] (Spack package manager)

[Roa98] (V&V in CSE)[Roa98] (V&V in CSE)

PETSc Users ManualPETSc Users Manual

[BGMS97] (PETSc)[BGMS97] (PETSc)

[fS01] (ISO/IEC 9126-1)[fS01] (ISO/IEC 9126-1)

[HMS+09][HMS+09]

[BTSA12] (Legion)[BTSA12] (Legion)

[PBC+08] (Chaste)[PBC+08] (Chaste)

POP CoEPOP CoE

[GWW+10] (Scalasca)[GWW+10] (Scalasca)Docker HubDocker Hub

[KKN13] (LULESH)[KKN13] (LULESH)

JenkinsJenkins

[Lummerzheim 2025a] interactive version: https://slr-hpc-software-quality-794fea.pages.git.nrw/
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▶ Trade-offs mainly between
performance-related and other
characteristics

▶ Characteristics included once:
comprehensibility, traceability, simplicity,
transparency, functionality, sustainability,
quality consistency, stability, expandability,
understandability, adaptivity, development
effort, energy efficiency, result consistency
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Comparison to SQuaRE (ISO/IEC 25010:2023)[International Organization for Standardization 2023]

Functional
suitability

Performance
efficiency

Compatibility
Interaction
capability*

Reliability Security
Maintaina-

bility
Flexibility** Safety Reproducibility

TraceabilityFunctional
completeness

Functional
correctness

Functional ap-
propriateness

Time behavior

Resource
utilization

Capacity

Co-existence

Interoperability

Appropriateness
recognizability

Learnability

Operability

User error
protection

User en-
gagement

Inclusivity

User assistance

Self-
descriptiveness

Faultlessness

Availability

Fault tolerance

Recoverability

Confidentiality

Integrity

Non-
repudiation

Accountability

Authenticity

Resistance

Modularity

Reusability

Analysability

Modifiability

Testability

Adaptability

Scalability

Installability

Replaceability

Operational
constraint

Risk iden-
tification

Fail safe

Hazard
warning

Safe in-
tegration

*Usability in the previous version

**Portability in the previous version
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Conclusion

▶ Software quality in HPC has specific criteria

and commonalities with (research) software in general

Outlook

▶ Extract and evaluate used metrics

▶ Complement with studies using other methodologies

▶ Create a template for software quality documentation

Thank you for your attention.

Questions?

Contact
Camilla Lummerzheim
lummerzheim@itc.rwth-aachen.de
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